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SYSTEMS AND METHODS FOR NON-CONTACT BIOMETRIC SENSING

BACKGROUND

[0001] The field of the disclosure relates generally to emergency response situations

and more specifically, to methods and systems for non-contact biometric sensing.

[0002] In emergency response to disasters of various kinds, first responders are
hampered by being unable to reach victims, or are encased in protective equipment that
prevents sufficient contact with victims to do standard medical triage. No solution currently
exists which permits non-contact standoff measurement of human vital signs. Existing
solutions require contact with the victim, for example, palpating the neck or wrist of victim to
measure pulse rate or respiration and/or listening for a heart beat with an ear pressed aganst a
chest. As can be seen from the preceding description, existing triage techniques require
contact. As a result triage cannot be done when contact is prevented by lack of access or when

intervening materials (e.g., biohazards) hamper contact.
SUMMARY

[0003] The disclosure describes a non-contact biometric sensing device. The device
includes a processing device, a user interface communicatively coupled to the processing
device, and a display communicatively coupled to the processing device. The device further

includes a laser doppler vibrometer sensor communicatively coupled to the processing device,

and an infrared camera communicatively coupled to the processing device. The processing
device is programmed to utilize mechanical motion data received from the laser doppler
vibrometer sensor and thermal distributions data from the infrared camera to calculate
biometric data of a target, when signals originating from the laser doppler vibrometer sensor
and the infrared camera are reflected back towards the device from the target. The biometric
data includes at least two of a pulse rate, a respiration rate, and a map of temperature
distribution on the target, the processing device further programmed to generate at least one of

a potential diagnosis for the target and a quantitative measure of target health based on the

biometric data.
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[0004] The device may include a plurality of ranging lasers each configured to

emanate a visible beam for use as an aiming device for the sensing device.

[0005] Signals from the laser doppler vibrometer sensor and the infrared camera may

be configured to emanate from a position between the visible beams of the ranging lasers.

[0005a] The device may include a visible camera communicatively coupled to the
processing device, the processing device programmed to utilize data received from the visible
camera, including the tracking of beams from the ranging lasers, to remove the hand motion
associated with a user of the sensing device from the data received from the laser doppler

vibrometer sensor and the infrared camera.

[0005b] The processing device may be programmed to determine a change in the X
and Y directions between an image sensed by the visible camera and a stored reference image
previously sensed by the visible camera. The processing device may be further programmed
to continually adjust positioning of mirrors associated with the laser doppler vibrometer
sensor, based on the changes in the X and Y directions, to provide a stabilized laser beam

from the laser doppler vibrometer sensor.

[0005¢] The device may include at least one gyroscope communicatively coupled to
the processing device. The processing device may be programmed to utilize data received
from the gyroscopes to remove the hand motion associated with a user of the sensing device

from the data received from the laser doppler vibrometer sensor and the infrared camera.

[0005d] The gyroscopes may be configured to output a pitch rate and a yaw rate that 1s
associated with user handling of the sensing device. The processing device may be
programmed with an algorithm which uses sensed angular rate data to estimate higher-
frequency angular pointing errors and the processing device may be programmed to

continually adjust positioning of mirrors associated with the laser doppler vibrometer sensor,

to remove the hand motion associated with a user of the sensing device.
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[0005¢] The device may include a visible camera communicatively coupled to the
processing device, and a gyroscope communicatively coupled to the processing device. The
processing device may be programmed to utilize data from the gyroscope to cancel-out higher
frequency platform rotations sensed by the gyroscope, the processing device programmed to
utilize data from the visible camera to compensate for lower frequency rotations and X/Y

translations.

[0005f] The processing device may be programmed to utilize a distance, at a target
location, between the laser beams emanating from the ranging lasers and sensed by the visible

camera to determine a distance to the target.

[0005¢] The device may include a plurality of ranging lasers each configured to
emanate a visible beam for use in aiming the sensing device. The device may further include
a visible camera communicatively coupled to the processing device. The laser doppler
vibrometer sensor, the infrared camera, and the visible camera may comprisé lenses
associated with an autofocus function and, the processing device may be programmed to
execute the autofocus function function based on a range to a target as measured using the

visible beams from the ranging lasers.

[0005h] The disclosure further describes a method for sensing biometric parameters
associated with an object without contacting the object. The method involves directing a
plurality of visible laser beams, emanating from a sensing device, onto the object to provide
an aiming function, and causing a signal from a laser doppler vibrometer sensor to emanate
from the sensing device, to impinge the object in the vicinity of the visible laser beams. The
device further includes receiving infrared data from the object at an infrared camera
associated with the sensing device, the infrared data in the vicinity of the visible laser beams,
and utilizing mechanical motion data associated with the object as sensed by the laser doppler

vibrometer sensor and thermal distribution data as sensed by the infrared camera to calculate
biometric data associated with the object, the biometric data including at least two of a pulse

rate, a respiration rate, and a map of temperature distribution on the object.

-9 -
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[00051] The method may involve determining, by a processing device, a first distance
between the visible laser beams at the object, and using the determined first distance to

determine a second distance between the object and the sensing device.

[0005]] Determining the first distance between the visible laser beams at the object
may involve using an image received by a visible light camera to determine the distance

between the laser beams.

[0005k] The method may involve using the determined second distance from the
object to focus the laser doppler vibrometer sensor, the infrared camera, and a visible light

camera.

[00051] Focusing the laser doppler vibrometer sensor, the infrared camera, and the
visible light camera may involve operating respective linear translators to move a lens
associated with each of the laser doppler vibrometer sensor, the infrared camera, and the

visible light camera.

[0005m] The method may involve using a fine steering mirror to stabilize laser beams
emanating from and received by at least two of the laser doppler vibrometer sensor and a

ranging laser that is the source of the visible laser beams.

