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Description

FIELD OF THE INVENTION

[0001] The present technology pertains to object de-
tection systems, and more particularly, but not by limita-
tion, to systems that are configured to detect the pres-
ence of objects in an illuminated interaction volume to
determine object counts, object size, object movement,
and so forth.

BACKGROUND OF THE INVENTION

[0002] Different systems for detecting objects are al-
ready known in the art. For example, Japanese Patent
Application Publication No. JP 09094048 A1 describes
an apparatus for detecting small vermin such as cock-
roaches. A passing path for the cockroaches is formed
on the bottom of a case and a light-emitting device and
a light-receiving device are placed at the opposite posi-
tions crossing the passing path. The light-emitting device
is intermittently actuated with an oscillator. The output of
the oscillator and the output of the light-receiving device
are detected by a synchronous detection circuit. A timer
circuit is actuated by the output of the synchronous de-
tection circuit when both outputs are in disagreement and
the number of cockroaches is counted from the counting
number of the timer circuit.
[0003] In the article "Quantifying the Movement of Mul-
tiple Insects Using an Optical Insect Counter" in the Jour-
nal of the American Mosquito Control Association, an
optical insect counter was designed and tested. The sys-
tem integrated a linescan camera and a vertical light
sheet along with data collection and image-processing
software to count flying insets crossing a vertical plane
defined by the light sheet. The system was successfully
tested with a preliminary experimental protocol for deter-
mining whether groups of flying mosquitoes preferred or
avoided attractants and repellents in a flight tunnel. The
optical insect counter counted the number of mosquitoes
that crossed the light sheet and recorded the horizontal
position and time each insect passed through the light
sheet. The system provides a straightforward and reliable
method for measuring and recording spatial and temporal
information for insects that pass through an established
plane.
[0004] Further, U.S. Patent Application Publication No.
US 2013/0170705 A1 discloses methods of detecting
particles.

SUMMARY

[0005] The present invention is defined in claim 1. Par-
ticular embodiments are set out in the dependent claims.
[0006] The present technology is directed to an object
detection system, comprising: (a) an enclosure formed
by a sidewall to define an interaction volume; (b) at least
one light source for illuminating the interaction volume

with a light; (c) at least one light sensor that senses dis-
turbances in light intensity due to scattering, reflection,
or absorption of the light by objects within the interaction
volume; and (d) a controller that is configured to detect
an object or object behavior within interaction volume
based on the disturbances in the light intensity.
[0007] The objects sensed are insects. The controller
is configured to time stamp signals received from the at
least one light sensor. The controller is further configured
to detect and record a sequence. The sequence com-
prises a first time at which an insect is not present in the
interaction volume, a second time at which an insect is
present in the interaction volume, and a third time at
which the insect is not present in the interaction volume.
Detecting the sequence indicates a count of an insect in
the interaction volume.
[0008] Some embodiments include the controller being
further configured to: (1) modulate a frequency of the at
least one light source to account for ambient light in the
interaction volume; and (2) detect interactions by the in-
sects within the interaction volume by: (i) detecting mod-
ifications of the modulated light by the objects; and (ii)
differentiating the ambient light from the modulated light
through signal processing.
[0009] In one embodiment, a modulation frequency is
chosen to be above a frequency of fluctuations or oscil-
lations of the ambient light.
[0010] In another embodiment, differentiating the am-
bient light from the modulated light through signal
processing comprises suppressing a constant or variable
background signal caused by an ambient light source,
wherein the background signal comprises frequencies in
the range of approximately 0 Hz to approximately 120
Hz, inclusive.
[0011] In yet another embodiment, the at least one light
sensor comprises at least one of: (A) a bright field sensor
disposed in a location inside or near the sidewall of the
illuminated volume so as to allow the light to contact the
bright field sensor, the bright field sensor indicating a
reduction in the light intensity of the light; and (B) a dark
field sensor disposed in a location inside or near the side-
wall of the illuminated volume so as to prevent the light
from contacting the dark field sensor, the dark field sensor
indicating an increase in the light intensity of the light.
[0012] In one embodiment, the controller is further con-
figured to detect a size of the objects.
[0013] In some embodiments, the at least one light
source comprises a plurality of light sources. The con-
troller is further configured to modulate a frequency of
light emitted by each of the plurality of light sources such
that the frequency of each of the plurality of light sources
is different from one another.
[0014] According to some embodiments, the system
further comprises an attracting light source.
[0015] In yet another embodiment, the at least one light
sensor is positioned in a location comprising any of: (1)
a location suitable for sensing light that passes through
and exits the interaction volume; (2) a location suitable
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for sensing light scattered or reflected but not light pass-
ing through and exiting the interaction volume; and (3) a
location for sensing the light intensity present in the in-
teraction volume.
[0016] In some embodiments, the at least one sensor
has a spectral sensitivity response with a maximum near
a peak emission of a light source.
[0017] In one embodiment, the at least one light sensor
comprises a plurality of light sensors, wherein each of a
plurality of light sensors has a maximum sensitivity near
a peak emission of at least one of a plurality of light sourc-
es.
[0018] In one embodiment,
the controller is further configured to calculate a wing
beat frequency of an insect by detecting a waveform of
light that is resultant from a modulation of light intensity
by the wing beat frequency.
[0019] In one embodiment,
the controller is further configured to calculate a wing
beat frequency of an insect by: (1) modulating the light
intensity of the at least one light source with a carrier
frequency that is higher than the wing beat frequency of
the insect to create a modulated waveform; and (2) de-
tecting a waveform of light that is resultant from a mod-
ulation of the carrier frequency by the wing beat frequen-
cy.
[0020] In an embodiment, the controller comprises an
envelope filter that removes the carrier frequency from
the modulated waveform.
[0021] In some embodiments, an inner surface of the
enclosure is a retro-reflective surface reflecting the light
emitted by the light source.
[0022] In yet other embodiments, the interaction vol-
ume comprises a funnel and a trap disposed on opposing
ends of the interaction volume.
[0023] In one embodiment, the at least one light source
comprises any of a light emitting diode, a line laser, or
combinations thereof.
[0024] According to some embodiments, the at least
one sensor comprises any of a photodiode, a phototran-
sistor, a charge coupled device, a position-sensitive de-
tector, a solar cell, a photovoltaic cell, an antenna, a ther-
mopile, or any combinations thereof.
[0025] In one embodiment, at least one light sensor
comprises an array comprising a plurality of individual
photodiodes, the plurality of individual photodiodes being
electrically coupled in series, at least one of the plurality
of individual photodiodes is masked by an object so as
to receive less light than non-masked ones of the plurality
of individual photodiodes in order to reduce a current
through the array, which results in an increase in a sen-
sitivity of the non-masked ones of the plurality of individ-
ual photodiodes.
[0026] In one embodiment, at least one light sensor
comprises an array comprising a plurality of individual
photodiodes, the plurality of individual photodiodes being
electrically coupled in parallel, at least one of the plurality
of individual photodiodes is masked so as to receive less

light than non-masked ones of the plurality of individual
photodiodes in order to reduce a current through the ar-
ray.
[0027] The present disclosure is also directed to an
object detection system comprising: (a) a light source
comprising a linear array of light emitting devices; (b) a
light sensor comprising at least one linear array of pho-
todiodes and at least one linear array of solar cells,
wherein at least one of the solar cells is masked so as
to receive less light than non-masked ones of the solar
cells in order to reduce a current through the array, which
results in an increase in a sensitivity of the non-masked
ones of the solar cells; (c) an interaction volume defined
by a space between the light source and the light sensor,
wherein the space between the light source and the light
sensor allows for uniform light intensity throughout the
interaction volume; and (d) wherein the light sensor sens-
es disturbances in the light intensity indicative of a pres-
ence of an object in the interaction volume.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The accompanying drawings, where like refer-
ence numerals refer to identical or functionally similar
elements throughout the separate views, together with
the detailed description below, are incorporated in and
form part of the specification, and serve to further illus-
trate embodiments of concepts that include the claimed
disclosure, and explain various principles and advantag-
es of those embodiments.
[0029] The methods and systems disclosed herein
have been represented where appropriate by conven-
tional symbols in the drawings, showing only those spe-
cific details that are pertinent to understanding the em-
bodiments of the present disclosure so as not to obscure
the disclosure with details that will be readily apparent to
those of ordinary skill in the art having the benefit of the
description herein.

