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(57) ABSTRACT

According to an exemplary embodiment of the present
invention, a system for measuring a distance is disclosed.
The system includes: an LED light source configured to
apply light to a target of which a distance is desired to be
measured; a first splitter configured to partially reflect light
applied from the LED light source; optical fiber configured
to apply light passing through the first splitter to the target;
and a second splitter configured to reflect light reflected
from the target, and the system may further include: a first
sensor configured to sense light reflected from the first
splitter; and a second sensor configured to sense light
reflected from the second splitter.
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DISTANCE MEASURING SYSTEM AND
DISTANCE MEASURING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2020-0147037 filed in
the Korean Intellectual Property Office on Nov. 5, 2020, the
entire contents of which are incorporated herein by refer-
ence.

TECHNICAL FIELD

[0002] The present invention relates to a distance measur-
ing system and a distance measuring method. More particu-
larly, the present invention relates to a system and a method
of measuring displacement by using an RGB light source
and an RGB sensor.

BACKGROUND ART

[0003] In the related art, a confocal displacement sensor is
provided with the following configurations. According to an
exemplary embodiment, the confocal displacement sensor in
the related art includes a white light source, a light collecting
unit, an optical splitter, optical fiber, a confocal lens, a
reflector, a spectroscope, an image sensor, and an image
processor.

[0004] In the case of the related art, a white light source is
used in order to use a light source having an even frequency
distribution in a visible light band, and by using the white
light source, it is possible to ensure that there is no discon-
nection of the constituent frequency band. The light collect-
ing unit means a lens unit for collecting an output of the
white light source and generating parallel light, and the
optical splitter allows the white light source to pass through,
and is provided to reflect reflective light reflected from the
reflector and induce the reflected reflective light to the
spectroscope. The optical fiber is provided as an optical path
between the light source and the spectroscope and the
confocal lens. The confocal lens is provided with an optical
lens unit for generating a focal length deviation according to
a frequency. The reflector means a reflective surface of a
target of which displacement is desired to be measured. The
spectroscope means a prism system for splitting the reflected
light and converting a frequency component into positional
information. The image sensor detects light split from the
spectroscope and photographs an image, and the image
processor means a processor for obtaining a split image from
the image sensor and calculating displacement information.

[0005] When a distance is measured by using the existing
confocal displacement sensor, there is a problem in that it is
difficult to physically obtain a light source having even
spectral density in the visible light band. Also, there is a
problem in high cost, an increased size, and heating. Further,
in the existing case there is a problem in that a size of the
spectroscope is increased due to the use of the prism.
Further, since the image sensor and the image processor are
used for analysis, a high-resolution and high-speed image
sensor needs to be used, thereby causing a problem in that
cost is increased, and further, there is a problem in that cost
of the image processor, such as an FPGA and a DSP, is also
increased for the image sensor interlocking and the high-
speed image processing.
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SUMMARY OF THE INVENTION

[0006] The present invention has been made in an effort to
provide a distance measuring system which is effective in
terms of cost and size.

[0007] The problem to be solved by the present invention
is not limited to the above-mentioned problems, and the
problems not mentioned will be clearly understood by those
skilled in the art from the present specification and the
accompanying drawings.

[0008] An exemplary embodiment of the present inven-
tion discloses a system for measuring a distance.

[0009] The system includes: an LED light source config-
ured to apply light to a target of which a distance is desired
to be measured; a first splitter configured to partially reflect
light applied from the LED light source; optical fiber con-
figured to apply light passing through the first splitter to the
target; and a second splitter configured to reflect light
reflected from the target, and the system may further
include: a first sensor configured to sense light reflected
from the first splitter; and a second sensor configured to
sense light reflected from the second splitter.

[0010] According to the exemplary embodiment, the sys-
tem may further include a confocal lens disposed between
the optical fiber and the target.

[0011] According to the exemplary embodiment, the sys-
tem may further include: a first light collecting lens disposed
between the LED light source and the first splitter; and
second light collecting lens disposed between the second
splitter and the optical fiber.