[0005n] The method may involve utilizing data from a gyroscope within the sensing

device to remove higher frequency rotations of the sensing device from the mechanical

motion data and the thermal distribution data.

100050] The method may involve utilizing data from a visible camera to remove
motion of the sensing device from the mechanical motion data and the thermal distribution

data.

[0005p] The disclosure further describes a non-contact biometric sensing device. The
device includes a plurality of ranging lasers each configured to emanate a visible laser beam,

the ranging lasers oriented such that the visible laser beams converge at a point distant from

_7h -
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the sensing device, the laser beams operable in aiming the sensing device at a target object,
and a laser doppler vibrometer sensor configured to sense mechanical motion associated with
target object. The device further includes an infrared camera configured to sense thermal
distribution data associated with the target object, and a visible light camera operable to
obtain an image of the target object that includes the visible laser beams. The sensing device
is programmed to determine a distance to the target object based upon a distance between the
visible beams and calculate biometric data based on at least one of the mechanical motion
sensed by the laser doppler vibrometer and the thermal distribution data sensed by the intrared
camera. The biometric data includes at least two of a pulse rate, a respiration rate, and a map
of temperature distribution on the target, the sensing device further configured to use the
determined distance to the target to focus the laser doppler vibrometer sensor, the infrared
camera and the visible light camera on the target object, the sensing device further comprising

a portable housing configured for handheld use.

[0005q] The device may include a gyroscope and the sensing device may be
programmed to utilize data from the gyroscope and image data from the visible light camera
to remove effects of movement of the sensing device from data associated with the laser

doppler vibrometer sensor and the infrared camera.

[0006] The features, functions, and advantages that have been discussed can be
achieved independently in various embodiments or may be combined in yet other
embodiments further details of which can be seen with reference to the following description

and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Figure 1 is a depiction of a person using one embodiment of a remote

biometric measuring device to measure vital signs ot another person.

-)C -
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[0008] Figure 2 i1s a block diagram of a non-contact biometric

sensing device.

[0009] Figure 3 1s a top 1sometric view of the non-contact biometric

sensing device of Figure 2.

[0010] Figure 4 1s bottom i1sometric view of the non-contact

biometric sensing device of Figure 2.

[0011] Figure 5 1s a top 1sometric view of an assembled non-contact

biometric sensing device within a chassis.
[0012] Figure 6 1s a block diagram of a pointing stabilization system.

[0013] Figure 7 1s a flow diagram describing operation of the non-

contact biometric sensing device of Figure 2.

[0014] Figure 8 1s a flow diagram of a data pre-processing stage for a

pulse algorithm.

[0015] Figure 9 1s a flow diagram of a model calibration stage for a

pulse algorithm.

[0016] Figure 10 1s a flow diagram of an 1nitial

detection/quantification stage for a pulse algorithm.

[0017] Figure 11 1s a flow diagram of a post-detection processing

stage for a pulse algorithm.
DETAILED DESCRIPTION

[0018] The described embodiments include a handheld emergency
response triage device, for example, to assist 1n the on-scene assessment of victim
status, via standoft assessment of key physiological parameters, the device usable by
personnel wearing PPE. In embodiments, the device combine a laser Doppler

vibrometry sensor with an infrared imaging device, to measure human biometric
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signals without contact, and with a standoft distance between the user and the person
whose biometric signals are being measured. As further described, other
embodiments 1nclude other non-contact physiological measuring methods and
devices. Figure 1 depicts such a device 1n one contemplated use. More specifically,
Figure 1 depicts a first responder 10 to an emergency situation. The circumstances
and types of such emergency situations are nearly unlimited, therefore, for purposes
of this disclosure, the description utilizes the example of a chemical spill or leak.
Embodiments of the described device allow for the evaluation of the physical
condition of accident victims remotely, safely, and accurately, minimizing the risk to

first responders.

[0019] In such situations, the first responder will generally be
wearing some type of personal protection equipment (PPE) that prevents him from
physically contacting a person 20 that has been compromised by the emergency
situation. The emergency situation may be of a nature where physical contact
between the first responder 10 and the person 1s hazardous to the first responder 10.
To address the triage needs of person 20, the first responder 10 1s equipped with a

non-contact biometric sensing device 50.

[0020] Non-contact biometric sensing device 50, 1n various
embodiments, allows the first responder 10 to measure the physiological parameters
of person 20. The measured physiological parameters provide the first responder 10
with 1ndicators of physical condition of person 20, for example, by measuring
mechanical motion with a laser and thermal distributions with an infrared camera. In
such embodiments, the laser 1s able to measure mechanical motion at the surface of
the skin of person 20, due to respiration and heart beat. As shown 1n Figure 1, some
embodiments of non-contact biometric sensing device 50 are handheld devices. Other

portable configurations are contemplated.

[0021] Figure 2 1s a block diagram of one embodiment of non-
contact biometric sensing device 50. Device 50 combines an infrared camera 52, a

visible camera 54 and a laser doppler vibrometer sensor 60. In order to operate in a
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handheld mode, the non-contact biometric sensmg device 50 includes a processing
device 70 which includes programming that operates to remove the motion of the user
(first responder 10). In order to operate over a number of ranges, the non-contact
biometric sensing device 50 includes autofocus methods programmed into the
processing device 70 for the optical sensors. In the 1llustrated embodiment, there 1s an
autofocus device 80 associated with the infrared camera 52, an autofocus device 82
associated with the visible camera 54, and an autofocus device 84 associated with the
laser doppler vibrometer sensor 60. In addition to the autofocus device 84, laser
doppler vibrometer sensor 60 includes a wavetorm generator 100, a solenoid drive
102, a tuning fork/solenoid 104, a laser driver 106, a laser 108 and associated fiber
optics 110. A two-axis fine steering mirror 112 1s mcluded in embodiments of non-
contact biometric sensing device 50 to stabilize laser beams emanating from and

received by laser doppler vibrometer sensor 60.

