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NECK DEVICE FOR ABSORBING SHOCK
AND REDUCING VIBRATION OF LEGGED
MOBILE ROBOT

CROSS REFERENCE TO RELATED
APPLICATION

The present application claims priority to Korean Patent
Application No. 10-2022-0155514, filed Nov. 18, 2022, the
entire contents of which are incorporated herein for all
purposes by this reference.

BACKGROUND

Technical Field

The present disclosure relates to a neck device for absorb-
ing shock and reducing vibration of a legged mobile robot.
More particularly, the present disclosure relates to a neck
device for absorbing shock and reducing vibration of a
legged mobile robot, the neck device being configured to
obtain stable visual sensor data and stable inertial sensor
data by absorbing shock and vibration that are generated
during walking of the legged mobile robot.

Description of the Related Technology

Generally, a dynamic vibration absorber is a classical
means commonly used in the field of vibration control, and
the dynamic vibration absorber is configured to suppress
vibration of a structure by tuning a natural frequency of the
dynamic vibration absorber to a natural frequency of the
structure.

SUMMARY

One aspect is a neck device for absorbing shock and
reducing vibration of a legged mobile robot, the neck device
being capable of absorbing shock and reducing vibration
and, at the same time, being capable of stabilizing a move-
ment of a sensor platform according to walking pattern of
the legged mobile robot.

Another aspect is a neck device for absorbing shock and
reducing vibration of a legged mobile robot, the neck device
including: a shock absorber fixed to a body portion of the
legged mobile robot in which a plurality of leg portions is
supporting the body portion, the shock absorber being
configured to absorb shock and vibration; a sensor platform
coupled to a part of the shock absorber, the sensor platform
including a camera and an inertial measurement unit; and a
variable dynamic vibration absorber mounted on the sensor
platform, the variable dynamic vibration absorber being
configured to adjust an absorption frequency of shock and
vibration caused by a movement of the legged mobile robot.
Furthermore, the shock absorber and the variable dynamic
vibration absorber are reducing shock and vibration that are
transmitted to the sensor platform, thereby reducing move-
ment and rotation of the sensor platform.

The shock absorber may include: a fixed plate fixed to the
body portion of the legged mobile robot; and a plurality of
linkages connected to a plurality of joints with a plurality of
connection rods such that first side portions of the plurality
of linkages are fixed to the fixed plate and second side
portions of the plurality of linkages are fixed to the sensor
platform.

The plurality of linkages may further include a hydraulic
damper and a spring.

10

15

20

25

30

35

40

45

50

55

60

65

2

The variable dynamic vibration absorber may include: an
actuator coupled to the sensor platform; a torsion spring
configured to be rotated by an operation of the actuator; a
guide connected to the torsion spring and configured to be
rotated; and a linear stepping motor configured to be moved
along the guide.

The variable dynamic vibration absorber may be config-
ured to rotate the torsion spring so that the guide and the
linear stepping motor are horizontal as the linear stepping
motor moves along the guide.

The neck device for absorbing shock and reducing vibra-
tion of the legged mobile robot according to the present
disclosure has effects as follows.

First, since shock and vibration that are generating during
the walking of the legged mobile robot are excellently
absorbed, stable visual information and stable inertial infor-
mation are capable of being obtained.

Second, since low-cost members compared to high-cost
vibration-absorbing members are used, manufacturing cost
of the legged mobile robot is significantly reduced, so that
the present disclosure is economical.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objectives, features, and other advan-
tages of the present disclosure will be more clearly under-
stood from the following detailed description when taken in
conjunction with the accompanying drawings.

FIG. 1 is a schematic view illustrating a configuration of
a neck device for absorbing shock and reducing vibration of
a legged mobile robot according to an embodiment of the
present disclosure.

FIG. 2 is a schematic view illustrating the neck device for
absorbing shock and reducing vibration of the legged mobile
robot according to an embodiment of the present disclosure.

FIG. 3 is a schematic view illustrating an entire configu-
ration of the neck device for absorbing shock and reducing
vibration of the legged mobile robot according to an
embodiment of the present disclosure.

FIG. 4 is a schematic view illustrating a variable dynamic
vibration absorber of the neck device for absorbing shock
and reducing vibration of the legged mobile robot according
to an embodiment of the present disclosure.

DETAILED DESCRIPTION

Currently, the most widely used dynamic vibration
absorber is designed in the most basic type in which mass is
added to a cantilever.

In Korean Patent No. 10-1803742, a dynamic vibration
absorber using a constraint condition of an ellipse and a
variable length-type cantilever system is proposed.