[0012] According to the exemplary embodiment, the sys-
tem may further include a calculating unit configured to
calculate displacement of the target by comparing a mea-
surement value of the first sensor and a measurement value
of the second sensor.

[0013] According to the exemplary embodiment, the cal-
culating unit may further include a converter which converts
the measurement values of the first sensor and the second
sensor into a digital form.

[0014] According to the exemplary embodiment, the cal-
culation of the displacement in the calculating unit may be
processed by calculating a position of a peak point by using
the total amount of response in each of the first sensor and
the second sensor.

[0015] According to the exemplary embodiment, the cal-
culating unit may include a microprocessor.

[0016] According to the exemplary embodiment, the LED
light source uses an RGB light source.

[0017] According to the exemplary embodiment, the num-
ber of confocal lenses configured is three.

[0018] Another exemplary embodiment of the present
invention discloses a system for measuring a distance.
[0019] The system may include: a sensor probe; a head
configured to apply light in proximity to a target; and optical
fiber configured to connect the sensor probe and the head, in
which the head includes a confocal lens, and the sensor
probe includes: an LED light source configured to apply
light to the target of which a distance is desired to be
measured; a first splitter configured to partially reflect light
applied from the LED light source; a second splitter con-
figured to reflect light reflected from the target; a first sensor
configured to sense light reflected from the first splitter; and
a second sensor configured to sense light reflected from the
second splitter.
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[0020] Another exemplary embodiment of the present
invention discloses a method of measuring a distance by
using an LED light source.

[0021] The method may include: applying the LED light
source to a target; primarily receiving a light source applied
from the LED light source; secondarily receiving light
reflected from the target; and measuring displacement of the
target by comparing the primarily received light and the
secondarily received light.

[0022] According to the exemplary embodiment, the pri-
marily receiving of the light source applied from the LED
light source and the secondarily receiving of the light
reflected from the target are performed by a first sensor and
a second sensor, respectively.

[0023] According to the exemplary embodiment, in the
measuring of the displacement of the target by comparing
the primarily received light and the secondarily received
light, values measured in the first sensor and the second
sensor may be converted into a digital form and a position
of a peak point may be calculated by using the total amount
of response in each of the first sensor and the second sensor
to calculate the displacement.

[0024] According to the exemplary embodiments of the
present invention, there is disclosed the distance measuring
system effective in terms of cost and size.

[0025] The effect of the present invention is not limited to
the foregoing effects, and the not-mentioned effects will be
clearly understood by those skilled in the art from the
present specification and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is a diagram illustrating a distance measur-
ing system according to an exemplary embodiment of the
present invention.

[0027] FIG. 2 is a diagram illustrating a configuration of
a sensor probe according to the exemplary embodiment of
the present invention.

[0028] FIG. 3 is a diagram illustrating configurations of
the sensor probe, optical fiber, and a head according to the
exemplary embodiment of the present invention.

[0029] FIG. 4 is a diagram illustrating a configuration of
a calculating unit according to the exemplary embodiment of
the present invention.

[0030] FIGS. 5A and 5B are diagrams for describing a
measurement of a distance by using values measured by a
first sensor and a second sensor of the present invention.
[0031] FIG. 6 is a flowchart illustrating a distance mea-
suring method according to an exemplary embodiment of
the present invention.

DETAILED DESCRIPTION

[0032] Advantages and characteristics, and a method for
achieving them will be clear when exemplary embodiments
described in detail with reference to the accompanying
drawings are referred to. However, the present disclosure is
not limited to exemplary embodiments disclosed herein but
will be implemented in various forms, and the exemplary
embodiments are provided so that the present disclosure is
completely disclosed, and a person of ordinary skilled in the
art can fully understand the scope of the present disclosure,
and the present disclosure will be defined only by the scope
of the appended claims.
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[0033] Unless defined, all terms (including technical and
scientific terms) used herein have the same meaning as the
meaning commonly accepted by common skill in the related
art to which the present invention belongs. Terms defined by
the general dictionaries may be interpreted as having the
same meaning as in the related art and/or in the text of the
present application, and the terms will not be conceptualized
or interpreted overly formal even if the term is not a clearly
defined expression here.