[0022] In alternative embodiments, additional sensors are integrated
into non-contact biometric sensing device 50 including ranging lasers 120, gyroscopes
130, and a detector amplifier/ADC 140 (analog-to-digital converter). Fine steering
mirror 112 may also be utilized to stabilize laser beams emanating from and received
by ranging lasers 120. Ranging lasers 120 provide visible laser guide beams which
provide an indication for the user of where the sensors of device 50 are pointed. For
example, 1f the visible laser beams are 1impinging person 20 (shown 1n Figure 1) the
user 10 knows that the other sensors (¢.g., visible camera 54, IR camera 52, and laser
doppler vibrometer sensor 60 are also directed to person 20. In certain embodiments,

gyroscopes 130 are MEMS gyroscopes.

[0023] In embodiments, visible camera 54 1s utilized for platform
motion detection and processing device 70 (along with an algorithm running therecon)
uses the information from visible camera 54 to remove the effects of motion of user
10 from the readings received from the other sensors. Similarly, gyroscope 130 1s
utilized to remove the hand motion associated with a user 10. In embodiments, and as
described within the following paragraphs, functions included within non-contact

biometric sensing device 50 include a linear motion detector, display, control buttons,
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an embedded computer, a field programmable gate array and associated firmware
implementation of motion estimation algorithms, mirror controls, and sensor

interftaces.

[0024] Non-contact biometric sensing device 50 further includes a
battery/power subsystem 150, a user interface 160 and a user display 170. The
battery/power subsystem 150 provides power to the other components of the device
50. The user interface 160 1s communicatively coupled to the processing device 70
such that the programming stored therein can react to user mput. The user display
170 1s communicatively coupled to the processing device 70 such that information

from the sensors described herein may be presented to the first responder 10.

[0025] As further described herein, device 50 enables standoft use,
and also allows use by personnel wearing personal protective equipment, which
hampers triage by direct contact methods. Device 50 measures mechanical motion,
and measures temperature distribution, without contact at ranges of about five feet to
about forty feet. Signals from the various sensors are processed by the processing
device 70 to extract pulse rate, measure a breathing rate, and generate a map of
temperature distribution on the human skin. These measurements indicate physical
condition as calibrated with the measurements of physical condition by other contact

methods such as strain belts, EKG and temperature probes.

[0026] Turning now to Figure 3, a top 1sometric view of non-contact
biometric sensing device 50 1s provided. Components that were described with
respect to Figure 2 are shown in Figure 3 using the same reference numerals.
Additionally, Figure 3 illustrates two visible laser drivers 200 and 202 that are
associated with the ranging lasers 120. An optical splitter 210 allows the wavelength
of light associated with the laser doppler vibrometer sensor 60, from auto focus 84 to
pass through to fine steering mirror 112. In the illustrated embodiment, the lenses 220
and 222 associated with autofocus devices 80 (not shown 1n Figure 3), 82, and 84
respectively include a linear translator 224, 226 which moves the respective lens 220,

222 to accomplish the focusing function.
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[0027] Figure 4 1s a bottom 1sometric view of non-contact biometric
sensing device 50 which illustrates the above described IR camera 52, battery/power
subsystem 150 and printed circuit boards 250 which house the processing device 70
(not shown 1n Figure 4 as well as supporting circuits for user interface 160 and
display 170. In embodiments, an autofocus function 1s added to the IR camera 52, as
shown 1n Figure 2. For clarity, the autofocus function is not shown in Figure 4 though
in practice such a function 1s similar to 82 and 84 shown in Figure 3 and 1n

embodiments utilizes a linear translator.

[0028] Figure 5 1s a top 1sometric view of an assembled non-contact
biometric sensing device S0 which includes a chassis 300 further including a plurality
of shock and vibration 1solating bumpers 310 mounted on corners of chassis 300.
Also shown 1n Figure 5 are the display 170 and buttons 320 and 322 on handles 330
and 332 of chassis. Buttons 320 and 322 make up at least a portion of user interface
160. Windows 340 and 342 for the ranging lasers 120 are shown as well as windows

350 and 360 for the infrared camera 52 and the visible camera 54.

[0029] As mentioned above, the above described system 1s operable
for standoff measurement of biometric signals and 1s contemplated to function, at
lcast 1n part, as a standoft triage device for civilian first responders and military first
responders. To provide such functionality, the visible light from the ranging lasers
120 1s utilized by the visible camera 54 to provide data that can be utilized by the
processing device 70 to calculate an auto focus value for operation of the infrared
camera 52 and the laser doppler vibrometer sensor 60. Specifically, the visible
camera 54 sees the two laser beams from ranging lasers 120, measures how far apart
the beams are at an immpact point (¢.g., on person 20 (shown in Figure 1). The
distance between the beams at the impact 1s utilized by the processing device 70 to
determine a distance to the impact point and theretore control the autofocus function
associated with the infrared camera 52, the visible camera 54, and the laser doppler

vibrometer sensor 60.
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[0030] In regard to operation of the laser doppler vibrometer sensor
60, 1t operates through the detection of reflected signals as sensed by
detector/amplifiecr/ADC 140. which passes the detected signals onto the processing
device 70 which 1s programmed to convert the received signals into velocities which
1s then passed to a triage algorithm. In embodiments, the laser doppler vibrometer
sensor 60 has a data rate of about 800 Hz, a frequency resolution of 16 bits (~1 Hz 1n
100 kHz), a signal to noise resolution of 14bits (10 in 10°), a mirror size of about one
inch 1n diameter, a mirror quality of lambda/4, and 1s gold coated. The focus stage
resolution of the laser doppler vibrometer sensor 60, in one embodiment, 1s 3.4
microns 1in 3 mm (.2 Rayleigh range) and the ranging resolution 1s 0.04 1n at 5 ft and

two inches at 40 ft (.1 Rayleigh range).