FIG. 1 is a schematic diagram of an example object
detection system of the present technology.
FIG. 2 is a schematic flow diagram of an example
controller and object detection method for use in ac-
cordance with the present technology.
FIG. 3 is a schematic diagram of another example
object detection system of the present technology.
FIG. 4 is a schematic flow diagram of another exam-
ple controller and object detection method for use in
accordance with the present technology.
FIG. 5 is a schematic diagram of another example
object detection system of the present technology.
FIG. 6 is a schematic diagram of yet another example
object detection system of the present technology.
FIG. 7 illustrates a plurality of example light sources.
FIG. 8 illustrates a plurality of example light detec-
tors.
FIG. 9 illustrates a selection of an example light
source and an example light detector for use in an
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object detection system.
FIG. 10 is a top down view of an object detection
system using the example light source and example
light detector of FIG. 9.
FIG. 11 is a perspective view of the object detection
system of FIG. 10.
FIG. 12 is a light intensity model of the object detec-
tion system of FIGS. 10-11.
FIGS. 13 and 14 are graphs illustrating the detection
of insects (e.g., objects within the object detection
system of FIGS. 10-11.
FIG. 15 is a diagrammatic representation of an ex-
ample machine in the form of a computer system
that can be used to implement aspects of the present
technology.

DETAILED DESCRIPTION

[0030] The present disclosure is now described more
fully with reference to the accompanying drawings, in
which example embodiments of the present disclosure
are shown. The present disclosure may, however, be em-
bodied in many different forms and should not be con-
strued as necessarily being limited to the example em-
bodiments set forth herein. Rather, these example em-
bodiments are provided so that the disclosure is thorough
and complete, and fully conveys the concepts of the
present disclosure to those skilled in the art. Also, fea-
tures described with respect to certain example embod-
iments may be combined in and/or with various other
example embodiments. Different aspects and/or ele-
ments of example embodiments, as disclosed herein,
may be combined in a similar manner. Further, at least
some example embodiments may individually and/or col-
lectively be components of a larger system, wherein other
procedures may take precedence over and/or otherwise
modify their application. Additionally, a number of steps
may be required before, after, and/or concurrently with
example embodiments, as disclosed herein. Note that
any and/or all methods and/or processes, at least as dis-
closed herein, can be at least partially performed via at
least one entity, at least as described herein, in any man-
ner, irrespective of the at least one entity have any rela-
tionship to the subject matter of the present disclosure.
[0031] In agriculture and public health, surveillance of
insects with respect to species and abundance is impor-
tant. There are many insects that are pests (damaging
property and crops), nuisances (causing discomfort to
people and animals), disease-causing vectors, or a com-
bination. Vectors transmit microorganisms that cause
disease or otherwise harm people, animals, crops and
beneficial plants. Only female insects needing blood
meals to reproduce bite humans and transmit disease.
Of particular concern are malaria, Dengue fever, West
Nile Virus, elephantiasis and many other serious and of-
ten fatal diseases.
[0032] Currently, insect surveillance is done by ento-
mologists manually counting insects caught in traps. This

approach is time-consuming, labor-intensive and costly.
Moreover, it does not provide real-time data, i.e. there
are delays until appropriate action can be taken. Also,
the data density is usually sparse.
[0033] A good example is given by the recent appear-
ance in the US of an important disease vector, the mos-
quito species aedes aegypti. This mosquito is not indig-
enous to the US and is of great concern because of its
ability to transmit dengue fever and its adaption to human
habitation. Mosquito control agencies desire to eradicate
the mosquito before it has a chance to get established
and spread from the initial area of introduction. The proc-
ess is to set up traps around a location where the invading
mosquito species was found, attempt to determine how
far it has spread, and apply chemicals to kill adults and
larvae in targeted areas. Other control measures include
reducing breeding grounds such as standing water in
containers around houses. The efficacy of treatment is
confirmed by trapping. Unfortunately, only a few (often
less than 10) traps are typically used in areas that may
cover many square miles. This is due to the labor required
for setting traps, retrieving the catch and taking it to a
laboratory for counting and classification. Furthermore,
surveillance of the population over extended periods of
time to optimize control measures and verify their efficacy
is often not possible due to budget constraints.
[0034] While most mosquito control measures involve
applying chemicals that kill adults or larvae, alternative
biological methods are currently under development.
These methods involve the breeding and release of male
mosquitoes that have been modified to render eggs un-
viable or to produce sterile offspring. The concept is that
the released male mosquitoes compete with wild males
and mate with at least a portion of the wild female pop-
ulation thus reducing offspring capable of transmitting
disease. Repeated releases gradually reduce the wild
population until it gets so small that either effective dis-
ease transmission is no longer possible, or the mosquito
population collapses or remains at a very low level. These
methods depend on the release of modified males only;
females are not desired and detrimental to the effort. One
strategy is to sort young adult mosquitoes, and eliminate
females, before release. This process is currently based
on size or weight differences between male and female
mosquito larvae and much less than 100% accurate. A
detector capable of differentiating males and females in
combination with a sorting device to separate females or
a killing device to kill them would solve this problem. Mos-
quito sex can be determined by measuring wing beat
frequency. Typical mosquito wing beat frequencies are
around 1 kHz, differing by species, sex, age and other
factors. However, given just one species and controlled
conditions, the difference in wing beat frequency (lower
in females) can be used to positively identify females and
eliminate them from the population of biologically modi-
fied mosquitoes to be released.
[0035] While effective traps exist to attract and catch
insects, no devices to count, classify or sort insects au-
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tomatically are currently available in the marketplace. It
is therefore desirable to provide an object detection sys-
tem (ODS) which can be used to count insects, and to
provide information about wing beat frequency, size and
anatomical features of the insect as well as other biolog-
ical or environmental parameters. Moreover, it is desir-
able to provide an object detection system that has com-
munication means to remotely report at least the number
of detected objects such as insects, and is in communi-
cation with trapping, sorting or killing means for at least
a portion of the detected insects.
[0036] In some embodiments, the present technology
provides a volume of space is irradiated with light from
a light source. Objects in the volume of light (for example,
flying insects) modify the light intensity by absorbing,
scattering and reflecting light, resulting in a change of
light intensity in the volume ("bright field") and outside
the volume ("dark field"). A light-sensitive detector com-
prising multiple light-sensitive elements is placed in a lo-
cation suitable for detecting light from the volume. The
light-sensitive detector is connected to a means for signal
processing for object presence determination. When ob-
jects enter the volume of space from one direction and
thereafter leave it in the same or another direction, the
detector records a sequence of transitions of the object
presence signal that is used for counting the objects. If
the objects are insects, the detected light also carries
information about biological parameters that is extracted
by signal processing and allows classification. The de-
tection system is in communication with a database and
a cell phone or computer user or other means capable
of taking an action.
[0037] The term "light" is used to refer to the electro-
magnetic radiation used in the invention. Commonly,
"light" designates electromagnetic radiation in the ultra-
violet (UV), visible, infrared (IR) and microwave part of
the electromagnetic spectrum. Light in all these spectral
ranges may be used in the present technology.
[0038] These and other advantages of the present
technology are described with reference to the collective
drawings.
[0039] Referring now to FIG. 1, an example object de-
tection system 100 (also referred to as device 100) is
illustrated. The system generally comprises an interac-
tion volume 102 and a controller 104.
[0040] In some embodiments, the system 100 accord-
ing to the present technology comprises at least one light
source, an interaction volume, at least one light sensor,
and means for analog-to-digital conversion, signal
processing, counting, and data communication. Another
attribute of the system is that has the ability to attach time
and date stamps to all recorded data, and is in commu-
nication with a remote database or human operators. In
some embodiments, the system 100 comprises means
to take an action such as trapping, killing, identifying or
sorting, if the objects are insects.
[0041] According to some embodiments, the interac-
tion volume 102 includes open ends 102A and 102B that