[0034] Terms, such as first and second, are used for
describing various constituent elements, but the constituent
elements are not limited by the terms. The terms are used
only to discriminate one constituent element from another
constituent element. For example, without departing from
the scope of the invention, a first constituent element may be
named as a second constituent element, and similarly a
second constituent element may be named as a first con-
stituent element.

[0035] Singular expressions used herein include plurals
expressions unless they have definitely opposite meanings in
the context. Accordingly, shapes, sizes, and the like of the
elements in the drawing may be exaggerated for clearer
description.

[0036] The terms used in the present specification is for
the purpose of describing exemplary embodiments, and do
not intend to limit the present invention. In the present
specification, a singular form includes a plural form as well,
unless otherwise mentioned. A term “include” and/or vari-
ous conjugations of this verb do not exclude the existence or
an addition of one or more other compositions, components,
constituent elements, steps, operations, and/or devices, in
addition to the mentioned composition, component, con-
stituent element, step, operation, and/or device. In the pres-
ent specification, the term “and/or” indicates each of the
listed configurations or various combinations thereof.
[0037] The term “~ unit” used in the present specification
is a unit for processing at least one function or operation, and
may mean, for example, a hardware element, such as an
FPGA or an ASIC. However, the “~ unit” is not limited to
software or hardware. The “~ unit” may also be configured
to be included in an addressable storage medium, and may
be configured to reproduce one or more processors.

[0038] Accordingly, as an example, the “~ unit” includes
components, such as software components, object-oriented
software components, class components, and task compo-
nents, and processes, functions, attributes, procedures, sub-
routines, segments of a program code, drivers, firmware,
micro-codes, circuits, data, database, data structures, tables,
arrays, and variables. The constituent elements and the
function provided in the “~ unit” may be separated and
performed by the plurality of constituent elements and “~
unit”, and may also be combined with other additional
constituent elements.

[0039] FIG. 1 is a diagram illustrating a distance measur-
ing system 10 according to an exemplary embodiment of the
present invention.

[0040] The distance measuring system 10 according to
FIG. 1 may include a sensor probe 100, optical fiber 200, a
head 300, and a calculating unit 400. According to the
exemplary embodiment, the distance measuring system 10
according to the present invention may include the plurality
of sensor probes 100, the plurality of optical fibers 200, the
plurality of heads 300, and one calculating unit 400. Accord-
ing to the exemplary embodiment, the sensor probe 100, the
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optical fiber 200, and the head 300 may be configured as one
set, and the calculating unit 400 may be connected with the
plurality of sets of the sensor probe 100, the optical fiber
200, and the head 300.

[0041] Hereinafter, each constituent element will be
described in more detail with reference to the drawings.
[0042] FIG. 2 is a diagram illustrating a configuration of
the sensor probe 100 according to the exemplary embodi-
ment of the present invention.

[0043] The sensor probe 100 according to FIG. 2 may
include an LED light source 110. According to the present
invention, light may be applied to a target of which a
distance is desired to be measured by using the LED light
source 110. The LED light source 110 may include an RGB
light source. According to the exemplary embodiment, the
LED light source 110 may be formed of a high-brightness
LED including R, G, and B. The LED light source 110 may
apply white light in which R, G, and B are mixed to the
target. A first splitter 120 which partially reflects the light
applied from the LED light source 110 may be disposed on
a path along which the light derived from the LED light
source 110 travels. The first splitter 120 may reflect some
light and allow the remaining light to pass through. Accord-
ing to the exemplary embodiment, the first splitter 120 may
reflect about 10% of the light and allow 90% of the light to
pass through. The light passing through the first splitter 120
may be applied to the target of which the distance is desired
to be measured through the optical fiber 200. The light
reflected from the target may be applied to a second sensor
150 through a second splitter 130. The second splitter 130
may reflect the light reflected from the target to the second
sensor 150. According to the exemplary embodiment, the
second splitter 130 may reflect the light reflected from the
target by 100%. That is, according to the present invention,
instead of the spectroscope, the second splitter 130 which
collects the reflected light and transmits the collected light to
the RGB sensor may be included.