[0031] As 1s understood by those skilled in the art, non-contact
biometric sensing device 50 1s programmed with several operating modes, which are
activated via the user iterface 160 and executed by the processing device 70, which
cither accesses or includes a memory for storing the istructions utilized 1n operation
of non-contact biometric sensing device 50. In embodiments, a sleep mode 1s
included which operates to conserve battery power by turning the display 170 off,
turning the various lasers off, and putting the processing device 70 into a low power
mode. In a search mode, the display 170 1s on, the lasers are on, a display of the long-
wavelength mfrared (LWIR) tmage provided by IR camera 52 1s provided on display
170, and the beam stabilization afforded by the gyroscopes 130 and visible camera 54

for the laser doppler vibrometer sensor 60 1s mactive and fixed in a neutral position.

[0032] Beam stability for one embodiment of the laser doppler
vibrometer sensor 60 1s about one centimeter. At 40 feet, this stability translates to
about 0.047 degrees or about 820 micro radians. User hand jitter 1s stabilized up to
about 20 Hz which implies a control loop bandwidth of about 2x, or 40 Hz, and a
controller update rate of 10x, or 400 Hz. Beam pointing accuracy of the laser doppler

vibrometer sensor 60 1s about 1 to 1.5 centimeters.
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[0033] Figure 6 1s a block diagram 400 of a pointing stabilization
system and algorithm for device 50. Gyroscopes 130 provide sensing of two-axis
angular rates that are associated with the user handling of the device 50. Rate filters
402 and integrator 404 within processing device 70 convert sensed rates to estimates
of high-frequency platform angular pointing errors. In parallel, a sensed 1mage 406
from visible camera 54 and a stored reference image 408 are subjected to an 1mage
sensor processing algorithm 410 to determine pointing errors due to low-frequency
angular platform motion and two-DOF (depth of field) platform translations. A
position control algorithm 412 determines steering mirror angles to compensate, and
cancel out, such motion. Outputs of the rate filtering 402 and integrator 404
algorithms are combined with the outputs of the position control algorithm 412 and
provided as data to the steering mirror control function 420 which continually adjusts
positioning of the mirror 430 associated with laser doppler vibrometer sensor 60 to
provide a stabilized laser beam. The gyroscopes 130 sense and outputs therefrom are
utilized to cancel-out higher-frequency platform rotations. Concurrently, the camera-
based motion-estimation algorithm compensates for DC-to-mid-frequency platform
rotation and platform translation. The unstabilized guide beams from ranging lasers

120 aid the operator 1n keeping the steering mirror within range limits.

[0034] To further describe operation of non-contact biometric
sensing device 50, Figure 7 1s a flow diagram 450 describing operation of the non-
contact biometric sensing device 50 for the sensing of biometric parameters
associated with an object. Initially, the user directs 452 a plurality of visible laser
beams, emanating from sensing device 50, onto the object to provide an aiming
function. Through user input or programming, a signal 1s caused 454 to be output
from the laser doppler vibrometer sensor 60. The signal emanating from the laser
doppler vibrometer sensor 60 from sensing device 50 thus impinges the object n the
vicinity of the visible laser beams. Infrared data 1s received 456 from the object at the
infrared camera 52 associated with the sensing device 50, where the infrared data 1s
also 1n the vicinity of the visible laser beams. Mechanical motion data associated

with the object as sensed by the laser doppler vibrometer sensor and thermal
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distribution data as sensed by the infrared camera i1s utilized 458 to calculate

biometric data associated with the object.

[0035] In use, the user 10 aims the device 50 at person 20 using the
guide beams from the visible ranging lasers 120, which are the dual, un-stabilized
guide beams, and the measurement location for the infrared camera 54 and the laser
doppler vibrometer sensor 60 1s centered between guide beams. In one embodiment,
the user 10 presses a “lock™ button when guide beams are 1n the vicinity of the desired
measurement location. An 1nitial lock location could be several inches away from
desired location, and the user 10 may utilize fine-adjust controls to move lock-
location from initial to desired location. Alternatively, the user 10 presses a lock
button repeatedly until mitial lock 1s close enough to the desired measurement
location. The user 10 holds the un-stabilized guide beams in the vicinity of the arca
being measured during measurement for a period of time due to limited range on the

fast steering mirror 112.

[0036] In an autofocus mode, a range to the target is measured, based
on the beams provided by the visible ranging lasers 120, focus 1s set, beam
stabilization for the laser doppler vibrometer sensor 60 1s active, and a final LWIR
image 1s acquired. In addition, a patient 1dentifier 1s incremented. In a first acquire
mode, the signal from laser doppler vibrometer sensor 60 1s acquired and displayed,
acquisition of the signal 1s the first attempt to detect a pulse or other signs of life of
person 20. In a second acquire mode, acquisition and display of the laser doppler
vibrometer sensor 60 signal 1s continued, and an attempt to detect respiration as well
as the processing and display of a pulse rate 1s begun. In a third acquire mode,
acquisition and display of the laser doppler vibrometer sensor 60 signal 1s continued,
and an attempt to process and display respiration rate 1s made. In an analyze mode,
beam stabilization for the laser doppler vibrometer sensor 60 signal 1s mactive, while
the processing device continues to analyze collected data to present a diagnosis. A
diagnostic mode 1s used to capture and store raw data for troubleshooting. One or
more of the buttons 320 and 322 are used as an on/off switch and as a switch to

change between the above described operations modes or to select a body part which

_10-
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1s being analyzed (e.g., carotid, chest, other). In embodiments, LEDs may be incorporated to

provide an indication of which mode the device 50 is operating in.