allow for the passage of objects, such as mosquitos 101,
103A, and 103B through the interaction volume 102. In
some embodiments, air passes through the interaction
volume 102 in a direction D.
[0042] In some embodiments, the interaction volume
102 is an enclosure formed from a sidewall 106. The
sidewall 106 can be continuous or comprised of sidewall
segments in some embodiments. The sidewall 106 illus-
trated forms a cylindrical enclosure although other
shapes are also likewise contemplated for use in accord-
ance with the present technology. The enclosure defines
a three dimensional volume. Again, the volume illustrated
FIG. 1 is cylindrical, but other three dimensional shapes
such as a cone, a cube, a pie wedge, a box, a cuboid, or
even an irregularly shaped three dimensional volume.
[0043] In one embodiment, the interaction volume 102
contains a plurality of smaller volumes that are overlap-
ping, adjacent or separated by small volumes of space.
[0044] In some embodiments, the interaction volume
102 has a cross section and a height, with height being
the smallest of three dimensions. The cross section is at
least one centimeter squared and the height is at least
one tenth of a millimeter.
[0045] In some embodiments, the sidewall 106 is man-
ufactured from a transparent or semi-transparent mate-
rial. In another embodiment, the sidewall 106 is manu-
factured from an opaque material. In yet other embodi-
ments, the sidewall 106 is manufactured from sections
of transparent material and opaque material. The exact
configuration of the sidewall 106 depends upon the light
sources and light sensors used for the device 100, as
will be described in greater detail below.
[0046] In some embodiments, the device 100 includes
a light source 108 and a light detector or sensor 110.
Both the light source 108 and light detector 110 are po-
sitioned in association with the device 100. The exact
position of both the light source 108 and light sensor 110
depend upon the composition of both the light source
108 and light sensor 110.
[0047] In some embodiments, the light source 108 is
a light emitting diode (LED) or an array of LEDs that emit
light through the sidewall 106. The LED(s) light will emit
light at a particular frequency or range of frequencies.
Thus, the light sensor 110 is disposed on an opposing
side of the sidewall 106 and is configured to measure
light relative to that frequency or frequencies.
[0048] In another embodiment, the light source 108
comprises an illuminated strip of LEDs, or a backlight
similar to light sources used in flat panel displays or car
instrument panels.
[0049] In one embodiment, the light source 108 is a
light emitting laser. For example, the light source 108
could comprise a line laser.
[0050] In one embodiment, the light source 108 emits
light in the UV or visible range. In one embodiment, the
light source 108 emits light in the infrared (IR) range. IR
light is present in an ambient light background at a level
lower than visible or UV light and thus IR illumination
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facilitates background suppression. Also, certain insects
such as mosquitoes do not perceive IR light, so an IR
light emitting source can be used in embodiments where
the system 100 is configured to detect mosquitoes.
[0051] The light emitted by the light source 108 can be
shaped by means such as lenses, reflectors, line gener-
ators and diffusers. For example, the device 100 can in-
clude a light shaping member 112 that can include any
combination (or one of) lenses, reflectors, line generators
and diffusers - just to name a few.
[0052] In one embodiment, the light emitted from a light
source is distributed throughout the interaction volume
102 using at least one light shaping member 112 selected
from a list comprising lenses, Fresnel lenses, cylindrical
lenses, mirrors, reflectors, retro-reflectors, filters (com-
prising high-pass, low-pass, band-path and dichroic),
beam blocks, beam splitters, apertures, beam dumps,
shutters, absorbers, diffusers and laser line generators.
[0053] Objects in the interaction volume 102 interact
with the light produced by the light source 108. Example
modes of interaction comprise absorption, reflection and
scattering. The light interaction/modification results in
change in an intensity of light from the light source 108,
such as a reduction in light intensity. Again, at least one
light sensor 110 is placed in a location suitable for de-
tecting the change in light level within the interaction vol-
ume 102.
[0054] In one embodiment, the light source 108 emits
a collimated beam (for example, a laser spot) or a thin
sheet of light (for example, a laser line). In another em-
bodiment, the light source 108 resembles a floodlight
emitting light into a range of angles (for example, an
LED).
[0055] The light sensor 110 can include one or a plu-
rality of light sensors. In some embodiments, the light
sensor 110 comprises at least one light-sensitive element
that is placed in at least one location relative to the en-
closure. In one embodiment, the location where the light
sensor is located is suitable for sensing light that passes
through and exits the enclosure. In another embodiment,
the location where the light sensor is a location suitable
for sensing light scattered or reflected, but not on a
straight line between the light source 108 and the light
sensor 110 disposed near an exit of the enclosure. In yet
another embodiment, the location where the light sensor
110 is located is selected for suitable sensing of the light
intensity present within in the enclosure.
[0056] In some embodiments, the light sensor 110
comprises a light-sensitive element chosen from the list
comprising photodiodes, phototransistors, charge cou-
pled devices, position-sensitive detectors, solar
cells/panels, antennas, and thermopiles. In one embod-
iment, a light sensor 110 comprises a single light-sensi-
tive element (for example a photodiode or phototransis-
tor). In one embodiment, a light sensor 110 comprises a
linear array of light-sensitive elements (for example: a
photodiode array). In one embodiment, a light sensor 110
comprises an imaging device such as a two-dimensional

matrix of light-sensitive elements. Image sensors may
be of the type used in consumer electronics (e.g., cell
phones cameras) and based on photodiodes, charge
controlled devices, or complementary metal oxide sem-
iconductor pixels. Another light sensor 110 is a high-
speed camera. In one embodiment, a light sensor 110
comprises a spectrometer. In one embodiment, a light
sensor 110 comprises a line scan camera. To be sure,
combinations of these various light sensors can also like-
wise be utilized. Again, the exact type of light sensor(s)
selected will depend upon the light source(s) utilized and
the type of objects being sensed.
[0057] To be sure, there are many locations that can
be chosen to position a light source and a light sensor
relative to the interaction volume 102, in part depending
on the configuration of the object-detecting device such
as the shape of the interaction volume 102, and the com-
bination with a device to sort the objects according to a
property of the object.
[0058] In one embodiment, the spectral sensitivity re-
sponse of a light sensor has a maximum near the peak
emission of a light-emitting element. In one embodiment,
each of a plurality of light-sensitive elements has maxi-
mum sensitivity near the peak emission of at least one
of a plurality of light-emitting elements. In one embodi-
ment, a light sensor is equipped with a filter to transmit
the wavelength of a light-emitting element. In one em-
bodiment, a plurality of light sensing elements senses
light from light-emitting elements with different modula-
tion frequencies.
[0059] When the light sensor 110 is continuously illu-
minated by a light source 108, an object entering the
interaction volume 102 will modify the light intensity. A
modification of the light intensity includes, in some in-
stances, a reduction of light intensity at the light sensor
110. This change in intensity is resulting from the light
sensor 110 operating in bright field mode.
[0060] Since an object can enter the interaction volume
102 at any location, either focusing or reflecting optics
are needed if the light sensor 110 has a small area. An
example photodiode has an active area of about seven
square millimeters. The present technology, in some em-
bodiments, employs a large-area detector to eliminate
the need for such optics.
[0061] The light source 108 and light sensor 110 are
both controlled by the controller 104. In some embodi-
ments, the controller 104 comprises a processor 105, an
analog signal processor 1 14, an analog to digital con-
verter 116 (also referenced as A/D converter 116), a dig-
ital signal processor 118, a count and other parameters
module 120, a local data storage 122, a data communi-
cation interface 124 (also referenced as a communication
module 124), a remote database 126, an end user com-
puter 130, and an action module 132.
[0062] As used herein, the terms "module" and/or "en-
gine" may also refer to any of an application-specific in-
tegrated circuit ("ASIC"), an electronic circuit, a proces-
sor (shared, dedicated, or group) that executes one or
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more software or firmware programs, a combinational
logic circuit, and/or other suitable components that pro-
vide the described functionality.
[0063] In some embodiments, the controller 104 con-
trols the light source 108 to emit light into the interaction
volume 102. In one embodiment, the intensity of light
source 108 is modulated by the controller 104 with a pe-
riodic waveform or carrier frequency using the digital sig-
nal processor 118. The frequency utilized can be select-
ed from a list comprising the following types: a rectangu-
lar wave and a sine wave.
[0064] In one embodiment, the modulation frequency
is greater or equal to 100 Hz. In another embodiment,
the modulation frequency is 3 kHz, 5 kHz, 10 kHz, 30
kHz, 33 kHz, 36 kHz, 38 kHz, 40 kHz and 56 kHz. It is
not necessary for a modulated light source to have a
minimum intensity of zero or to even be periodic; rather,
the property that the intensity is time-dependent following
a predefined pattern is the advantageous to the operation
of the device 100.
[0065] In one embodiment, the controller 104 controls
the digital signal processor to control a plurality of light-
emitting elements such that each is modulated at differ-
ent frequencies.
[0066] It should be noted that the change in light due
to the presence of an object in the interaction volume 102
is not constant, rather it is a time-dependent function of
the object’s speed, shape, orientation, size, motion such
as wing beat (which changes the amount of light in a
rhythmic pattern), and other intrinsic and environmental
parameters.
[0067] The light sensor 110 also is subject to impinge-
ment by ambient background light, such as light not orig-
inating from the light source 108 or object but from sourc-
es nearby the device 100. The ambient background light
can be significant and possibly exceed the signal gener-
ated by an object within the interaction volume 102.
[0068] A relatively slowly changing ambient light back-
ground, as well as a constant light level from the illumi-
nation can effectively be separated from the object signal
by filtering of a detector output. For example, the analog
signal processor 114 can comprise high-pass filter or a
band-pass filter to suppress a constant offset or specific
frequencies such as a 100 or 120 Hz frequency entering
the interaction volume 102 from an artificial light source,
respectively. Alternatively, the light intensity of the light
source 108 can be modulated by the controller 104 using
a carrier frequency. A digital signal processor 118 can
be used to extract an object signal by separating the car-
rier frequency from the signal received by the light sensor
110. That is, the signal received by the light sensor 110
is a combination of the object signal and ambient light
signal. When the carrier frequency is removed, only the
object signal remains.
[0069] When more than one light source is used, the
controller 104 may impose upon each one of the light
sources a different modulation frequency or light wave-
length. This allows the interaction volume 102 to have

