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ABSTRACT

In this paper, the research on virtual force vibration concept for four resonance autonomous mobile robots
navigation is welcome. This concept is adopted and applied to solve and address; the behaviour of four autonomous
mobile robots without initial force of vibration, the amplitude frequency of the vibrating medium, the effect of
inapplicable resonance, the wavelength of vibration and the vibrating amplitude length of the four mobile robots.
Robot lis set into motion at an amplitude frequency of its own mass, then forcefully vibrating Robot 2 with the
same amplitude frequency of another mass. Robot 3 is set into force vibration by Robot 2 and Robot 4 is set into
force vibration by Robot 3 and finally, Robot 1 takes the same force vibration of similar amplitude frequency of

Robot 4 into resonance effect with different wavelength and different mass in a square workspace of cell (i,j) with
respect to virtual force vibration. The technique was simulated using MOBOT SIM software, MATLAB software,
Hewlett-Packard Laptop with Microsoft window 10 operating system.
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I. INTRODUCTION

Within this context, force is external pull acting on the
robot at a particular inclined angle and mass. Vibration
is the behavioural outcome acting physically no the
external force created by the robot. Virtual force
vibration is the virtual external force acting on the
robot due to an external vibration inclined at a
particular area, the mass occupied by the robot and the
virtual workspace involved. Robot resonance is the
effects that occur when a force vibrating robot set
another robot into vibration with an amplitude
frequency and vibrating characteristics existing
between the force vibrating robot and another virtual
force vibrating robot and both share the

amplitude frequency of vibration. There are Literature

same
updates to this effect which are;

Tsetserukou et al. [1], in their paper, they reported that
vibrations in heavily loaded joints have risen due to
compliances introduced into each joint of robot arm by
means of torque sensors. Nuriev et al. [2], they
established that mechanical system simulates a
vibration-driven robot, i.e. a mobile device capable to
move in a resistive medium without external moving
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parts. Chernous’ko F.L. [3] propounded that
displacement of the system in a while occurs due to
periodic motion of the internal mass respect to the

container.

Yegorov A.G. and Zakharova O.S. [4], they established
that motion of the system as a whole occurs by
longitudinal periodic motion of one body (the internal
mass) relative to the other body (the shell). Zhang et al.
[5], in their paper, they developed legged locomotion
(e.g. running) as adaptive vibration which is capable of
adapting to change in internal parameters and in the
external environment. Haitao et al. [6], they reported
that rigid-flexible coupling vibration system of a spot-
welding robot solve the natural frequency and modal
shapes of the system and finally calculate the frequency
response under certain forced vibration.

Futami et al. [7], they described that arm vibration
problems are divided into two categories: resonance
vibration and transient oscillations. Goinaraghi et al.
[8], in their paper, they established that two-variable
expansion-perturbation method is used to describe the
motions at internal and forced resonance.
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II. PROBLEM IDENTIFICATION

This section highlighted the problems associated with
four robots without initial force vibration and without
resonance effect when robot 1 established a motion and
come in contact with the other three robots with respect
to the workspace of cell (i,j).
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Figure 1: Four robots in a neutral state without force
vibration and resonance effect.
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The questions asked on Virtual force vibration concept

are as follows;

(1). What suitable environment is applicable to four
mobile robots motion?

(2). Can there be any virtual force vibration acting on
the four mobile robots?

(3). Can the four mobile robots vibrate at the same
amplitude frequency?

(4). What kind of Algorithm procedure is applicable for
such virtual force vibration principle?

(5). Can there be any resonance effect acting on the
four mobile robots?

III. SOLUTION PROPOSED

This section explained the applicable solution to solve
the lingering problems identified in section 2.

3.1 Nature of Environment

The nature of environment applied to this research
paper is called Partially Unknown Environment (PUE).
The four mobile robots are partially unaware of the
environment in which the virtual force vibration and
resonance is about to take place with respect to the
workspace of cell (i,j) in x and y coordinates.
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3.2. Virtual Force Vibration Algorithm (VFV)
Procedure

This section explained the algorithm procedural
technique applied for the experiment. The virtual force
vibration for the four resonance mobile robots were
mapped out on the workspace of cell (i,j) and the
region of application is a square form where the four
mobile robots are adapted to force vibration and
resonance as shown below
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Figure 2. Four resonance mobile robots in a virtual
force vibration to the workspace of cell (i,j).

Assuming,
X =9m (x coordinate)
y = 4.54m (y coordinate)
Where, a4, a,, a3 and a4 are the inclined angle of cell (i,))
while R1, R2, R3 and R4 are the force vibrating mobile
robots in a square fo form workspace of cell(i,j) for
resonance effect to occur.
Such that,
Tano = y/x (1) Taking each inclined angle into
consideration Tana; = y/x o; = Tan'(y/x) a; = Tan’
'(4.54/9) = Tan(0.504) a; = 30° since ;= 0= 0z= O,
then, a,= 30°, o, = 30°, a;= 30°, ay= 30° Taking the force
vibration acting on R1R2 into consideration.
Then, Friroy= Mrir2) X grirz) X sin(a,a,) (2) Where,
Frir2)= Force vibration acting on R1R2 to the cell (i,)).
Mrir2)= Mass of Robot 1 and Robot 2 to the cell (i,j).