In the conventional technology, in the dynamic vibration
absorber designed in the form of adding mass to a cantilever,
a natural frequency can be varied by using a constraint
condition of a cantilever and an elliptic equation.

In a frequency adjustment of the conventional dynamic
vibration absorber, the range of the constraint condition of
the cantilever using the elliptic equation is limited, and the
change in the natural frequency due to the change in the
mass body or the change in the position of the mass body is
large, so that there is a problem that inconvenience occurs
since the conventional dynamic vibration absorber is not
easy to be adjusted in the field. Therefore, there is a problem
in that effective vibration control is difficult.

Meanwhile, with the development of a legged mobile
robot, research and development of the legged mobile robot
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are in progress recently. The legged mobile robot is provided
with various sensors, so that utilization of the legged mobile
robot is increasing.

For example, a visual and inertial information-based
position estimation method using a camera sensor and an
inertial measurement unit in the robot is widely used for a
position estimation system of the robot due to complemen-
tary characteristics of each information, low price, and light
weight.

In the legged mobile robot, a periodical shock between
legs and the ground and a vertical movement are accompa-
nied during walking of the legged mobile robot. At this time,
generated shock and generated vibration interfere with the
acquisition of information from sensors (the camera sensor
and the inertial measurement unit) attached to the legged
mobile robot, so that the position estimation system using
the sensors becomes unstable.

In a drone, in order to solve a similar vibration problem,
a sensor platform coupled to a rubber damper, a nylon ring,
and so on is used. In this method, since the sensor platform
cannot be adjusted after the sensor platform is installed, the
sensor platform may resonate according to walking pattern
of the legged mobile robot. In addition, the lower the
stiffness of the damper is, the more advantageous the damper
is to absorb vibration, but the damper may be excessively
deformed when the damper receives shock or when the
damper is moved dynamically. When the sensor platform is
moved rapidly, a motion blur may occur in the camera
sensor, and the motion blur is a problem in a feature point
extraction and a tracking method that are used for the
position estimation.

The embodiments described below are provided so that
those having ordinary skill in the art can easily understand
the technical idea of the present disclosure, and thus the
present disclosure is not limited thereto. In addition, the
items represented in the attached drawings are the schema-
tized drawings in order for easily describing the embodi-
ments of the present disclosure and may be different from
the forms actually implemented.

When any constituent element is referred to as being
connected or contacted with other constituent elements, it
should be understood that it may be directly connected or
contacted with the other constituent elements but there may
be the other constituent elements therebetween.

FIG. 1 is a schematic view illustrating a configuration of
a neck device for absorbing shock and reducing vibration of
a legged mobile robot according to an embodiment of the
present disclosure, FIG. 2 is a schematic view illustrating the
neck device for absorbing shock and reducing vibration of
the legged mobile robot according to an embodiment of the
present disclosure, FIG. 3 is a schematic view illustrating an
entire configuration of the neck device for absorbing shock
and reducing vibration of the legged mobile robot according
to an embodiment of the present disclosure, and FIG. 4 is a
schematic view illustrating a variable dynamic vibration
absorber of the neck device for absorbing shock and reduc-
ing vibration of the legged mobile robot according to an
embodiment of the present disclosure.

Referring to FIGS. 1 to 4, a neck device for absorbing
shock and reducing vibration of a legged mobile robot
according to an embodiment of the present disclosure
includes a shock absorber 100, a sensor platform 200, and a
variable dynamic vibration absorber 300.

According to the present disclosure, the shock absorber
100 is fixed to a body portion 14 of a legged mobile robot
10 in which a plurality of leg portions 12 is configured to
support and move the body portion 14, and the shock
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absorber 100 absorbs shock and vibration. The leg portion
12 of the legged mobile robot 10 includes a joint motor and
a support bar, and supports the body portion 14 at a lower
side portion of each corner of the body portion 14 such that
the body portion 14 is capable of being moved.

The shock absorber 100 includes a fixed plate 110 and a
plurality of linkages 120.

The fixed plate 110 has a plate shape, and is fixed to the
body portion 14 of the legged mobile robot 10. The fixed
plate 110 may be coupled to an upper end of an end portion
side with respect to a longitudinal direction of the body
portion 14.

The plurality of linkages 120 is coupled to a plurality of
joints with connection rods such that first side portions of the
plurality of linkages 120 are fixed to the fixed plate 110 and
second side portions of the plurality of linkages 120 are fixed
to the sensor platform 200.

The plurality of linkages 120 may further include hydrau-
lic dampers and springs 130 that are absorbing shock and
vibration according to a movement of the legged mobile
robot 10.

The sensor platform 200 is coupled to a part of the shock
absorber 100, and includes a camera 210 and an inertial
measurement unit 220.