different regions and provide an indication of the object’s
location with greater precision that when only one light
source is utilized.
[0070] According to the present technology, objects
such as insects enter the interaction volume 102 at a
point in space, remain there for a period of time, and
leave it at another point in space. Usually, the objects
move in only one direction. For example, insects are ei-
ther flying towards an attractant or being swept along by
airflow through the interaction volume 102.
[0071] When objects enter the interaction volume 102,
the light sensor 110 picks up a change in light intensity
characteristic of their presence, and another change in
light intensity when the objects leave the volume. While
the objects remain in the interaction volume 102, light
level changes encode additional information about the
object such as biological and environmental information.
Using analog and digital signal processing and counting
means, these light level changes are processed by the
controller 104 and result in data indicating object count
as well as certain other information.
[0072] For example, a bigger object leads to a larger
change in light level as sensed by the light sensor 110.
Insects beating their wings while in the interaction volume
102 cause changing amounts of absorbed, scattered and
reflected light corresponding to the wing beat frequency.
Multiple objects simultaneously present in the interaction
volume 102 result in a signal that is a combination of
individual object signals.
[0073] The controller 104 is configured to provide a
variety of signal processing features. The light source
108, ambient light, noise and the object-dependent signal
are sensed by the light sensor 110 and contribute to a
light sensor output.
[0074] The output of the light sensor 110 depends on
the number of objects present in the interaction volume
102. While ambient light is constant or slowly varying,
the light absorbed, reflected, scattered or otherwise mod-
ified by the objects in the interaction volume 102 varies
over time. According to the present technology, the ob-
ject-dependent signal is extracted from the light sensor
110 output with a combination of analog and digital signal
processing, as mentioned above.
[0075] Initially, a time-dependent signal is generated.
The digital signal processor 118 uses local data storage
122 to record time-dependent signals and a computing
means such as a microprocessor or microcontroller (re-
ferred to as processor 105). A microcontroller comprises
a microprocessor and input/output functions including
analog-to-digital converter 116.
[0076] Some embodiments of the present technology
comprise a method for data acquisition and signal
processing. For example, the controller 104 can be con-
figured to provide analog signal conditioning for the out-
put of the light sensor 110.
[0077] In some embodiments, the controller 104 is con-
figured to perform analog to digital signal conversion of
the output of the light sensor 110 using the analog to
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digital converter 116 and digital signal processor 118.
The controller 104 can also use analog signal condition-
ing, demodulation and amplification using an integrated
circuit resulting in a bi-level (high/low) electronic "object
presence" signal. The controller 104 also employs A/D
conversion and digital signal processing.
[0078] Examples for analog signal conditioning are
high-pass, low-pass and band-pass filters.
[0079] In one embodiment, the A/D converter 116 uses
a binary input port on a microcontroller. In one embodi-
ment, the A/D converter 116 is an analog input port on a
microcontroller. In one embodiment, the A/D converter
116 uses is an integrated circuit connected to a digital
input (such as a serial port) on a microcontroller.
[0080] Analog as well as digital signal processing com-
prise one or more techniques from the list comprising
filters, amplification, comparison, thresholding, correla-
tion, deconvolution, pattern recognition and demodula-
tion - just to name a few.
[0081] In operation, when an object enters the interac-
tion volume 102 and thereafter leaves, the controller
records a sequence of transitions (no object present ->
object present -> no object present), which is used for
counting objects. The light produced by the light source
108 also carries information about objects such as wing
beat frequency, size and other features of the object that
is extracted from a light sensor output using the signal
processing means of the controller 104.
[0082] The communication module 124 can comprise
an interface for bidirectional data communication to
transfer insect counts and other information between the
device 100, a remote database 126, an end user com-
puter 130, and an action module 132. Information from
the database is used for monitoring, report generation
and initiation of action. Bidirectional communication also
allows a user to configure the device 100, for example,
reset the object counter to zero, initiate object counting,
or enter the GPS location of the device 100 deployed in
the field.
[0083] In one embodiment, the communication module
124 comprises at least one of a wired connection; a wire-
less connection; a TCP/IP connection; a removable
memory device (e.g. flash card or USB stick); a cellular
modem; a WiFi adapter; and a Bluetooth adapter; active
and passive RFID - just to name a few.
[0084] In one embodiment, the device 100 is config-
ured to attach time and date stamps to all data being
recorded such as insect present events, biological pa-
rameters and environmental sensor readings.
[0085] Referring now to FIG. 2, in one embodiment, a
wing beat frequency is determined as follows. A light
source is illuminated in step 205. Next, an insect enters
the interaction volume in step 210. In some embodi-
ments, light source intensity is modulated by the control-
ler 104 (FIG. 1), with a carrier frequency higher than the
wing beat frequency of the insect.
[0086] If an object insect is present, the carrier frequen-
cy is modulated by the wing beat frequency resulting in

sensed light at the light sensor 110 having an intensity
waveform as illustrated in graph 215.
[0087] An ambient light background may be also
present but is not modulated. This waveform is detected
by the light sensor 110 in step 220. The light is condi-
tioned (a high-pass filter or a band-pass filter allowing
only signal at the modulation frequency to pass) in step
225 using the analog filter and converted into digital form
by an A/D converter of the multi-level type in step 230.
[0088] An envelope filter removes the carrier frequen-
cy from the modulated waveform in step 235. The wing
beat frequency then appears on the output and is sub-
jected to further signal processing to extract the insect
present signal as well as a numerical value for the wing
beat frequency in step 240.
[0089] FIG. 3 is another example object detection de-
vice 300 that is similar to the device 100 of FIG. 1 with
the exception that the light sensor of the device 300 is
divided between a dark field light sensor 305 and a bright
field light sensor 310.
[0090] FIG. 4 illustrates signal and data flow in one
embodiment of the present technology, using another
example device 400. The device 400 of FIG. 4 is similar
to the device 100 of FIG. 1 with the exception that several
additional modules are present. In particular, the device
400 comprises temperature and relative humidity sen-
sors 405, a wind speed sensor 410, and a clock 415 for
time and date stamping data.
[0091] In one embodiment, the device 400 comprises
at least one environmental sensor from the list compris-
ing temperature and humidity, day light, rain fall amount,
cloud cover, wind speed and wind direction -just to name
a few.
[0092] To be sure, light intensity is measured and proc-
essed by the device 400 using any of the aforementioned
processes. These signals are used by counter 420 and
wing beat value 425 modules. Information from the tem-
perature and relative humidity sensors 405, a wind speed
sensor 410, counter module 420 and wing beat value
module 425 is stored in local storage 430. Again, this
information can also be transmitted using the communi-
cation module, such as a cellular modem 435 (or other
wired or wireless communications module), providing da-
ta to a remote database or end user computer such as
a cell phone, Smartphone, laptop, PC, server, or other
computing device.
[0093] Referring now to FIG. 5, another example de-
vice 500 is illustrated. An interaction volume 505 is a
plastic cylinder of a diameter of about 11 +/-2.5 cm and
a height of about 2.5 cm which is easily fitted to existing
insect trap 501 such as the mosquito traps type Senti-
nel™ or Mosquitaire™, manufactured by Biogents™,
Regensburg, Germany. The device employs a fan to gen-
erate airflow to draw insects into a catch container or net
inside. The device 500 also comprises a 12V power sup-
ply to which the device 500 is connected and draws its
power.
[0094] A light source 510 comprises infrared LEDs at
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a peak emission wavelength of about 940 nm (NTE3027
or similar) mounted to the interaction volume 505 at three
locations (Location 1, 2 and 3) about 120 degrees apart,
facing inward. Each location such as Location 2, com-
prises three LEDs 510A-C, along a height. In some em-
bodiments, each LED emits a cone of light with a half-
power angle of about 45 degrees. The cones partially
overlap and the entire interaction volume 505 is flooded
with LED light. The LEDs are modulated at a frequency
of about 10 kHz, i.e. about ten times a typical mosquito
wing beat frequency using a DSP (digital signal process-
ing) module 515. The DSP module 515 comprises a mi-
crocontroller.
[0095] The inside of the interaction volume 505 com-
prises a retro-reflective surface reflecting the radiation
emitted by each LED rearwardly to increase the light in-
tensity inside the interaction volume 505. In one embod-
iment, retro-reflective tape is applied to the inside of the
interaction volume 505.
[0096] A light sensor 520 comprises a phototransistor
(type NTE3033 or similar) and is mounted to the bottom
of the DSP module 515, in the center of the interaction
volume 505 and facing downwardly. The light sensor 520
has a nominal collection angle of about 65 degrees. In
order to obtain a full cross-sectional view of the illuminat-
ed interaction volume, the light sensor 520 is mounted
approximately 11 cm above the top of the interaction vol-
ume 505.
[0097] This embodiment utilizes a dark field method
for detecting light. For example, if an insect is present, it
reflects or scatters light towards the light sensor 520.
[0098] A cellular modem module 525 is provided in the
device 500 and is combined with the microcontroller, both
being packaged in a waterproof upper housing 530 that
is appropriate for an outdoor environment. The micro-
controller also provides local storage for insect count and
other parameters, as well as a USB connection for com-
munication with a PC or handheld device, and a remov-
able flash card for extended local storage.
[0099] The interaction volume 505 and light source 510
are mounted inside a bottom housing 535 that is fitted to
an intake funnel 503 of a trap 501. The upper housing is
attached about 11 +/- 5 cm above the bottom housing
using three posts. This construction allows the airflow
generated by a fan inside the trap to flow into the inter-
action volume 505 unimpeded.
[0100] A space 545 between the bottom housing and
the upper housing is selectively adjustable to optimize
sensitivity.
[0101] Referring now to FIG. 6, another example de-
vice 600 is illustrated. The device 600 comprises an in-
teraction volume 605 (shown in top view on the left),
which comprises a plastic cylinder of a diameter of about
11 +/- 2.5 cm and a height of about 2.5 cm. This device
is easily fitted to an existing insect trap 601 such as the
mosquito traps type Sentinel™ or Mosquitaire™, manu-
factured by Biogents™, Regensburg, Germany. The de-
vice 600 uses a fan to generate airflow to draw insects