10037]  As described herein, the device 50 is utilized to perform a triage function,
typically to be used by first responders at the scene of an incident or accident. The triage
function can be broken down to establish a timeline hierarchy of analysis. Specifically, the
first 3-5 seconds 1s utilized to detect primitive signs of life, including, displaying of
mechanical motion against time, displaying the image as provided by IR camera 52 as a
colorized map of absolute temperature, and detecting a pulse, as well as including an
indication of confidence and/or signal quality. At 10-20 seconds, respiration mechanical
motion 1s detected while the pulse rate 1s processed and displayed, including an indication of
confidence and/or signal quality. At 30-60 seconds respiration rate is processed and
displayed, pulse quality 1s evaluated, and if possible, a diagnosis is presented and/or a
quantitative measure of patient health (1.e. 0=dead...100=healthy) 1s provided, also including

an 1ndication of confidence and/or signal quality.

|0038]  Figure 8 1s a tlow diagram 500 of a data pre-processing stage for a pulse
algorithm. A velocity signal 1s read 502 by the laser doppler vibrometer sensor 60 which 1s
sampled 504 by the processing device 70, through detector/amplifier 140, and despeckled to
create 506 new output channels including a heart sound channel 510, ‘a maximum velocity
peak detection channel 512, a landmark detection/measurement channel 514, an artifact auto-
detection channel 516 and a respiration channel 518. These channels are passed through

various filters and other processing and the results are written 520 to a file.

[0039] Figure 9 1s a flow diagram 550 of a model calibration stage for a pulse
algorithm. In one embodiment, 15 seconds of data from a pre-processed file (see Figure 8) is
read 552 and maximum likelihood heartbeats are i1dentified 554 using, for example, generic
models from which individualized models are created 556. The models include, in one
embodiment, a heart sounds model 560, a maximum velocity peak detection model 562, a
landmark detection/measurement model 564, and an artifact auto-detection model 566. In

regard to the landmark detection/measurement model 564, 1f the correlation between a current

higher frequency measurement model and the model from the previous 15 second input
211 -
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exceeds 570 a criterion, consecutive models are averaged 572 and stored. If the criterion 1s

not exceeded 570, another 15 seconds of data 1s read 552 and the process continues.

[0040] Figure 10 is a flow diagram 600 of an initial detection/quantification stage
for a pulse algorithm. Initially, 25 seconds of data is read 602 in from a pre-processed signal
file (see Figure 8), in one embodiment, with a three second overlap with the preceding epoch.
"Candidate" beats are identified 604 using cross-correlation between heart sounds input
channel and heart sounds model, for example, when both are down-sampled to 20Hz.
Appropriate maximum velocity peaks and extract epochs are identified 606 if an amplitude of
a maximum velocity peak lies within expected values. Next, extracted epochs are labeled 608
as "detected beats" if correlation with the maximum velocity detection model exceeds a
criterion. Lower and higher frequency landmark detection epochs are extracted 610 and single
beat landmarks (in higher and lower frequency signals) are detected 612 and quantitied.
Models are dynamically updated 614, and epoch points exceeding low and high trequency
"noise" criteria are identified 616. If the end of the input file been reached 618, write 620 all
detections and measurements to and output file. Otherwise read 602 another 25 seconds of

data.

[0041] Figure 11 is a flow diagram 650 of a post-detection processing stage for a pulse
algorithm. Initially, an Inter-Beat-Interval (IBI) distribution 1s computed 652 and incorrect
detections (IBIs too short) and misses (IBIs too long) are modeled 654. Successive epochs
containing incorrect detections are extracted 656, and correlations with higher frequency
measurement model are used to remove incorrect beats. Epochs with missed beats are
iteratively extracted 658 and cross-correlations with higher frequency measurement models
are used to add missing beats. Discontinue if either no new beats are found, or if the number
of iterations exceeds a maximum iteration criterion. An average response across all detections

and

- 12 -
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measure landmarks 1s computed 660 and ensemble averaged responses (ensemble size = 3, lag

= 1) are computed 662. Landmarks are measured and an output file is updated 664.

10042] The description of the different advantageous embodiments has been presented
for purposes of illustration and description, and is not intended to be exhaustive or limited to
the embodiments 1n the form disclosed. Many modifications and variations will be apparent to
those of ordinary skill in the art. Further, different advantageous embodiments may provide
different advantages as compared to other advantageous embodiments. The embodiment or
embodiments selected are chosen and described in order to best explain the principles of the
embodiments, the practical application, and to enable others of ordinary skill in the art to
understand the disclosure for various embodiments with various modifications as are suited to

the particular use contemplated.

10043] While specific embodiments of the invention have been described and
illustrated, such embodiments should be considered illustrative of the invention only and not

as limiting the invention as construed in accordance with the accompanying claims.

.13 -
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY
OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A non-contact biometric sensing device comprising:
a processing device;
a user interface communicatively coupled to said processing device;
a display communicatively coupled to said processing device;

a laser doppler vibrometer sensor communicatively coupled to said processing

device; and.

an 1nfrared camera communicatively coupled to said processing device, said
processing device programmed to uttlize mechanical motion data received from said
laser doppler vibrometer sensor and thermal distributions data from said infrared
camera to calculate biometric data of a target, when signals originating from said
laser doppler vibrometer sensor and said infrared camera are reflected back towards
said device from the target, wherein the biometric data includes at least two of a
pulse rate, a respiration rate, and a map of temperature distribution on the target, said
processing device further programmed to generate at least one of a potential
diagnosis for the target and a quantitative measure of target health based on the

biometric data.

2. The non-contact biometric sensing device according to Claim 1 further comprising a
plurality of ranging lasers each configured to emanate a visible beam for use as an aiming

device for said sensing device.