[0044] On a plane on which the LED light source 110 is
disposed, a first sensor 140 for sensing the light reflected
from the first splitter 120 and the second sensor 150 for
sensing the light reflected from the second splitter 130 may
be disposed together.

[0045] The first sensor 140 and the second sensor 150 may
be the RGB sensor. Further, the LED light source 110 may
be the RGB light source. According to the present invention,
the first sensor 140 may sense the light applied through the
LED light source 110, the second sensor 150 may sense the
light reflected by using the object as a reflective surface, and
displacement of the target may be measured by using the
values measured through the RGB sensors, respectively.
[0046] The first sensor 140 and the second sensor 150 may
detect the light reflected from the first splitter 120 and the
second splitter 130. The first sensor 140 may be the sensor
for reference. The second sensor 150 may be the sensor for
measurement.

[0047] The calculating unit 140 may convert the values
measured in the first sensor 140 and the second sensor 150
into digital data, and calculate the displacement by using the
converted data. The detailed calculating method through the
calculating unit 400 will be described below with reference
to FIGS. 4 and 5.

[0048] Referring to FIG. 2, the distance measuring system
10 according to the present invention may include a first
light colleting lens 160 disposed between the LED light
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source 110 and the first splitter 120 and a second light
colleting lens 170 disposed between the second splitter 130
and the optical fiber 200. The first light collecting lens 160
may perform a function of collecting light discharged from
the LED light source 110 and applying the collected light to
the first splitter 120. The second light collecting lens 170
may perform a function of collecting light reflected from the
target and applying the collected light to the second splitter
130.

[0049] Referring to FIG. 2, a first spherical mirror 180 is
disposed between the first splitter 120 and the first sensor
140 to form a path in which the light reflected from the first
splitter 120 may be sensed by the first sensor 140. A second
spherical mirror 190 is disposed between the second splitter
130 and the second sensor 150 to form a path in which the
light reflected from the second splitter 130 may be sensed by
the second sensor 150.

[0050] FIG. 3 is a diagram illustrating the configurations
of the sensor probe 100, the optical fiber 200, and the head
300 according to the exemplary embodiment of the present
invention. Descriptions of the parts overlapping those of
FIG. 2 will be omitted. The description of the configuration
of the sensor probe 100 that is the part overlapping that of
FIG. 2 will be omitted.

[0051] Referring to FIG. 3, the optical fiber 200 may be
connected to the sensor probe 100. The optical fiber 200 may
connect the sensor probe 100 and the head 300. The optical
fiber 200 is configured to connect the sensor probe 100 and
the head 300 to be provided as an optical path that connects
the light applied from the sensor probe 100 to the head 300.
Further, when the light reflected from the target is applied
through the head 300, the optical fiber 200 may provide an
optical path so that the applied light passes through the
sensor probe 100.

[0052] The head 300 according to the present invention
may include a confocal lens 310 inside thereof. Referring to
FIG. 3, the head 300 according to the present invention may
include three confocal lenses 310. According to the exem-
plary embodiment, in the case of using the three confocal
lenses 310, the most effective processing is possible. The
head 300 according to the present invention has the effect of
performing effective light processing by using a bi-leaf lens.

[0053] The difference between the distance measuring
system 10 of the present invention according to FIGS. 2 and
3 and the existing sensor is described below.