The camera 210 acquires visual information such as
image information or video information, and the inertial
measurement unit 220 acquires position information as the
legged mobile robot 10 moves.

The sensor platform 200 may be connected to the plurality
of linkages 120, and the camera 210 and the inertial mea-
surement unit 220 are positioned toward a front side. A
position where the camera 210 is positioned is the front side,
and an opposite direction is a rear side.

The variable dynamic vibration absorber 300 is mounted
on the sensor platform 200, and is configured to adjust an
absorption frequency of shock and vibration according to the
movement of the legged mobile robot 10.

The variable dynamic vibration absorber 300 includes an
actuator 310, a torsion spring 320, a guide 330, and a linear
stepping motor 340.

The actuator 310 is coupled to an upper side portion of the
sensor platform 200 by a coupling member 312.

The torsion spring 320 is coupled to a rotational shaft of
the actuator 310, and is rotated by an operation of the
actuator 310. Furthermore, a first end of the torsion spring
320 receives a force by the actuator 310, and a second end
of the torsion spring 320 applies the force to the guide 330.
While the legged mobile robot 10 is operated, a movement
of the guide 330 is controlled only by an elasticity of the
torsion spring 320.

The guide 330 is rotatably connected to the coupling
member 312 to which the torsion spring having a part
thereof rotated by the actuator 310 and the actuator 310 are
fixed. In addition, the guide 330, the camera 210, and the
linear stepping motor 340 may be positioned on the same
axis with respect to a plane.

The guide 330 is connected to the torsion spring 320, and
is configured to be rotated. That is, the first end of the torsion
spring 320 receives a force by the actuator according to a
rotation direction of the actuator 310, so that the guide 330
is rotated by the second end of the torsion spring 320.

The linear stepping motor 340 is configured to move
along the guide 330. As the linear stepping motor 340 is
rotated, the linear stepping motor 340 is moved along a
guide rod 332 of the guide 330.
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A mass pendulum for controlling a load may be addition-
ally mounted on the linear stepping motor 340 so that a load
is capable of controlled.

As the linear stepping motor 340 is moved along the guide
330, the variable dynamic vibration absorber 300 is config-
ured to rotate the torsion spring 320 so that the guide 330 and
the linear stepping motor 340 are horizontal.

Accordingly, the variable dynamic vibration absorber of
the neck device for absorbing shock and reducing vibration
of the legged mobile robot according to an embodiment of
the present disclosure is configured to reduce shock and
vibration that are transmitted to the sensor platform 200 by
the legged mobile robot 10, thereby reducing the movement
and the rotation of the sensor platform 200.

The neck device for absorbing shock and reducing vibra-
tion of the legged mobile robot according to an embodiment
of the present disclosure may further include a control unit
that includes a microprocessor configured to perform an
operation processing so as to control an overall operation,
and may further include a power supply configured to supply
a power.

In describing an operational relationship of the neck
device for absorbing shock and reducing vibration of the
legged mobile robot according to an embodiment of the
present disclosure with reference to FIGS. 1 to 4 together,
when the legged mobile robot 10 is moved, shock and
vibration are transmitted to the shock absorber 100. Then,
the shock and the vibration transmitted to the shock absorber
100 are transmitted to the sensor platform 200 and the
variable dynamic vibration absorber 300. The shock
absorber 100 and the variable dynamic vibration absorber
300 absorb the applied shock and the applied vibration.

The variable dynamic vibration absorber 300 is mounted
on the sensor platform 200, and is configured to adjust an
absorption frequency of shock and vibration according to the
movement of the legged mobile robot 10.

With the assumption that mass of the guide 330 of the
variable dynamic vibration absorber 300 is sufficiently light
compared to other masses and the mass of the guide 330 can
be assumed to be zero and can be ignored, a potential energy
V and a kinetic energy t of the entire neck device for
absorbing shock and reducing vibration of the legged mobile
robot can be expressed by expression 1 and expression 2 as
follows.

X 1 , 1 Expression 1
V = (my +my)gy + myrgsin(@) + Ekl(y_ u)* + Ekz(ﬁ —6n)

1 .1 . E ssion 2
T= E(ml +mp)? + mayrcosfif + Emzrzez pression

(Where u is a height of the legged mobile robot, y is a
height of the sensor platform, m, is the mass of the sensor
platform, m, is the mass of the mass body of the variable
dynamic vibration absorber, k; is the spring stiffness of the
shock absorber, k, is the spring stiffness of the torsion spring
of the variable dynamic vibration absorber, b is the damping
constant of the shock absorber, r is the distance from the
center of the torsion spring of the variable dynamic vibration
absorber to the center of gravity of the mass body, 0 is the
guide rotation angle of the variable dynamic vibration
absorber, and 9, is the actuator rotation angle of the variable
dynamic vibration absorber.)