into a catch container or net inside. They also comprise
a 12V power supply to which a device 600 according to
the present invention is connected and draws its power.
[0102] A light source 610, such as a line laser with a
wavelength of 650nm and a power of 5mW is provided
in the device 600. The light detector 615 is a solar panel
of the type, such as an IXYS SLMD121H09L (nine light-
sensitive elements connected in series). In one embod-
iment, the device uses analog signal processing com-
prising an active Sallen-Key high-pass filter with a cut-
off of 23 Hz to filter out the constant background from the
light source 610 and the ambient environment, as well
as amplification of light intensity signals.
[0103] A DSP module 620 comprises a microcontrol-
ler, and a cellular modem module 625 comprises a cel-
lular modem in communication with the microcontroller,
both packaged in a waterproof upper housing appropriate
for an outdoor environment. The microcontroller also pro-
vides local storage for insect count and other parameters,
as well as a USB connection for communication with a
PC or handheld device, and a removable flash card for
extended local storage.
[0104] The interaction volume 605 and light source 610
are mounted inside a bottom housing 630 that is fitted to
an intake funnel 603 of a trap 601. An upper housing 640
is attached about 11 +/- 5 cm above the bottom housing
630 using three posts. This construction allows the air-
flow generated by the fan inside the trap to flow into the
illuminated interaction volume unimpeded. As with the
device 500 of FIG. 5, a space between the bottom hous-
ing and the upper housing is adjustable to optimize sen-
sitivity.
[0105] FIG. 7 illustrates various arrays used in light
sources. Light source 700 includes a linear array of LEDs.
Light source 705 comprises two linear arrays of LEDs.
Linear array 710 comprises five linear arrays of LEDs.
[0106] FIG. 8 illustrates various arrays used in light
sensors. Light sensor 800 comprises a linear array of
photodiodes. Light sensor 805 comprises two linear ar-
rays of solar cells. Light sensor 810 comprises a linear
array of photodiodes 815 and two linear arrays of solar
cells 820 and 825.
[0107] Light sensor 830 comprises two linear arrays of
photodiodes. Light sensor 835 comprises a linear array
of photodiodes and a single solar cell that extends the
length of the light sensor 835.
[0108] FIG. 9 illustrates an example selection of a
matched light source 900 and light sensor 905. The light
source 900 comprises a linear array of LEDs 910. The
light sensor 905 comprises two linear arrays of solar cells
and a linear array of photodiodes. In order to achieve
uniform sensitivity, the length L1 of the LED array ex-
ceeds the length L2 of the detector arrays. The light
source 900 and light sensor 905 are configured for use
in an interaction volume 915, as illustrated in FIG. 10 and
FIG. 11.
[0109] As an example, in order to obtain an interaction
volume 915 with uniform sensitivity, the following design

15 16 



EP 3 107 382 B1

10

5

10

15

20

25

30

35

40

45

50

55

can be employed. The light source is a strip of infrared
LEDs emitting at 875nm mounted to a printed circuit
board (PCB) of dimensions 164x35mm (LED width: 2.34
mm (max); LED height: 2.16 mm (max); Pitch: 5.0mm;
Total width: 147.34mm [(30-1)x5 + 2.34]; Center line: 5
mm from top edge; Middle at 82mm from left/right edge).
[0110] Six strings of five LEDs in series are connected
to a current controller. The light sensor 905 comprises
two channels. A first channel comprises a strip of infrared
photodiodes and a second channel comprises two rows
of solar cells. These channels are mounted to a printed
circuit board (PCB) of dimensions 164x35mm.
[0111] With respect to channel one: photodiode width:
2.34 mm (max); photodiode height: 2.16 mm (max);
Pitch: 2.5 mm; Total width: 102.34mm [(41-1) x 2.5 +
2.34]; Center line: 5 mm from top edge; Middle at 82 mm
from left/right edge. With respect to channel two: 10x Si
Solar Cell; Width: 22 mm; Height: 7.5 mm; Pitch: 23 mm;
Offset top to bottom row: 5mm; White stripe is cathode
(-); Total width: 117 mm; Top: 10 mm from PCB top edge;
Middle at 82mm from left/right edge.
[0112] In some embodiments, the LED array is longer
than the sensor array by about 50%, which results in
uniform illumination of the interaction volume and the
sensor array, resulting in uniform intensity.
[0113] The photodiode array and the solar cell array
are each wired in parallel, which results in uniform,
smooth sensitivity, as evidenced in a model of FIG. 12,
even with gaps between individual LEDs and sensor el-
ements (or "pixels"). These particular configurations pro-
vide unexpected results in their remarkable uniformity
with respect to light intensity.
[0114] FIG. 12 illustrates a graphical model of the de-
vice of FIGS. 9-11. The model illustrates that even with
the discrete nature and small area of the LEDs and pho-
todiodes, smooth and uniform sensitivity is obtained for
objects passing through the interaction volume. As an
object travels through the interaction volume perpendic-
ular to the plane defined by the light sources and detec-
tors, part of the light from the illumination is obscured,
resulting in a change of light hitting the detector. This
light change is detected and processed using any of the
methods described above. The aspect of uniform sensi-
tivity allows object size classification by light intensity
changes.
[0115] FIG. 13 is a graph obtained using the device of
FIGS. 9-11. The graph illustrates a signal that was ob-
tained from the photodiode array with a mosquito passing
through the interaction volume. The size of its shadow
changes as it beats its wings. This wingbeat modulation
is clearly visible. Also, the amplitude of the signal de-
pends on the size of the object. Both signal amplitude
and modulations are used to distinguish different type of
insects, and to distinguish living objects (e.g. insects)
from inanimate objects (e.g. raindrops).
[0116] FIG. 14 is another graph obtained using the de-
vice of FIGS. 9-11. The graph illustrates a signal that was
obtained from the solar cell array. Since the solar cells