_ 14 -
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The non-contact biometric sensing device according to Claim 2 wherein signals from said
laser doppler vibrometer sensor and said infrared camera are configured to emanate from

a position between the visible beams of said ranging lasers.

The non-contact biometric sensing device according to Claim 2 further comprising a
visible camera communicatively coupled to said processing device, said processing
device programmed to utilize data received from said visible camera, including the
tracking of beams from said ranging lasers, to remove the hand motion associated with a
user of said sensing device from the data received from said laser doppler vibrometer

sensor and said infrared camera.

The non-contact biometric sensing device according to Claim 4 wherein said processing
device 1s programmed to determine a change in the X and Y directions between an image
sensed by said visible camera and a stored reference image previously sensed by said
visible camera, said processing device further programmed to continually adjust
positioning of mirrors associated with said laser doppler vibrometer sensor, based on the
changes 1n the X and Y directions, to provide a stabilized laser beam from said laser

doppler vibrometer sensor.

The non-contact biometric sensing device according to Claim 1 further comprising at
least one gyroscope communicatively coupled to said processing device, said processing

device programmed to utilize data received from said gyroscopes to remove the hand

motion associated with a user of said sensing device from the data received from said

laser doppler vibrometer sensor and said infrared camera.

The non-contact biometric sensing device according to Claim 6 wherein said gyroscopes
are configured to output a pitch rate and a yaw rate that is associated with user handling
of said sensing device, said processing device programmed with an algorithm which uses
sensed angular rate data to estimate higher-frequency angular pointing errors and said

processing device 1s programmed to continually adjust positioning of mirrors associated

- 15 -
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with said laser doppler vibrometer sensor, to remove the hand motion associated with a

user of said sensing device.

The non-contact biometric sensing device according to Claim 2 further comprising a
visible camera communicatively coupled to said processing device, and a gyroscope
communicatively coupled to said processing device, said processing device programmed
to utilize data from said gyroscope to cancel-out higher frequency platform rotations
sensed by said gyroscope, said processing device programmed to utilize data from said

visible camera to compensate for lower frequency rotations and X/Y translations.

T'he non-contact biometric sensing device according to Claim 2 wherein said processing
device 1s programmed to utilize a distance, at a target location, between the laser beams
emanating from said ranging lasers and sensed by said visible camera to determine a

distance to the target.
The non-contact biometric sensing device according to Claim 1 further comprising:

a plurality of ranging lasers each configured to emanate a visible beam for use in

aiming said sensing device; and

a visible camera communicatively coupled to said processing device, said laser
doppler vibrometer sensor, said infrared camera, and said visible camera comprising
lenses associated with an autofocus function, said processing device programmed to
execute the autotocus function, the autofocus function based on a range to a target as

measured using the visible beams from said ranging lasers.

A method for sensing biometric parameters associated with an object without contacting

the object, said method comprising:

directing a plurality of visible laser beams, emanating from a sensing device, onto the

object to provide an aiming function;
16 -
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causing a signal from a laser doppler vibrometer sensor, to emanate from the sensing

device, to impinge the object in the vicinity of the visible laser beams;

receiving infrared data from the object at an infrared camera associated with the

sensing device, the infrared data in the vicinity of the visible laser beams; and

utilizing mechanical motion data associated with the object as sensed by the laser
doppler vibrometer sensor and thermal distribution data as sensed by the infrared
camera to calculate biometric data associated with the object, the biometric data
including at least two of a pulse rate, a respiration rate, and a map of temperature

distribution on the object.

The method according to Claim 11 further comprising:

determining, by a processing device, a first distance between the visible laser beams

at the object; and

using the determined first distance to determine a second distance between the object

and the sensing device.

The method according to Claim 12 wherein determining the first distance between the
visible laser beams at the object comprises using an image received by a visible light

camera to determine the distance between the laser beams.

The method according to Claim 12 further comprising using the determined second

distance from the object to focus the laser doppler vibrometer sensor, the infrared camera,

and a visible light camera.

The method according to Claim 14 wherein focusing the laser doppler vibrometer sensor,

the infrared camera, and the visible light camera comprises operating respective linear

217 -
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translators to move a lens associated with each of the laser doppler vibrometer sensor, the

infrared camera, and the visible light camera.

The method according to Claim 11 further comprising using a fine steering mirror to
stabilize laser beams emanating from and received by at least two of the laser doppler

vibrometer sensor and a ranging laser that 1s the source of the visible laser beams.

The method according to Claim 11 further comprising utilizing data from a gyroscope
within the sensing device to remove higher frequency rotations of the sensing device

from the mechanical motion data and the thermal distribution data.

The method according to Claim 11 further comprising utilizing data from a visible
camera to remove motion of the sensing device from the mechanical motion data and the

thermal distribution data.

A non-contact biometric sensing device comprising:

a plurality of ranging lasers each configured to emanate a visible laser beam, the
ranging lasers oriented such that the visible laser beams converge at a point distant
from said sensing device, the laser beams operable in aiming said sensing device at a

target object;

a laser doppler vibrometer sensor configured to sense mechanical motion associated

with target object;

an infrared camera configured to sense thermal distribution data associated with the

target object; and

a visible light camera operable to obtain an image of the target object that includes
the visible laser beams, said sensing device programmed to determine a distance to

the target object based upon a distance between the visible beams and calculate
- 18 -
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biometric data based on at least one of the mechanical motion sensed by the laser
doppler vibrometer and the thermal distribution data sensed by the infrared camera,
the biometric data including at least two of a pulse rate, a respiration rate, and a map
of temperature distribution on the target, said sensing device further configured to
use the determined distance to the target to focus said laser doppler vibrometer
sensor, said infrared camera and said visible light camera on the target object, said

sensing device further comprising a portable housing configured for handheld use.

