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(57) Abstract: Operation of an overhead storage bin sensor used to monitor the volume consumed within the bin including a VOC sensor
to monitor for material that may become overheated within the bin such as lithium ion batteries in electronics products is provided.
Currently, fire or smoke detectors are not integrated into the storage bins leaving this area vulnerable to developing fires and outgassing
of electronic components often stored by passengers. Early detection of such events can prevent propagation of fire on board an aircraft
by rapidly reporting the event and giving the location of the event. The system described leverages other patents applied for including
a wireless sensor network and storage volume sensors. The sensor monitors for outgassing of materials or smoldering material by

monitoring the air quality within the bin space.
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Storage Bin Volume Sensor with VOC Sensing Safety Feature

BACKGROUND OF THE DISCLOSURE

[0001] Storage bins arc ubiquitous in the passenger cabin of commercial aircraft. The
storage bing are located above the passenger seats and hold all types of materials carried
onto the aircraft by passengers. Sensors to detect the volume of material placed in storage
bins are disclosed in United States Patent Application Publication No. US 2015/0241209
Al, “Apparatus and Method to Monitor the Occupied Volume within a Fixed or Variable
Volume,” by Jouper et al. and United States Patent Application Publication No.
2017/0255855 A1, “Network System for Autonomous Data Collection,” by Jouper.
[0002] Current bin sensors sense items occupying a portion of the storage bin volume and
determine the volume occupied within the bin. The bin sensors report that information to
an external network for annunciation to the cabin crew, ground crew and / or a data
collection system.

[0003] While bin volume occupancy is valuable information, there exists a need to not
only monitor the bin volume consumed, but status of the material stored. More
specifically, materials such as lithium batteries and any device containing a lithium
battery, large storage capacitor and small electronics can cause problems on-board aircraft.
Lithium batteries in particular have been a source of several in-flight incidences, such as
outgassing, electronic odors and spontaneous fires. The storage bin presents a unique
situation where laptop computers, tablets, smartphones and other clectronics are often
packaged internal to the carry-on baggage, briefcases and other holders. Each of these
holders present fuel to a fire should it begin within the storage bin area.

[0004] Current fire or smoke detectors are not integrated mto storage bins, leaving these
closed compartments particularly vulnerable.

[0005] It would be desirable, therefore, to provide a device and method for

monitoring the contents of a storage bin.
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[0006] It would be yet further desirable to provide a storage bin sensor, with a volatile

organic compound (“VOC”) sensing feature.

BRIEF SUMMARY OF THE DISCLOSURE
[0007] Disclosed is an overhead storage bin sensor for use in monitoring the volume
occupied within a storage bin. The sensor is particularly suited as a VOC sensor to
monitor for materials or items that may become overheated within the storage bin, such as
lithium-ion batteries in electronic products.
[0008] The VOC sensor is configured for carly detection of outgassing, odors and fire
from electronic components often stored by passengers. Early detection may allow for
rapid response onboard the aircraft, prevent propagation of an onboard fire or gas
emergency via rapid reporting and flagging of the event, and even avoid emergency
landings.
[0009] In accordance with the invention, VOC sensors monitor for outgassing of materials
or smoldering material by monitoring air quality within storage bin space.
[0009a] According to one or more embodiments, there is disclosed a system to mitigate a
risk of fire or chemical exposure in a plurality of storage bins located in a passenger cabin
of a commercial aircraft, the system characterized by a plurality of Volatile Organic
Compound (VOC) sensors configured to sense a VOC concentration level of each storage
bin; a plurality of volume sensors configured to periodically measure an unoccupied
volume of each storage bin, wherein the plurality of VOC sensors and the plurality of
volume sensors are alternately disposed within each storage bin; a microcontroller
configured to communicate with the volume sensors and VOC sensors, the microcontroller
programmed with a threshold VOC concentration level and configured to compare the
sensed VOC concentration level with the threshold level and output an alert when the
sensed VOC concentration level in one or more of the storage bins exceeds the threshold
Ievel and wherein the microcontroller is further configured to transmit the alert to a central
focation on the aircraft, the alert being at Ieast one of an audio or visual alert to indicate
that the sensed VOC concentration level in the one or more of the storage bins has

exceeded the threshold level.
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BRIEF DESCRIPTION OF THE DRAWINGS
[00010] The foregoing summary, preferred embodiments and other aspects of the
subject matter of the present disclosure will be best understood with reference to a detailed
description of specific embodiments, which follows, when read in conjunction with the

accompanying drawings, in which:

[00011] FIG. 1 is a sensor assembly in accordance with an embodiment;

[00012] FIG. 2 is a diagram of an embodiment of the sensor assembly within a

storage bin.