are larger, a signal is recorded for a longer time, so more
cycles of the modulation due to wingbeat can be ob-
served and be used for discrimination between different
kinds of insects.
[0117] FIG. 15 is a diagrammatic representation of an
example machine in the form of a computer system 1,
within which a set of instructions for causing the machine
to perform any one or more of the methodologies dis-
cussed herein may be executed. In various example em-
bodiments, the machine operates as a standalone device
or may be connected (e.g., networked) to other ma-
chines. In a networked deployment, the machine may
operate in the capacity of a server or a client machine in
a server-client network environment, or as a peer ma-
chine in a peer-to-peer (or distributed) network environ-
ment. The machine may be a robotic construction mark-
ing device, a base station, a personal computer (PC), a
tablet PC, a set-top box (STB), a personal digital assistant
(PDA), a cellular telephone, a portable music player (e.g.,
a portable hard drive audio device such as an Moving
Picture Experts Group Audio Layer 3 (MP3) player), a
web appliance, a network router, switch or bridge, or any
machine capable of executing a set of instructions (se-
quential or otherwise) that specify actions to be taken by
that machine. Further, while only a single machine is il-
lustrated, the term "machine" shall also be taken to in-
clude any collection of machines that individually or jointly
execute a set (or multiple sets) of instructions to perform
any one or more of the methodologies discussed herein.
[0118] The example computer system 1 includes a
processor or multiple processors 5 (e.g., a central
processing unit (CPU), a graphics processing unit (GPU),
or both), and a main memory 10 and static memory 15,
which communicate with each other via a bus 20. The
computer system 1 may further include a video display
35 (e.g., a liquid crystal display (LCD)). The computer
system 1 may also include an alpha-numeric input de-
vice(s) 30 (e.g., a keyboard), a cursor control device (e.g.,
a mouse), a voice recognition or biometric verification
unit (not shown), a drive unit 37 (also referred to as disk
drive unit), a signal generation device 40 (e.g., a speak-
er), and a network interface device 45. The computer
system 1 may further include a data encryption module
(not shown) to encrypt data.
[0119] The disk drive unit 37 includes a computer or
machine-readable medium 50 on which is stored one or
more sets of instructions and data structures (e.g., in-
structions 55) embodying or utilizing any one or more of
the methodologies or functions described herein. The in-
structions 55 may also reside, completely or at least par-
tially, within the main memory 10 and/or within the proc-
essors 5 during execution thereof by the computer sys-
tem 1. The main memory 10 and the processors 5 may
also constitute machine-readable media.
[0120] The instructions 55 may further be transmitted
or received over a network via the network interface de-
vice 45 utilizing any one of a number of well-known trans-
fer protocols (e.g., Hyper Text Transfer Protocol (HTTP)).

17 18 



EP 3 107 382 B1

11

5

10

15

20

25

30

35

40

45

50

55

While the machine-readable medium 50 is shown in an
example embodiment to be a single medium, the term
"computer-readable medium" should be taken to include
a single medium or multiple media (e.g., a centralized or
distributed database and/or associated caches and serv-
ers) that store the one or more sets of instructions. The
term "computer-readable medium" shall also be taken to
include any medium that is capable of storing, encoding,
or carrying a set of instructions for execution by the ma-
chine and that causes the machine to perform any one
or more of the methodologies of the present application,
or that is capable of storing, encoding, or carrying data
structures utilized by or associated with such a set of
instructions. The term "computer-readable medium"
shall accordingly be taken to include, but not be limited
to, solid-state memories, optical and magnetic media,
and carrier wave signals. Such media may also include,
without limitation, hard disks, floppy disks, flash memory
cards, digital video disks, random access memory
(RAM), read only memory (ROM), and the like. The ex-
ample embodiments described herein may be imple-
mented in an operating environment comprising software
installed on a computer, in hardware, or in a combination
of software and hardware.
[0121] Not all components of the computer system 1
are required and thus portions of the computer system 1
can be removed if not needed, such as I/O devices.

Claims

1. An object detection system, comprising:

an enclosure formed by a sidewall (106) to de-
fine an interaction volume (102);
at least one light source (108) adapted to illumi-
nate the interaction volume (102) with a light;
at least one light sensor (110) adapted to sense
disturbances in light intensity due to scattering,
reflection, or absorption of the light by objects
(101, 103A, 103B) within the interaction volume
(102); and
a controller (104) that is configured to detect an
object or object behavior within the interaction
volume (102) based on the disturbances in the
light intensity and to time stamp signals received
from the at least one light sensor (110);
wherein the objects (101, 103A, 103B) are in-
sects;
characterized in that:

the controller (104) is further configured to
detect and record a sequence, the se-
quence comprising a first time at which an
insect is not present in the interaction vol-
ume (102), a second time at which an insect
is present in the interaction volume (102),
and a third time at which the insect is not

present in the interaction volume (102); and
the detection of the sequence indicates a
count of an insect in the interaction volume
(102).

2. The system according to claim 1, wherein the con-
troller (104) is further configured to:

modulate a frequency of the at least one light
source (108) to account for ambient light in the
interaction volume (102);
detect interactions by an insect within the inter-
action volume (102) by:

detecting modifications of the modulated
light by the insect; and
differentiating the ambient light from the
modulated light through signal processing.

3. The system according to claim 2, wherein a modu-
lation frequency is chosen to be above a frequency
of fluctuations or oscillations of the ambient light.

4. The system according to claim 2 or 3, wherein dif-
ferentiating the ambient light from the modulated
light through signal processing comprises suppress-
ing a constant or variable background signal caused
by an ambient light source, wherein the background
signal comprises frequencies in a range of approxi-
mately 0 Hz to approximately 120 Hz, inclusive.

5. The system according to any of the preceding claims,
wherein the at least one light sensor (110) comprises
at least one of:

a bright field sensor (310) disposed in a location
inside or near the sidewall (106) of the interac-
tion volume (102) so as to allow the light to con-
tact the bright field sensor (310), the bright field
sensor (310) indicating a reduction in the light
intensity of the light; or
a dark field sensor (305) disposed in a location
inside or near the sidewall (106) of the interac-
tion volume (102) so as to prevent the light from
contacting the dark field sensor (305), the dark
field sensor (305) indicating an increase in the
light intensity of the light.

6. The system according to any of the preceding claims,
wherein the controller (104) is further configured to
detect a size of the objects (101, 103A, 103B).

7. The system according to any of the preceding claims,
wherein the at least one light source (108) comprises
a plurality of light sources, the controller (104) is fur-
ther configured to modulate a frequency of light emit-
ted by each of the plurality of light sources such that
the frequency of each of the plurality of light sources
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is different from one another.

8. The system according to any of the preceding claims,
wherein the at least one light sensor (110) is posi-
tioned in a location comprising any of:

a location suitable for sensing light that passes
through and exits the interaction volume (102);
a location suitable for sensing light scattered or
reflected but not light passing through and exit-
ing the interaction volume (102); and
a location for sensing the light intensity present
in the interaction volume (102).

9. The system according to any of the preceding claims,
wherein the at least one light sensor (110) has a
spectral sensitivity response with a maximum near
a peak emission of the at least one light source (108).

10. The system according to any of the preceding claims,
wherein the controller (104) is further configured to
calculate a wing beat frequency of an insect by:

modulating the light intensity of the at least one
light source (108) with a carrier frequency that
is higher than the wing beat frequency of the
insect to create a modulated waveform; and
detecting a waveform of light that is resultant
from a modulation of the carrier frequency by
the wing beat frequency;
wherein the controller preferably comprises an
envelope filter (230) that removes the carrier fre-
quency from the modulated waveform.

11. The system according to any of the preceding claims,
wherein an inner surface of the enclosure is a retro-
reflective surface reflecting the light emitted by the
at least one light source (108).

12. The system according to any of the preceding claims,
wherein the interaction volume (102) comprises a
funnel and a trap disposed on opposing ends of the
interaction volume (102).

13. The system according to any of the preceding claims,
wherein the at least one light source (108) comprises
any of a light emitting diode, a line laser, a linear
array of light emitting devices or combinations there-
of.

14. The system according to any of the preceding claims,
wherein the at least one light sensor (110) comprises
any of a photodiode (815), a phototransistor, a
charge coupled device, a position-sensitive detector,
a solar cell (820, 825), a photovoltaic cell, an anten-
na, a thermopile, or any combinations thereof; and
wherein the at least one light sensor (110) preferably
comprises at least one linear array of light sensors

comprising a row of photodiodes (815) or two rows
of solar cells (820, 825), the two rows being offset
from one another.

15. The system according to any of the preceding claims,
wherein the at least one light sensor (110) comprises
an array comprising a plurality of individual photodi-
odes (815), the plurality of individual photodiodes
(815) being electrically coupled in series, at least one
of the plurality of individual photodiodes (815) is
masked so as to receive less light than non-masked
ones of the plurality of individual photodiodes (815)
in order to reduce a current through the array, which
results in an increase in a sensitivity of the non-
masked ones of the plurality of individual photodi-
odes (815).