The non-contact biometric sensing device according to Claim 19 further comprising a
ogyroscope, said sensing device programmed to utilize data from said gyroscope and
image data from said visible light camera to remove effects of movement of said sensing
device from data associated with said laser doppler vibrometer sensor and said infrared

camera.

-19 -



CA 02783564 2012-06-07
WO 2011/096957 PCT/US2010/049594

1/11

N

20

10

FIG. 1



CA 02783564 2012-06-07

PCT/US2010/049594

WO 2011/096957

2/11

48!

08
¢S
(8

WSS

POT

0ST

SNO040.LNV
VddWVO ol

SNO040.LNY

VddWVO
J14ISIA S
Sd45V1 ONIONVY

OFT q!

dION3T0S / Md0d
ONINNML

SNO040.1NV ‘

8
09~ 80T

WILSASEANS YIMOd / Ad3LLvd

JOVIYl
JONVY

g

/|

SOUAD
T~

/,A
uo<a_>_< l
Or1 MO1D313d dIDNVIVE

1J
SOILdO dd4Id 43SV - JAIJA 445V
JAIdd r_o._.,qw_m_zm_w—

\| atoNT10S uzmohzss _

90T

os—"

NOILVZITIAVLS

SNOO0401NV
oA

(40SS3ID0YUd/VOdH)

ONILNdIWOD

AV1dSId
041
JOV44d3LNI
b ENYI 09T

0L

¢ Il



00000000000000000000
WO 2011/096957 PCT/US2010/049594

FIG. 3



FIG. 4

00000000000000000000

PCT/US2010/049594




FIG. 5

170

00000000000000000000

PCT/US2010/049594



CA 02783564 2012-06-07

PCT/US2010/049594

WO 2011/096957

SIWVdd JdIND
AdZI'Iav.iSNN

V i>o

- ——

NVY3g AQT A3ZIIGV.LS ._

6/11

1

09

OCl

10d1LNQOD
JdOUdIIN

ONIY341LS

Ocv

JINV a4

JONIYI4T
AHOW3IN
80~ SR
N¥O41Y1d 319VLSNN
ONISSIDOUd
JOSN3S JOsN3s 20v
A o1 AL 3OVINI
OULNOD MW aw
NOLLISOd| vyywyyg |7 c
ONILNIOd
S NEIIE OYAD
T JIVY | <3ivy | SIXV-T
AV INONY
b0t @3SN3IS 0T
0%

9 DI



CA 02783564 2012-06-07
WO 2011/096957 PCT/US2010/049594

//11
FIG. / 450
Ve

DIRECT VISIBLE LASER BEAMS 452

FROM SENSING DEVICE ONTO
OBJECT AT LEAST IN PART TO
PROVIDE AN AIMING FUNCTION

CAUSE SIGNAL FROM LASER 4

DOPPLER VIBROMETER SENSOR
TO IMPINGE OBIJECT IN THE
VICINITY OF THE VISIBLE LASER
BEAMS

456
RECEIVE INFRARED DATA FROM

THE OBJECT AT AN INFRARED
CAMERA ASSOCIATED WITH THE

SENSING DEVICE, THE INFRARED
DATA ORIGINATING IN THE
VICINITY OF THE VISIBLE LASER
BEAMS

UTILIZE MECHANICAL MOTION 458
DATA ASSOCIATED WITH THE
OBJECT AS SENSED BY THE
| ASER DOPPLER VIBROMETER
SENSOR AND THERMAL
DISTRIBUTION DATA AS
SENSED BY THE INFRARED
CAMERA TO CALCULATE
BIIOMETRIC DATA FOR
ASSOCIATION WITH THE
OBJECT




CA 02783564 2012-06-07

PCT/US2010/049594

WO 2011/096957

8/11

ZH +'0 > dNVd
S5SVd 441114
S5SVd MO

q

T1dANNVHO
NOILVAdIdSdd

315~ A

3114 OL STANNVHO

ozs—— d4ddl 13 ANV d3MD3dS3A ‘AT TdWVS-TY ILTIM

J9SW OG=be| 2asw pg=Dbej

SIVAY41INI S ITVAYHLNI
J9SW 008 J9SW 008

J1VAO4INI  Jd1VAD4LNI

] i

ZH 09 < ZH ¢ > ZH Syl > ZH 0C >
ANVd SSVd dNVva SSVd  dNVd SSVd  dNVd SSYd
dd1 11 dd1 114 dd1 11 dd1 11

S5SVd HOIH  SS5Vd MO S5SVd MO1  SS5Vd MO

] ] 1 ]

ANINOTIHd ADNINOTIH4  ADNINOFY4 ADNINOIFYA

ZH 0T >
ANV4 S5Vd
dd1 114
5SVd MO

T
ZH §°0 < ANVd SSvd

ddHIIH ddMO'1 ddHDIH ddMO'] d41114 m%qn_ HOIH
T3INNVHO STANNVHO TANNVHO
NOI1O414d-0OLNV 1NIWIINSYIW/NOILD3L3A NOILO414d Avdd
LOVdLLAY \v_,n_<_>_n_z<|_ ALIDO TIA WANWIXVIA
9TS ? P18 T 215”7 7

90G-—— S 1ANNVHO 1Nd1NO MIN J1vV3d)

|

LOC—— IDIDASIA ANV ZHAT LY T1dIWYS-3Y

i

206—— TYNOIS ALIDOTIA AQT NI Av3Y

00T
A9 AldILTN
ANV AJILO4Y

T

ZH ST > ANVd
SSVd 441114
5SVd MO

T

ZH 0¢ < dNV4d SSvd
dd1 114 SS5Vd HOIH

]