[00013] FIG. 3A is a schematic diagram in accordance with an embodiment.
[00014] FIG. 3B is a schematic diagram of a radio interface in accordance with an
embodiment.

-2a-
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[00015] FIG. 3C is a schematic diagram of a ToF sensor in accordance with an

embodiment.

[00016] FI1G. 3D is a schematic diagram of a VOC sensor in accordance with an

embodiment.

[00017] Like reference numbers and designations in the various drawings indicate
like elements. Arrows in the schematic drawings should be understood to represent logic
pathways that are generally indicative of the flow direction of information or logic, and

that such arrows do not necessarily represent traditional electrical pathways.
DETAILED DESCRIPTION OF THE DISCLOSURE

[00018] To mitigate a fire or chemical leak incident, a system that can detect such
issues early and signify to the flight crew the event and the location of the event within the
bin assembly may mitigate the propagation of fire and allow the flight crew time to react
to the situation, rather than waiting for the fire to present external to the storage bin.
[00019] Figure 1 depicts a sensor assembly 101 showing sensors for Volatile
Organic Compounds (VOC) 103, microcontroller(uC) 105, Radio for sending data (RAD)
107, Energy Harvester(EH) 109 in cases where needed, distance sensors for the bin
volume 111 (Time of Flight, ToF).

[00020] In an embodiment, distance from the top of the bin to a reflective surface
(such as a bottom of the bin, or material stored in the bottom of the bin) and then back to
the top of the bin where the sensor resides, represents a distance as measured by a time of
flight sensor. For example, a time of flight sensor measures the time it takes for light to
propagate from the sensor, to the reflective surface, and then back again. In a further
example, this distance is divided in two to measure the distance from the sensor to the
surface, and measures the speed of light. Thus, an amount of space available in a storage
bin is calculated by taking the distance measured by a reference measurement with an

empty bin.
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[00021] The volume/distance sensors are a time of flight sensor or any other
appropriate sensor used to measure distance. For example, such volume/distance sensors
may be chosen from sensors in the Infrared (IR) or Laser (sub-IR) frequencies. These
sensors are ideally -suited based on small physical size and robustness. Multiple sensors
are used to break the storage area into segments based on the bin length and depth,
measuring the distance from the top of the bin to the bottom of the bin. For example,
storage bin length and depth may be measured, and based on both length and depth, may
be divided into a predetermined number of segments, with each segments receiving at
least one sensor. To monitor for smoke or venting of lithium batteries or other devices, a
number of VOC sensors are used to continuously or on a pre-programmed interval,
monitor the air quality within the storage bin and annunciate through the sensor network if
a significant event happens. As discussed herein, significant events may include any
worrisome, dangerous or otherwise elevated level of VOCs, outgassing, fire or any other

form of combustion.

Volume Sensing

[00022] Using an initial measurement as a reference, each distance sensor measures
the distance from the top of the bin to the material added as passengers load the aircraft.
The microcontroller sets the time frame from measurement to measurement and calculates
the percentage of use based on the reference taken during initialization of the sensor and
the depth measurements. This is displayed for the flight crew at a centralized panel
displaying the layout of the aircraft, storage bin location and percentage of used space or
space available. This allows the crew early warning of the bin space volume available as
the passengers load the overhead storage bins. By monitoring space volume, the crew
may mitigate loading time increases by removing excess baggage from the interior of the
aircraft to the cargo hold and locate bin space available. This system can report, at an

instant, locations and relative volume available.
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Air Quality Sensing

[00023] Air quality sensing is used to monitor events such as outgassing of vapors
from lithium batteries, capacitors and other energy storage devices. In general, energy
storage devices present a unique issue in that there are self-power issues. Lithium
batteries have shown a propensity to self-ignite due to impurities in the chemicals used to
build the battery. Because the lithium battery stores energy for consumption by devices
attached to it, such as laptop computers, tablet computers or cellular phones, the lithium
battery becomes a self-starting and self-perpetuating potential for an overheating,
outgassing, or combustible event. This event in hidden spaces such as the storage bin may
not present itself to the passengers or cabin crew until a fire begins to exit the storage bin
itself. This would then have involved some, if not all, of the materials in that bin to a
propagating fire. Early detection and exact locating of the event is particularly advantage
and an aid in the safety of flight.