[0054] In the present invention, the RGB light source is
used, instead of the existing white light source. This is
because the RGB light source is excellent in terms of cost,
size, and heating. Further, the present invention does not
require a stereoscope, and uses the RGB sensor and the
high-speed ADC, instead of the image sensor, so that the
present invention is excellent in terms of cost and size.
Further, the present invention does not require an image
processing processor and the image processing processor
may be replaced with a microprocessor, and only the ADC
interlocking is required, so that the image processing pro-
cess is not necessary, and thus the present invention is
efficiency in a processing process.

[0055] FIG. 4 is a diagram illustrating a configuration of
the calculating unit 400 according to the exemplary embodi-
ment of the present invention. Referring to FIG. 4, a
configuration for distance measurement algorithm and high-
speed multiple ADC interlocking is disclosed.
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[0056] According to FIG. 4, the calculating unit 400 may
include a microprocessor. According to the exemplary
embodiment, the calculating unit 400 may include logic
capable of interlocking an FPGA and an ADC. According to
the exemplary embodiment, the sensor probe 100 may
include a converter (analog digital converter). However, the
converter may also be included in the calculating unit 400.
Through the converter, an analog result value measured
from each sensor may be changed to digital data. The
calculating unit 400 interlocks the changed digital data and
calculates the interlocked digital data through the micropro-
cessor, thereby achieving an effect in that the rapid calcu-
lation is possible.

[0057] Referring to FIG. 4, it can be seen that the plurality
of sensor probes 100 is connected to one calculating unit
400, so that it is possible to measure a distance for the
plurality of targets.

[0058] FIGS. 5A and 5B are diagrams for describing a
measurement of a distance by using values measured by the
first sensor 140 and the second sensor 150 of the present
invention.

[0059] According to FIG. 5A, it can be seen that the total
amount of response is formed in the order of Det R>Det
B>Det G, and according to FIG. 5B, it can be seen that the
total amount of response is formed in the order of Det
R>>Det B>Det G.

[0060] FIG. 5A is the diagram representing the result
measured by the first sensor 140. According to FIG. 5A, it
can be seen that the position of frequency f,, detecting a peak
is located on the right side of the center of the R sensor. FIG.
5B is the diagram representing the result measured by the
second sensor 150. According to FIG. 5B, it can be seen that
the position of frequency 1, detecting a peak is located on the
left side of the center of the R sensor.

[0061] According to the present invention, it is possible to
calculate displacement from a relative value between RGB
by using the RGB light source and the RGB sensor. Light
distribution of the RGB light source, the thickness of the
optical fiber, a radius of an outlet radiated to the optical lens,
a focal diameter, a response section of the RGB sensor, and
the like are relatively large, so that a certain amount of
response value exists in all of the RGB sensors. By using the
certain amount of response value, it is possible to calculate
the position of the peak point by using a ratio of the certain
amount of response value to the total amount of response of
each of the RGB sensors. Through this, it is possible to
calculate the displacement of the target.

[0062] The existing confocal displacement sensor uses a
method of projecting a white light source to an object (light
reflector) of which a distance is to be measured through the
optical fiber 200 and the lens, and detecting a maximum
reflection frequency by a difference in a lens refractive index
for each frequency band of the light source to measure a
distance. The present invention uses the method of calcu-
lating displacement from a relative value between RGB by
using the RGB light source and the RGB sensor. FIG. 5 is
a diagram illustrating the RGB light source and the reflec-
tion peak frequency, and the total amount of response to the
RGB sensor according to the RGB light source and the
reflection peak frequency. The distance may be converted by
using the table of the total response amount ratio of each of
the R, G, B sensors for each displacement.
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[0063] FIG. 6 is a flowchart illustrating a distance mea-
suring method according to an exemplary embodiment of
the present invention.