Adapting periodic vibration of simple motion into the
force vibration of the robots, then,

V.= 2[] (VL/g) (3) Where V, = Vibrating period of

robot to the cell (i,j), L= Amplitude length of vibration,
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g = Amplitude acceleration of the robot to cell (i,)).
Viriry) = 2[] [\/L ®IR2)/E ®RIR2)] (4)
Then, Vt(R1R2) = Vt(R2R3) = Vt(R3R4) = Vt(R4R1)

Vzt(RlRZ) :41_[2 [L rir2)/g ®1R2)] (5)

Also,

ZRIR2) :41_[2 [L (R1R2)/ Vzt (RlRZ)] (6)
But,

V=1F(7)

Substituting equation (7) into equation (6)

ZRIR2) :41_[2 [F21 X L ®iry | (8

Where F= Amplitude frequency of vibration to cell (i,j).
Also,

L (RIR2) = X(lez)/ 209

Substituting equation (9) into equation (8)

Then,
ZRIR2) :41_[2 [F21 X k(lez)] /2 (10) ZRIR2) :2H2 [F21 XA
(R1R2) ] (1 1)

But the four robots have different masses and different
wavelengths. Then,

ZRIR2) 7 ER2R3) 7 ER3R4) 7 ZR4RD)

M(lez) # M(R2R3) # M(R3R4) # M(R4R1)

MriRr2) 7 Mr2r3) 7 MR3R4) 7 MR4RI)

Substituting equation (11) into equation (2)
Then,

Frir2)y™ Mrirz) X 2H2F21>\'(R1R2) x sin(a,0,) (12)

Friroy= 21_[2 [F21 Mrirz) X 7&(R1R2)] sin(o,;0,) (13)
Fror3) = 21_[2 [F22 Mror3) X A ror3)] sin(az03) (14)
Frara= 21" [F*3 Mraray X A w3ra)] sin(os0s) (15)
Frariy= 21_[2 [F24 Mrar1) X A rar1y] sin(oyo;) (16)

But the amplitude frequency of virtual force vibration
are the same and in the same directional resonance with
different partition. Since, F*= F»= F3= F%, (17)
Taking the sum of virtual force vibration for the four
resonance mobile robot to the cell (i,j).Then, ZF, =
Frirz) + Frors ) + Frsra) + Frari ) (18) Where, ZF;is
the Sum of virtual force vibration of the four resonance
mobile robots to cell (i,)).

3.3. Virtual Force Vibration Algorithm Flow Chart
This section explained the flow chart procedure of the

virtual force vibration algorithm being applied on the
four resonance mobile robots.
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Figure 3: Shows the Flow chart of Virtual force
vibration Algorithm concept.

IV. RESULT AND DISCUSSION

This section highlighted the experimental research
results obtained from the simulation of the algorithm
and the overall discussions of the obtained results both
figures, tables, raw data and chart has been applied in
the experimental details and analysis.

The following parameters were applied during the
research;

Mrir2) = 80kg, Mr2r3) = 120kg, Mr3r4)= 50kg, Mrar1y
= 100kg, F\=F,=F;= F,=5Hz,

[1=3.142, Lriro= 2cm, Lrors= Scm,

Lrsray= 3cm, Lgar1y= 4.5cm, o= 0= 0= o= 30°
Then,

L(RIRZ): X(Rle) /2 }\‘(R2R3): 2 L(RZRS)

7»(Rle): 2 L(RIRZ): 2x5
=2x2=10cm
=4cm

7\‘(R3R4): 2 L(R3R4) A (R4R1) ™ 2 L(R4R1)
=2x3=2x4.5
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Frirgy)= 2[T° [F Mrsra) X A r3ra)] Sin(azo) =2x
(3.142)*[(5)* x 50 x 0.06]sin 30° = 7.404N

=6cm = 9cm

gRrIR2) = 21_[2 [le X 7»(R1R2)]
=2x(3.142°x (5 x 4
=1974.43 ci/s*
=19.744m/s*

F(R4R1) = 2H2 [F24 M(R4R1) X 7L(R4Rl)] Sin(0140ll) =2x
(3.142)*[(5)* x 100 x 0.09]sin 30° =22.212N

2F = Frir2) + Frors) T Frsra) T Frari) =
7.898+29.617+7.404+ 22.212

gRoR3) = 2[T [F*ax A r2r3) ] =67.13IN
=2x(3.142’ x (5°x 10

= 4936.08cm/s>
= 49361m/s> Simulation graph of M(kg) against A(m)
0.12
ZR3R4) = 21_[2 [F23 X X(R3R4)] 0.1
=2x(3.142°x (5)*x 6
=2961.65cm/s> 0.08
=29.617m/s” grar1) = 2[1° [FP4X A ar) ] T
=2 x (3.142) x (5 x 9 = 008 1
= 4442 47cm/s’ 0.04
= 44.425m/s” Viriry = 4[1° [L ®iro) /€ ®iry] = 4 X
(3.142)2 x 0.02/19.744 = 0.04s’ Vgire) = Virors) = 0.02
Vzt(R3R4) = Vzt(R4Rl) =0.04s" 0
0 50 100 150
Table 1: Shows the VFV simulation table for four Mikg)
resonance mobile robots