16. The system according to any of the preceding claims,
further comprising a temperature and relative humid-
ity sensor (405) and/or a wind speed sensor (410).

Patentansprüche

1. Objekterkennungssystem, das umfasst:

einen umschlossenen Raum, der durch eine
Seitenwand (106) gebildet wird, um einen Inter-
aktionsbereich (102) zu definieren;
mindestens eine Lichtquelle (108), die geeignet
ist, den Interaktionsbereich (102) mit einem
Licht zu beleuchten;
mindestens einen Lichtsensor (110), der geeig-
net ist, Störungen der Lichtintensität aufgrund
von Streuung, Reflexion oder Absorption des
Lichts durch Objekte (101, 103A, 103B) inner-
halb des Interaktionsbereichs (102) zu erfassen;
und
eine Steuereinheit (104), die so konfiguriert ist,
dass sie ein Objekt oder ein Objektverhalten in-
nerhalb des Interaktionsbereichs (102) auf der
Grundlage der Störungen in der Lichtintensität
erkennt und die von dem mindestens einen
Lichtsensor (110) empfangenen Signale mit ei-
nem Zeitstempel versieht;
wobei die Objekte (101, 103A, 103B) Insekten
sind;
dadurch gekennzeichnet, dass:

die Steuereinheit (104) ferner so konfigu-
riert ist, dass sie eine Sequenz erfasst und
aufzeichnet, wobei die Sequenz einen ers-
ten Zeitpunkt umfasst, zu dem sich ein In-
sekt nicht im Interaktionsbereich (102) be-
findet, einen zweiten Zeitpunkt, zu dem sich
ein Insekt im Interaktionsbereich (102) be-
findet, und einen dritten Zeitpunkt, zu dem
sich das Insekt nicht im Interaktionsbereich

21 22 



EP 3 107 382 B1

13

5

10

15

20

25

30

35

40

45

50

55

(102) befindet; und
das Erkennen der Sequenz eine Registrie-
rung eines Insekts im Interaktionsbereich
anzeigt (102).

2. System nach Anspruch 1, wobei die Steuereinheit
(104) ferner so konfiguriert ist:

eine Frequenz der mindestens einen Lichtquelle
(108) zu modulieren, um Umgebungslicht im In-
teraktionsbereich (102) zu berücksichtigen;
Interaktionen durch ein Insekt innerhalb des In-
teraktionsbereichs (102) zu erfassen, durch:

Erfassen von Modifikationen des modulier-
ten Lichts durch das Insekt; und
Differenzieren des Umgebungslichts vom
modulierten Licht durch Signalverarbei-
tung.

3. System nach Anspruch 2, wobei eine Modulations-
frequenz so gewählt wird, dass sie über einer Fre-
quenz von Fluktuationen oder Oszillationen des Um-
gebungslichts liegt.

4. System nach Anspruch 2 oder 3, wobei das Diffe-
renzieren des Umgebungslichts von dem modulier-
ten Licht durch Signalverarbeitung Unterdrücken ei-
nes konstanten oder variablen Hintergrundsignals
umfasst, das durch eine Umgebungslichtquelle ver-
ursacht wird, wobei das Hintergrundsignal Frequen-
zen in einem Bereich von ungefähr 0 Hz bis ein-
schließlich ungefähr 120 Hz umfasst.

5. System nach einem der vorangehenden Ansprüche,
wobei der mindestens eine Lichtsensor (110) min-
destens einen der Folgenden umfasst:

einen Hellfeldsensor (310), der an einer Stelle
innerhalb oder nahe der Seitenwand (106) des
Interaktionsbereichs (102) so angebracht ist,
dass das Licht mit dem Hellfeldsensor (310) in
Kontakt kommen kann, wobei der Hellfeldsen-
sor (310) eine Verringerung der Lichtintensität
des Lichts anzeigt; oder
einen Dunkelfeldsensor (305), der an einer Stel-
le innerhalb oder nahe der Seitenwand (106)
des Interaktionsbereichs (102) so angebracht
ist, dass das Licht gehindert wird mit dem Dun-
kelfeldsensor (305) in Kontakt zu kommen, wo-
bei der Dunkelfeldsensor (305) eine Zunahme
der Lichtintensität des Lichts anzeigt.

6. System nach einem der vorangehenden Ansprüche,
wobei die Steuereinheit (104) ferner so konfiguriert
ist, dass sie eine Größe der Objekte (101, 103A,
103B) erkennt.

7. System nach einem der vorangehenden Ansprüche,
wobei die mindestens eine Lichtquelle (108) eine
Vielzahl von Lichtquellen umfasst, wobei die Steu-
ereinheit (104) ferner so konfiguriert ist, dass sie eine
Frequenz des von jeder der Vielzahl von Lichtquellen
emittierten Lichts so moduliert, dass die Frequenz
jeder der Vielzahl von Lichtquellen voneinander ver-
schieden ist.

8. System nach einem der vorangehenden Ansprüche,
wobei der mindestens eine Lichtsensor (110) an ei-
nem Ort positioniert ist, der eines der Folgenden um-
fasst:

einem Ort, der geeignet ist, Licht zu erfassen,
das durch den Interaktionsbereich (102) hin-
durchgeht und aus diesem austritt;
einen Ort, der geeignet ist, um gestreutes oder
reflektiertes Licht, aber nicht Licht, das durch
das Interaktionsvolumen (102) hindurchgeht
und aus diesem austritt, zu erfassen; und
einen Ort zur Erfassung der im Interaktionsbe-
reich vorhandenen Lichtintensität (102).

9. System nach einem der vorangehenden Ansprüche,
wobei der mindestens eine Lichtsensor (110) eine
spektrale Empfindlichkeitsantwort mit einem Maxi-
mum nahe einer Spitzenemission der mindestens
einen Lichtquelle (108) aufweist.

10. System nach einem der vorangehenden Ansprüche,
wobei die Steuereinheit (104) ferner so konfiguriert
ist, dass sie eine Flügelschlagfrequenz eines Insekts
berechnet, durch:

Modulieren der Lichtintensität der mindestens
einen Lichtquelle (108) mit einer Trägerfre-
quenz, die höher als die Flügelschlagfrequenz
des Insekts ist, um eine modulierte Wellenform
zu erzeugen; und
Erkennen einer Wellenform des Lichts, die sich
aus einer Modulation der Trägerfrequenz durch
die Flügelschlagfrequenz ergibt;
wobei die Steuereinheit vorzugsweise ein En-
velope Filter (230) umfasst, das die Trägerfre-
quenz aus der modulierten Wellenform entfernt.

11. System nach einem der vorangehenden Ansprüche,
wobei eine Innenfläche des geschlossenen Raums
eine retroreflektierende Oberfläche ist, die das von
der mindestens einen Lichtquelle (108) ausgesandte
Licht reflektiert.

12. System nach einem der vorangehenden Ansprüche,
wobei das Interaktionsvolumen (102) einen Trichter
und eine Falle umfasst, die an gegenüberliegenden
Enden des Interaktionsbereichs (102) angeordnet
sind.
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13. System nach einem der vorangehenden Ansprüche,
wobei die mindestens eine Lichtquelle (108) eine
lichtemittierende Diode, einen Linienlaser, eine line-
are Anordnung lichtemittierender Vorrichtungen
oder Kombinationen davon umfasst.

14. System nach einem der vorangehenden Ansprüche,
wobei der mindestens eine Lichtsensor (110) eine
Fotodiode (815), einen Fototransistor, einen CCD-
Sensor, einen positionsempfindlichen Detektor, eine
Solarzelle (820, 825), eine Photovoltaikzelle, eine
Antenne, eine Thermosäule oder beliebige Kombi-
nationen davon umfasst; und wobei der mindestens
eine Lichtsensor (110) vorzugsweise mindestens ei-
ne lineare Anordnung von Lichtsensoren umfasst,
die eine Reihe von Fotodioden (815) oder zwei Rei-
hen von Solarzellen (820, 825) umfasst, wobei die
beiden Reihen zueinander versetzt sind.