1dANNVHD
ANNOS LdVviH

015~ 4

8 DI



CA 02783564 2012-06-07

PCT/US2010/049594

WO 2011/096957

9/11

7/ G- d4d01S ANV S1ddOW JAILNOASNOD 4DVI4AV

|
ON \/ S3A

1

(NOT™ELT™D dd40Xd HOOdS LNdNI 995 ST SNOIAJdd dHL WOdY4 14d0IW dHL ANV
13A0OW INFWIFINSYIW "OF™4 ¥IHOIH INFHIND NIIM1LIFG NOILY1FHIOD S30A ~—~0/S

S IVAY41NI STVAY4LNI
1v49-NON 1v49-NON

ONIAENA ONIANAd
S1dAdT S1dAd T
4SION 4SION

'OFY4 HOIH  "OF¥d MO
J31VINILST J31VYIWILST

1 T

AONINOTId  ADNINOT YA
J3AHSOIH JAMOT

r_L

NOILO414d-OLNV

1OV Y
995”7,

|

JANNYHD TANNYHD
INIWTINSYAW LNIWIUNSYIN
‘O3Y4 ‘O3Y4
HOIH NI S1v3dg MOT NI SLvag TAINNYHD
AOOHT 1INT ' AOOHT 1INTT NOILD313q TYNDIS
XVIN IOVHIAY XYW IOVHIAY  Wvad ALDDOTIA SANNOS IMVEK
J19WISN3 319 WIASNS NI S1v3ag NI S1v34
Nw Nﬁ ~GOOHITIT AOOHTII
MONINOTYd  ADNINOIA XVIW 3OVEINAY XYW IDVHIAY
Y3HOIH HaAMOT Emzﬂmmﬁ J19W3SN3
INIWIYNSYIW/NOILDIALIAA NOILLDA13d Mvad SANNOS
NYYWANYT ALTDOTIA WNIWIXYIA _ 1dvaH
b9s” A 29c A 0957~ ,

,
ST14AOW d4ZTTVAAIAIANI 41V4dD

T

S 13A0OW OTd4AN4D DNISN SLVIE1dVaH AOOHTIIIATT-WNIWIXVIN AJILNAAI ~—~,cc

> 4114 TYNDIS ddS5300dd-ddd WO™UH V1vd 40 995 ST NI dvdd ~—~7GG

3
6 JI4



PCT/US2010/049594

CA 02783564 2012-06-07

WO 2011/096957

079 3114 1Nd1NO OL SAdNSVIIN ANV SNOILD4L13d TIV d1TdM

¢d4dHOVdd N349 4114 LNdNI 40 dNd SYH

10/11

819
(STYNDOIS ADNINOIYA VIYALTYD
SHO0d3 NOLLO414d ¥IMO1 ANV ¥IHOIH JSION. AONINOT -
MUYINANYT ND SHMYINANYT LY3g S13A0W 31vadn
'O3Y4 YIHOIH ANV ATIVOIWVNAQ FIDAH GV MO
SEMOT 11 J19ONIS AJILINVYNO ONIA33IDX3 SINIOJ
ANV 103133 LTO HOOd3 A4ILN3AIL
0T9 19 919
SANTVA (zH
NOTYILTYD a3adx3 A3103dX3 NIHLIM 0¢ OL A31dIWVS-NMOAd
13A0W NOILD313d S311 )V3ad ALIDO13A H104) 13d0W SANNOS :.__wwu,ﬂ wﬁmw\u&%
ALIDOT3AA "XVYIW HLIM XYW 40 3ANLITdINY 1¥VY3IH ANV TINNVYHD 595 €) T TYNDIS
NOILY13YHOD 4l 41 SHO0Od3 1NdANI SANNOS A3SSTOOMA-THd
809 | ,sivag a3aloalaa, 1OVYLX3 ANV SV 1¥VaIH N3IMLAG

WOYUd V1VQ

SV SHOOdAH ALIDO TAA WNIWIXVIA 40 29S 67 NI av3ay

dd1LOVdlXd 149V 31VIddOdddV
AdI1INAd]

oooix\\\\ 909 09

NOILVY 14dd00-550d0
ONISN S1vdd
wJ1VAIANVO, AJILNSdI ¢09

O DI



CA 02783564 2012-06-07

PCT/US2010/049594

WO 2011/096957

11/11

SHUYINANYT
IHNSYIN any (1 = be

‘e = 371S 319INISNI)
SASNOASIY AIOVHINY
J19WISNT LNdINOD 799

99

3114 1.NdLNO J41vddn

NOTYILTYD NOILYYILI
"XVIN SA33DX3 SNOILVYILT
40 # YO ‘ANNO4 YV S1v3ad
M3IN ON ¥3HLI3 41 INNILNODSIA
'S1v3agd ONISSIW Adv OL 13dO
INIWFINSYIW ADNINOTYH YIHOIH
HLIM SNOILY13440D-SSOUD
099 3SN ANV S1v3g Aa3asSIA H1IM

SHAVINANY'1 NSV
ANV SNOILD414d

11V SSOUOV ASNOdSId
JOVIAAY 4LNdINOD

S1v3d 1DIYYOONI JAONIY
OL1 13A0I INIFWIYNSYIN
AININOTYH JIAHODIH HIIM

SNOILLY13YY0D 3SN ‘SNOILD3I13A
1DFYHYOONI ONINIVLINOD
SHDOd3 JAISSIDDONS 1DV 1 X3

SHOOdT 10Vd1Xd ATIALLVYAL] 9G9

359

(DNOT1 001 s19I) SASSIW ANV (LYOHS O0. SI191) SNOILDALIA 1DIYYOINI 13A0OW

759
NOILNATY1SIA (191) IVAYILNI-1¥3Ig-¥3ILINI 3LNdWNOD

59



50




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - abstract drawing