[00024] In an embodiment, annunciation of the event may be local to the storage
bin such as a light emitting diode (LED) indicator, on a remote panel, display, hand held
device or overhead projection device. The projection device may be located above the bin
opposite the location of the bin with the event. The projector could then project a RED or
other appropriate color display to the front of the bin at issue, thereby quickly signifying to
the cabin crew the location of a significant event. In a further embodiment, annunciation
may be hyper-localized, such that the predetermined-segments within a storage bin may
each contain a corresponding LED indicator, which may then be located above the
segment and configured to display an alarm or signify a location upon occurrence of a
significant event.

[00025] Additionally, this sensor could be a standalone device used to monitor
spaces and places where events of outgassing or fire would be difficult to spot visually,
such as in the overhead, behind panels, sidewalls, under seats, in the galley, closets, flight
deck or cabin crew rest areas. A standalone sensor may be a single or multiple VOC
sensor, a microcontroller, radio, energy storage device or energy harvester to operate the
sensors. Other sensors such as IR (heat sensor) could also be used in conjunction with the

VOC sensor to detect and annunciate a pre- or post-ignition fire. Each of these sensors aid
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the cabin crew 1n 1dentifying possible fires before they propagate. Decreasing time from

event to detection can mean the saving of lives and equipment aboard aircraft.

Function Description

[00026] The sensor is preferably located in the top of the overhead storage bin.
Locating here allows for continuous measurement of the storage volume used.
Additionally, vapors tend to rise from faulting devices. Other placements may work,
however, the top is preferred for obvious reasons.

[00027] Figure 1 graphically describes four ToF sensors with three VOC sensors
and the MicroController (uC) circuitry, including the radio as well as energy harvesting
using solar cells or small battery cells. The ToF sensor measures a bin empty distance
from the sensor to the bottom of the bin and back. A laser sensor is used for speed,
accuracy and immunity to ambient light. Generally, choosing a light frequency
wavelength that is not included in sun light is advantageous, in that ambient light does not
disrupt the measurement cycle.

[00028] The uC is the heart of the sensor. It controls the radio, sensor
measurements, timing of measurement and radio transmissions. The uC communicates
with each sensor across an Inter-Integrated Circuit (12C) interface for initialization of each
sensor as well as gathering measurement data, whether it be ToF or VOC data. Each
sensor is individually enabled and communicates with the uC.

[00029] Volume measurements are done on a periodic basis, such as once per
second or once per 10 seconds, or any other suitable period. The volume measurement is
generally only done while the aircraft is boarding. That is, this data is only relevant during
the loading process of the aircraft. The VOC sensor on the other hand, 1s set up during
initialization with a pre-programmed threshold. The threshold represents a minimum
VOC level for detection and annunciation. The threshold level is set above the ambient
amount of VOC seen in the environment the sensor is in. In the cabin of a commercial
passenger aircraft, an exemplary ambient of VOC concentration is 300 parts per billion

and an exemplary threshold VOC concentration to trigger the alarm 500 parts per billion.
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[00030] The VOC sensor is set to measure periodically, such as once every 250-
60000 milliseconds. The minimum time of each measurement for current sensors is 250
milliseconds. Delays of longer than 60000 milliseconds (60 seconds) between
measurements may delay the sensing of an event in relative real time. Oversampling at
time intervals of less than 250mSec will use more power and decrease battery life of the
system. The limitations of the upper and lower boundaries of sample rate may be
exceeded depending on power available and other system requirements.

[00031] When the pre-programmed VOC level is exceeded, an interrupt is sent to
the uC from the VOC sensor. This interrupt signifies that an event has triggered the sensor
by exceeding the threshold. The uC processes this event and sends a warning through the
radio to an external receiver or the uC enables a local light or display to indicate that an
event inside that stowage bin has occurred. This display or the remote display guides the
cabin crew to the location of the event for further action.

[00032] Figure 2 illustrates an embodiment of the sensor assembly within a storage
bin 213. As shown, the sensor may be located in an interior top portion of the storage bin.
Alternatively, other suitable locations may be utilized, such as interior bottom portion, or
side portions, of the storage bin.

[00033] Figure 3A-3D are the schematics of the sensor system including the uC,
radio, VOC sensor and ToF sensors.

[00034] Figure 3A illstrates the microcontroller/radio combination. This could be a
single chip solution where the uC and the radio are combined, or a discrete solution where
the radio and uC are separate with a communication bus between the microcontroller and
the radio. J1 is a USB programming port for loading software to cooperatively operate the
uC, radio and sensors. Regulator Ul provides a regulated 3VDC supply from the USB
connector during load of the appropriate code. U2 is a 32 bit uC with communication
busses to the radio and the sensors. Chip select outputs of the microcontroller, CS0-CS7
allow the uC to address each sensor individually by setting this interface to a logic 1.
Communication to the sensors takes place across the 12C interface, as all sensors share a

common bus, the chip select interfaces are used 1o determine which sensor is to be
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addressed at any given time. Y1 is the oscillator to control the frequency of operation for
the uC.