15. System nach einem der vorangehenden Ansprüche,
wobei der mindestens eine Lichtsensor (110) eine
Anordnung umfasst, die eine Vielzahl von einzelnen
Fotodioden (815) umfasst, wobei die Vielzahl von
einzelnen Fotodioden (815) elektrisch in Reihe ge-
schaltet ist, wobei mindestens eine der Vielzahl von
einzelnen Fotodioden (815) so maskiert ist, dass we-
niger Licht als von nicht maskierten Fotodioden (815)
der Vielzahl von einzelnen Fotodioden (815) emp-
fangen wird, um einen Strom durch die Anordnung
zu reduzieren, was zu einer Erhöhung einer Emp-
findlichkeit der nicht maskierten Fotodioden (815)
der Vielzahl von einzelnen Fotodioden (815) führt.

16. System nach einem der vorangehenden Ansprüche,
ferner umfassend einen Temperatur- und relativen
Feuchtigkeitssensor (405) und/oder einen Windge-
schwindigkeitssensor (410).

Revendications

1. Système de détection d’objet, comprenant :

une enceinte qui est formée par une paroi laté-
rale (106) pour définir un volume d’interaction
(102) ;
au moins une source de lumière (108) qui est
adaptée pour éclairer le volume d’interaction
(102) à l’aide d’une lumière ;
au moins un capteur de lumière (110) qui est
adapté pour détecter des perturbations de l’in-
tensité lumineuse du fait d’une diffusion, d’une
réflexion ou d’une absorption de la lumière par
des objets (101, 103A, 103B) à l’intérieur du vo-
lume d’interaction (102) ; et
un contrôleur (104) qui est configuré pour dé-
tecter un objet ou un comportement d’objet à
l’intérieur du volume d’interaction (102) sur la

base des perturbations de l’intensité lumineuse
et de signaux d’estampille temporelle qui sont
reçus depuis l’au moins un capteur de lumière
(110) ;
dans lequel les objets (101, 103A, 103B) sont
des insectes ;
caractérisé en ce que :

le contrôleur (104) est en outre configuré
pour détecter et enregistrer une séquence,
la séquence comprenant un premier instant
auquel un insecte n’est pas présent dans le
volume d’interaction (102), un deuxième
instant auquel un insecte est présent dans
le volume d’interaction (102) et un troisième
instant auquel l’insecte n’est pas présent
dans le volume d’interaction (102) ; et
la détection de la séquence indique un
comptage d’un insecte dans le volume d’in-
teraction (102).

2. Système selon la revendication 1, dans lequel le con-
trôleur (104) est en outre configuré pour :

moduler une fréquence de l’au moins une sour-
ce de lumière (108) en prenant en compte la
lumière ambiante dans le volume d’interaction
(102) ;
détecter des interactions dues à un insecte à
l’intérieur du volume d’interaction (102) en :

détectant des modifications de la lumière
modulée du fait de l’insecte ; et en
différenciant la lumière ambiante par rap-
port à la lumière modulée par l’intermédiaire
d’un traitement de signal.

3. Système selon la revendication 2, dans lequel une
fréquence de modulation est choisie de telle sorte
qu’elle soit au-delà d’une fréquence de fluctuations
ou d’oscillations de la lumière ambiante.

4. Système selon la revendication 2 ou 3, dans lequel
la différenciation de la lumière ambiante par rapport
à la lumière modulée par l’intermédiaire d’un traite-
ment de signal comprend la suppression d’un signal
de fond constant ou variable qui est généré par une
source de lumière ambiante, dans lequel le signal
de fond comprend des fréquences à l’intérieur d’une
plage qui va d’approximativement 0 Hz à approxi-
mativement 120 Hz, bornes comprises.

5. Système selon l’une quelconque des revendications
précédentes, dans lequel l’au moins un capteur de
lumière (110) comprend au moins l’un de :

un capteur de champ lumineux (310) qui est dis-
posé en une localisation à l’intérieur ou à proxi-
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mité de la paroi latérale (106) du volume d’inte-
raction (102) de manière à permettre que la lu-
mière entre en contact avec le capteur de champ
lumineux (310), le capteur de champ lumineux
(310) indiquant une réduction de l’intensité lu-
mineuse de la lumière ; et
un capteur de champ sombre (305) qui est dis-
posé en une localisation à l’intérieur ou à proxi-
mité de la paroi latérale (106) du volume d’inte-
raction (102) de manière à empêcher que la lu-
mière n’entre en contact avec le capteur de
champ sombre (305), le capteur de champ som-
bre (305) indiquant une augmentation de l’inten-
sité lumineuse de la lumière.

6. Système selon l’une quelconque des revendications
précédentes, dans lequel le contrôleur (104) est en
outre configuré pour détecter une taille des objets
(101, 103A, 103B).

7. Système selon l’une quelconque des revendications
précédentes, dans lequel l’au moins une source de
lumière (108) comprend une pluralité de sources de
lumière, le contrôleur (104) est en outre configuré
pour moduler une fréquence de la lumière qui est
émise par chacune de la pluralité de sources de lu-
mière de telle sorte que la fréquence de chacune de
la pluralité de sources de lumière soit différente de
celles des autres sources de lumière.

8. Système selon l’une quelconque des revendications
précédentes, dans lequel l’au moins un capteur de
lumière (110) est positionné en une localisation com-
prenant l’une quelconque de :

une localisation appropriée pour détecter la lu-
mière qui traverse le volume d’interaction (102)
et qui en sort ;
une localisation appropriée pour détecter la lu-
mière diffusée ou réfléchie mais pas la lumière
qui traverse le volume d’interaction (102) et qui
en sort ; et
une localisation pour détecter l’intensité lumi-
neuse présente dans le volume d’interaction
(102).

9. Système selon l’une quelconque des revendications
précédentes, dans lequel l’au moins un capteur de
lumière (110) présente une réponse de sensibilité
spectrale qui présente un maximum à proximité
d’une émission de crête de l’au moins une source
de lumière (108).

10. Système selon l’une quelconque des revendications
précédentes, dans lequel le contrôleur (104) est en
outre configuré pour calculer une fréquence de bat-
tement d’aile d’un insecte en :

modulant l’intensité lumineuse de l’au moins
une source de lumière (108) à l’aide d’une fré-
quence de porteuse qui est plus élevée que la
fréquence de battement d’aile de l’insecte pour
créer une forme d’onde modulée ; et en
détectant une forme d’onde de la lumière qui
résulte d’une modulation de la fréquence de por-
teuse par la fréquence de battement d’aile ;
dans lequel le contrôleur comprend de préféren-
ce un filtre à enveloppe (230) qui supprime la
fréquence de porteuse au niveau de la forme
d’onde modulée.

11. Système selon l’une quelconque des revendications
précédentes, dans lequel une surface interne de
l’enceinte est une surface rétro-réfléchissante qui ré-
fléchit la lumière émise par l’au moins une source
de lumière (108).

12. Système selon l’une quelconque des revendications
précédentes, dans lequel le volume d’interaction
(102) comprend un entonnoir et un piège qui sont
disposés sur des extrémités opposées du volume
d’interaction (102).

13. Système selon l’une quelconque des revendications
précédentes, dans lequel l’au moins une source de
lumière (108) comprend une quelconque source par-
mi une diode électroluminescente, un laser linéaire,
un réseau linéaire de dispositifs électroluminescents
ou des combinaisons afférentes.

14. Système selon l’une quelconque des revendications
précédentes, dans lequel l’au moins un capteur de
lumière (110) comprend un quelconque capteur par-
mi une photodiode (815), un phototransistor, un dis-
positif à couplage de charge, un détecteur sensible
à la position, une cellule solaire (820, 825), une cel-
lule photovoltaïque, une antenne, une thermopile ou
de quelconques combinaisons afférentes ; et dans
lequel l’au moins un capteur de lumière (110) com-
prend de préférence au moins un réseau linéaire de
capteurs de lumière comprenant une rangée de pho-
todiodes (815) ou deux rangées de cellules solaires
(820, 825), les deux rangées étant décalées l’une
par rapport à l’autre.

15. Système selon l’une quelconque des revendications
précédentes, dans lequel l’au moins un capteur de
lumière (110) comprend un réseau qui comprend
une pluralité de photodiodes individuelles (815), les
photodiodes de la pluralité de photodiodes indivi-
duelles (815) étant couplées électriquement en sé-
rie, au moins l’une de la pluralité de photodiodes
individuelles (815) est masquée de manière à ce
qu’elle reçoive moins de lumière que les photodiodes
non masquées de la pluralité de photodiodes indivi-
duelles (815) afin de réduire un courant au travers
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du réseau, ce qui conduit à une augmentation d’une
sensibilité des photodiodes non masquées de la plu-
ralité de photodiodes individuelles (815).

16. Système selon l’une quelconque des revendications
précédentes, comprenant en outre un capteur de
température et d’humidité relative (405) et/ou un
capteur de vitesse du vent (410).
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