Here, a dynamical system equation of the entire device of
equation 3 and equation 4 are obtained by the Euler-
Langrage equation
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a8 N2,
dt(aq ) =T

dq

(1 +my)J+myr cos 00—m,r sin 6é2+k1(y—u)=—b(y—u) Expression 3:

s oS O+, 2 B+m,rg cos +ky(6-9,)=0

(Where qe{u, 0}: generalized coordinates, L=T-V:
Lagrangian, t: generalized force)

When 0=0 so that the guide is horizontal in a steady state,
the variable dynamic vibration absorber obtains the rotation
angle

Expression 4:

marg
Om(ﬁm_ k2 )

of the actvator, and linearizes a dynamical system expres-
sion of equation 5 and equation 6. It is assumed that the
rotation angle of the guide 330 is sufficiently small.

(1 )Y+ by y=biiku Expression 5:

P+, 84k, 0=0 Expression 6:

Next, by using a dynamical system expression of expres-
sion 5 and expression 6, a transfer function of a motion
output y of the sensor platform for a vertical movement input
u of the legged mobile robot of expression 7 is obtained.

(mar?s* + ky)(bs + k) Expression 7

H(s)=
© ((ml + mz)s2 +bs + kl)(mzrzsz + kz) - m%;’zs4
An amplitude of the output for an input frequency u is
determined by IH(jw)l, and it can be seen that the amplitude
of the output is zero at frequency
k2
w= .
mz}"z
That is, when the distance r of the mass body is selected
as
k
r=
mzw,2

for a target absorption frequency , the amplitude of the
output becomes zero.

This shows a tendency that the faster the frequency is (w,
T), the closer the distance of the mass body (r 1) should be.

From the analysis of the dynamics, it can be seen that the
movement and the shock of the legged mobile robot accord-
ing to a periodical walking pattern at various speeds can be
stabilized by changing the movement of the sensor platform
by changing the distance of the mass body according to the
frequency.

Therefore, in the neck device for absorbing shock and
reducing vibration of the legged mobile robot according to
the present disclosure, shock and vibration generated during
walking of the legged mobile robot are excellently absorbed,
so that stable visual-inertial information can be obtained and
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an economical effect can be provided by significantly reduc-
ing manufacturing cost of the legged mobile robot.

It will be understood by those skilled in the art that the
present disclosure can be embodied in other specific forms
without changing the technical idea or essential character-
istics of the present disclosure. Therefore, it should be noted
that the above-described embodiments are merely embodi-
ments selected and presented in order to help the under-
standing of those skilled in the art, so that the technical spirit
of'the present disclosure is not necessarily limited only to the
presented embodiments, and various alterations, additions,
modifications and other equivalent embodiments may be
made without departing from the technical spirit of the
present disclosure.

What is claimed is:

1. A neck device for absorbing shock and reducing
vibration of a legged mobile robot, the neck device com-
prising:

a shock absorber fixed to a body portion of the legged
mobile robot in which a plurality of leg portions
support the body portion, the shock absorber being
configured to absorb shock and vibration;

a sensor platform coupled to a part of the shock absorber,
the sensor platform comprising a camera and an inertial
measurement unit; and

a variable dynamic vibration absorber mounted on the
sensor platform, the wvariable dynamic vibration
absorber being configured to adjust an absorption fre-
quency of shock and vibration caused by a movement
of the legged mobile robot,
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wherein the shock absorber and the variable dynamic
vibration absorber are configured to reduce shock and
vibration transmitted to the sensor platform, so as to
reduce movement and rotation of the sensor platform,
and
wherein the variable dynamic vibration absorber com-
prises:
an actuator coupled to the sensor platform;
a torsion spring configured to be rotated by an operation
of the actuator;
a guide connected to the torsion spring and configured to
be rotated; and
a linear stepping motor configured to be moved along the
guide.
2. The neck device of claim 1, wherein the shock absorber
comprises:
a fixed plate fixed to the body portion of the legged mobile
robot; and
a plurality of linkages connected to a plurality of joints
with a plurality of connection rods such that first side
portions of the plurality of linkages are fixed to the
fixed plate and second side portions of the plurality of
linkages are fixed to the sensor platform.
3. The neck device of claim 2, wherein the plurality of
linkages further comprise a hydraulic damper and a spring.
4. The neck device of claim 1, wherein the variable
dynamic vibration absorber is configured to rotate the tor-
sion spring so that the guide and the linear stepping motor
are maintained to be horizontal as the linear stepping motor
moves along the guide.
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