[0064] The distance measuring method according to the
exemplary embodiment of the present invention may be
performed by using the distance measuring system 10 dis-
closed in the present invention. According to the distance
measuring method according to the present invention, the
LED light source 110 may be applied to a target, the light
source applied from the LED light source 110 may be
primarily received, and light reflected from the target may be
secondarily received. In this case, the primary light recep-
tion of the light source applied from the LED light source
110 may be implemented through the first sensor 140, and
the secondary light reception of the light source reflected
from the target may be implemented through the second
sensor 150. According to the present invention, it is possible
to measure displacement of the target by comparing the
primarily received light and the secondarily received light.
[0065] Inthis case, in the displacement measuring method,
the displacement may be calculated by converting the values
measured in the first sensor 140 and the second sensor 150
into a digital form, and calculating a position of a peak point
by using the total amount of response in each of the first
sensor 140 and the second sensor 150.

[0066] The foregoing exemplary embodiments are pre-
sented for helping the understanding of the present inven-
tion, and do not limit the scope of the present invention, and
it should be understood that various modified exemplary
embodiments from the foregoing exemplary embodiments
are also included in the scope of the present invention. The
drawings provided in the present invention only show the
optimum exemplary embodiment of the present invention.
The technical scope of the present invention will be defined
by the technical spirit of the accompanying claims, and it
should be understood that the technical sprit of the present
invention is not limited to the literal description of the claims
itself, but substantially extends to the invention of an equiva-
lent scope of the technical value.

1. A system for measuring a distance, the system com-
prising:
an LED light source configured to apply light to a target
of which a distance is desired to be measured; a first
splitter configured to partially reflect light applied from
the LED light
source; optical fiber configured to apply light passing
through the first splitter to the target; and
a second splitter configured to reflect light reflected from the
target,
wherein the system further comprises; a first sensor
configured to sense light reflected from the first splitter;
and
a second sensor configured to sense light reflected from the
second splitter.
2. The system of claim 1, further comprising: a confocal
lens disposed between the optical fiber and the target.
3. The system of claim 2, further comprising:
a first light collecting lens disposed between the LED
light source and the first splitter; and
a second light collecting lens disposed between the sec-
ond splitter and the optical fiber.
4. The system of claim 3, further comprising: a calculating
unit configured to calculate displacement of the target by
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comparing a measurement value of the first sensor and a

measurement value of the second sensor.

5. The system of claim 4, wherein the calculating unit
further includes a converter which converts the measure-
ment values of the first sensor and the second sensor into a
digital form.

6. The system of claim 5, wherein the calculation of the
displacement in the calculating unit is processed by calcu-
lating a position of a peak point by using the total amount of
response in each of the first sensor and the second sensor.

7. The system of claim 6, wherein the calculating unit
includes a microprocessor.

8. The system of claim 2, wherein the LED light source
uses an RGB light source.

9. The system of claim 8, wherein the number of confocal
lenses configured is three.

10. A system for measuring a distance, the system com-
prising: a sensor probe; a head configured to apply light in
proximity to a target; and optical fiber configured to connect
the sensor probe and the head, wherein the head includes a
confocal lens, and the sensor probe includes:

an LED light source configured to apply light to the target
of which a distance is desired to be measured;
a first splitter configured to partially reflect light applied
from the LED light source;
a second splitter configured to reflect light reflected from the
target,
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a first sensor configured to sense light reflected from the first
splitter; and a second sensor configured to sense light
reflected from the second splitter.

11. The system of claim 10, wherein the sensor probe
includes:

a first light collecting lens disposed between the LED

light source and the first splitter; and

a second light collecting lens disposed between the sec-
ond splitter and the optical fiber.

12. The system of claim 11, further comprising:

a calculating unit configured to calculate displacement of
the target by comparing a measurement value of the
first sensor and a measurement value of the second
sensor.

13. The system of claim 12, wherein the calculating unit
further includes a converter which converts the measure-
ment values of the first sensor and the second sensor into a
digital form.

14. The system of claim 13, wherein the calculation of the
displacement the calculating unit is processed by calculating
a position of a peak point by using the total amount of
response in each of the first sensor and the second sensor.

15. The system of claim 14, wherein the calculating unit
includes a microprocessor.

16. The system of claim 11, wherein the LED light source
uses an RGB light source.

17. The system of claim 16, wherein the number of
confocal lenses configured is three.

18-20. (canceled)