Figure 4: VFV simulation graph of masses against

2
S/N M(kg) | L(m) | A(m) g(m/s’) amplitude wavelengths of four resonance mobile
RIR2 | 80.00 |0.020 | 0.04 |19.744 robots
Simulation graph of L(m) against g(m/s?)
R2R3 | 120.00 | 0.050 0.10 | 49.361 o
R3R4 50.00 | 0.030 0.06 29.617
50
R4R1 100.00 | 0.045 0.09 44.425
40
T 30
SN [V(s) [Vi(D | EN) TF(N) E
20 -
R1R2 0.20 0.04 7.898 67.131
10
R2R3 0.20 0.04 29.617 67.131
0
R3R4 0.20 0.04 7.404 67.131 0 0.02 0.04 0.06
L(m)
R4R1 0.20 0.04 22.212 67.131

Figure S : VFV simulation graph of amplitude Length
against amplitude acceleration of four resonance

F(R1R2) = 21_[2 [F21 M(R]RZ) XA (R1R2)] Sin(ala2) =2x )
mobile robots.

(3.142)[(5)* x 80 x 0.04]sin 30° = 7.898N
F(R2R3) = 21_[2 [F22 M(R2R3) XA (R2R3)] sin(o,03) =2 X
(3.142)’[(5)* x 120 x 0.1]sin 30° =29.617N
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Simulation graph of v?,(s?) against g(m/s?)
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Figure 6: VFV simulation graph of amplitude period
against amplitude acceleration of four resonance mobile
robots.

Simulation graph F(N) against ZFs(N)

20
F(N)

30 40

Figure 7: VFV simulation graph of virtual force against
Sum of virtual force vibration of four resonance mobile
robots
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Simulation graph of F(N) against ZFs(N)
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Figure 8: 3D simulation of sum of virtual force vibration
of the four resonance mobile robots.

In figure 1, representing four robots in a neutral state
without force vibration and resonance effect. Robot 1 is
blue, Robot 2 is orange, and Robot 3 is brown while
Robot 4 is green in colour. In figure 2, representing four
resonance mobile robots in a virtual force vibration to
the workspace of cell (i,j). From the graph, the algorithm
region where the mobile robots force vibration were
mapped out on the workspace of cell (i,j) and the region
of application is a square form where the four mobile
robots are adapted to force vibration and resonance.

Figure 3, represents the Flow chart of Virtual force
vibration algorithm application. From the graph, the
algorithm procedural concept is analysed on a flow chart
that would explain the overall technique applied and
methodology while figure 4, represents the VFV
simulation graph of masses against amplitude
wavelengths of four resonance mobile robots. From the
graph, the blue coloured object symbolised the
simulation result of resonance mobile robots on virtual
force vibration with y= 0.0007x + 0.0128 being the
equation of longitudinal wave on a straight line and R*=
0.5473 being linear amplitude wavelength gradient.

In figure 5, representing the VFV simulation graph of
amplitude Length against amplitude acceleration of four
resonance mobile robots. From the graph, the simulation
result of resonance mobile robots on virtual force
vibration with y= 987.23x - 0.0003 being equation of
longitudinal length on a straight line and R*= 1 being
linear amplitude acceleration gradient while figure 6,
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represents the VFV simulation graph of amplitude period
against amplitude acceleration of four resonance mobile

robots. From the graph, the blue mobile robots are [4].

cascaded and overlapping each other with respect to the
resonance effect created by the virtual force vibration
when considering the amplitude period and amplitude
acceleration.

[].

Figure 7, represents the VFV simulation graph of virtual
force and Sum of virtual force vibration of four resonance
mobile robots. From the graph, Robot 1 superimpose on

Robot 2 while Robot 4 cascaded and overlapped on Robof6].

3 and finally, figure 8 represents the 3D simulation of sum
of virtual force vibration of four resonance mobile robots.

From the graph, the brown colour is the sum of virtual7].

force vibration occupied area and the light blue colour is
the virtual force occupied area acting along the virtual
external force in a wave form region.

[8].

V. CONCLUSION

The virtual force vibration concept applied for four[g]‘

resonance mobile robots navigation has scientifically
proven to be robust, 100% technical, efficient and
effective. The mathematical algorithm and simulation of

the algorithm have made the end results to be accurate for(.

the virtual force vibration. The figures applied, the
simulation table, the flow chart analysis and the raw data’s

used in the research are true raw data’s adopted from theyy ],

simulation which gave 100% results oriented and virtual
force vibration for the four resonance mobile robots. More
research work expected in the future includes; thermal

diffusivity concept for autonomous mobile robot andp).

hybrid virtual force vibration model for two autonomous
mobile robots.

[13].
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