[00035] Figure 3B is the radio interface. This is a 2.4GHz radio with E1 being a
matched antenna for the radio frequency. The associated components between the
RFP/RFN outputs of the radio and the antenna are an impedance matching network to
provide the highest gain of the antenna for the least energy applied by the radio U6. Y2
sets the frequency of operation for the radio. Communication from the uC over the Serial
Peripheral Interface (SPI) bus provides control of the radio, transfer of data from the uC to
the radio and a command set to send radio information wirelessly.

[00036] Figure 3C illustrates the ToF sensors used to measure the distance from the
sensor to the bin floor or the material located in the bin. A reference is taken when the bin
is empty, in order to calculate the percentage used. Continuous measurements are taken
thereafter and compared with the reference, to calculate percentage of space consumed
below each of the sensors. The measurements of each sensor are averaged to become the
total volume consumed. The value calculated for each segment as well as the total value
can be reported to the display to show available space, space consumed and area within
the bin that space is available.

[00037] Figure 3D illustrates the VOC sensors. These sensors are controlled by the
uC to measure the CO2 and Volatile Organic Compound values within the bin space. The
value read is compared to a threshold and if it exceeds the threshold, will alert the cabin
crew of that event. The uC initiates the measurement, compares the result to the threshold
and if the value is in excess of that limit, sends an alarm through the radio and in turn to
the display either local to or remote of the bin signifying which bin and bin segment the
event is located.

[00038] It should be understood that various components of the disclosed subject
matter may communicate with one another in various manners. For instance, components
may communicate with one another via a wire or, alternatively, wirelessly and by
electrical signals or via digital information.

[00039] Although the disclosed subject matter has been described and illustrated
with respect to embodiments thereof, it should be understood by those skilled in the art
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that features of the disclosed embodiments can be combined, rearranged, etc., to produce
additional embodiments within the scope of the invention, and that various other changes,
omissions, and additions may be made therein and thereto, without parting from the spirit

and scope of the present invention.



CLAIMS:

1. A system to mitigate a risk of fire or chemical exposure in a plurality of storage

bins located in a passenger cabin of a commercial aircraft, the system characterized

by:

a plurality of Volatile Organic Compound (VOC) sensors (103) configured to

sense a VOC concentration level of each storage bin;

a plurality of volume sensors (111) configured to periodically measure an
unoccupied volume of each storage bin, wherein the plurality of VOC sensors and

the plurality of volume sensors (111) are alternately disposed within each storage bin;

a microcontroller (105) configured to communicate with the volume sensors
(111) and VOC sensors (103), the microcontroller (105) programmed with a threshold
VOC concentration level and configured to compare the sensed VOC concentration
level with the threshold level and output an alert when the sensed VOC concentration

level in one or more of the storage bins exceeds the threshold level; and

wherein the microcontroller is further configured to transmit the alert to a
central location on the aircraft, the alert being at least one of an audio or visual alert
to indicate that the sensed VOC concentration level in the one or more of the storage

bins has exceeded the threshold level.

2. The system of claim 1, wherein the audio alert is_an indicator in communication
with the microcontroller effective to annunciate when the threshold VOC

concentration has been exceeded.

3. The system of claim 2, further characterized by an energy harvester electrically

interconnected to the microcontroller.

-10-
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4. The system of claim 3, wherein the plurality of volume sensors (111) is a
plurality of distance sensors (111) that measures the distance from each distance
sensor (111) to an opposed reflective surface within the storage bin and the

microcontroller (105) computes the unoccupied volume from said measured distance.

5. The system of claim 4, wherein each distance sensor (111) is a time-of-flight

sensor that operates on an infrared frequency.

6. The system of claim 4, wherein distance sensors (111) are mounted to an
internal top surface of a storage bin and spaced apart to divide the storage bin into a

plurality of segments.

7. The system of claim 6, wherein the plurality of VOC sensors operate to
periodically monitor for smoke or battery venting and the plurality of distance sensors

operate only during passenger boarding times.

8. The system of claim 7, wherein the VOC sensors monitor air quality within a
storage bin.
9. The system of claim 1, wherein an ambient VOC concentration level is 300

parts per billion and the threshold VOC concentration level to trigger the alert is 500

parts per billion.

-11-
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