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ABSTRACT

Practical use of a free-oating redundant space robot
has grown in popularity as aeronautical technology
has advanced. The issue of how to reduce
disturbances at the base has received attention from
academics. The position of a base might be altered if
the space robot moves. Reducing the base
interference that has been causing problems thanks
to the space robot's kinetic actions. The article lays
forth the simplified idea of a redundant space robot,
which includes a stand and a manipulator with 7

moving parts.

Introduction

The free-oating redundant space robot's practical
applicability has grown in recent years along with
aeronautical technology [1, 2]. The issue with among
the many concerns of base operators, one of the most
scientists in the academy [3] Strategy development
has has been crucial to the work of the obsolete space
robot [4, 5]. They had a manipulator and a govern the
base. These include nondependent, movable, freely
flying, and swimming [6]. In the foundation of There
was no one in charge of the redundant space robot. A
non-homonymic limitation applies to the redundant
space robot. Eventually, it will come to an end.

Posture was associated with the articulation at the

moment and its past transition [7]. More and more
academics have spoken in on the the issue of the
base's instability [8]. A procedure called it was
suggested that the interference diagram be improved.
It could lessen the emotional upheaval. However, its
memory was enormous and its processing
performance slow [9]. That's the word from due to its
nonholonomic nature, Vafa and Dubowsky
developed a self-correcting motion technique back in
1993. Is technique could only tweak their starting
stance, not their joints' final condition. Was
unalterable [10]. For their part, Shi et al. a strategy
for planning based on swarms of quantum-behaved
particles application of quasi-particle swarm
optimization (QPSO) to the global route 2010 is the
target year for the release of the planned mobile
robot. Not only could it search, but it the quickest
route that takes into account existing impediments
[11]. Path planning for a soccer robot is a challenge
that must be conquered. A strategy was developed by
Meng et al. It addressed issues with the sluggish
reactions of earlier soccer robots [12]. In 2015, Hu et
al. proposed a strategy based on Particle swarm
optimization (QPSO) that is quantum-friendly Base
disturbance maximizing trajectory planning. They

had not

Faster searches with additional parameters [13].
Xiangxin Zeng devised a strategy to lessen disruption

at the base. It planned its routes using the Gauss
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pseudo general approach. Using this strategy, we are
able to derive a movement trajectory. Not only kept
going, but also never broke into a hiccup [14]. A path
Particle annealing simulation-based plan formulation
by Zhang et al. in 2016. It proposal intended to lessen
base-to-shell contact The Manipulator of Space [15].

Description of Kinematic Equations

Figure 1 depicts a rudimentary form of the space
robot system, which consisted of a base and a
manipulator with 7 joints. Table 1 lists the various D-
H parameters. The Space Manipulator Pose (Version
2.1) included the posture and the mental state. One in

the +e position be written as this formula shows.
-
Sp=IPJ: .ID_-.' P:] v I:]']

T":t.mre Px» Py and p. Show how the three

components of point P in S relate to one another
previous quaternion expressions had been used to
convey one's feelings in this manner. To this end,
Jack made a proposal to elucidate the mood in 1992

[19]; this is seen here. Formula:

Space robot system

T-joint
Manipulator

A Base

Figure 1: +e simplified model of the space robot

system.

Table 1: +e D-H parameters of the model.
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k oy, (rad) iy dy b
1 2 0 d, [
2 mi 0 0 [
3 f2 0 dy [
4 w2 0 0 a,
5 2 0 de &
& w2 0 0 &,
7 0 0 dy [

{Q=rr+q:_r"+ra':?’+¢.x?c’=u+rf~

2. 21 12

W+qi+tg:+q:=1
Quaternion is sometimes abbreviated as Q, where the
scalar component and q is is the vector component.

The parameter-relationship descriptions are as

follows.
‘ ’.ll | 1 [ ':"'T \[ff
. 2 o :T

[ -q
=E [T18
LyE-q

The quaternion describes the following attitude error:

(3)

{ Oty = Npotfy + fﬁ-u‘?ﬁr'* (4)

8, = Moodss — Mo s G0 — Foode -

Kinematic Equations are Determined. The following

formula describes the location of end-effectors.

Pe=rothy+ z (Pea1 — Pi) (5)
k=1
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Where per denotes the end-location, effectors’ rQ the
centre of the base, and b0 the base vector. The
velocity of the tool's tip was determined by in the
preceding formula (5), which is shown below:

formula

V=P = Vpray X (p.—rp)+ Z ij X [PE_PJIC:” 'éw
k=1

(6)

Where ve represents the end-effectors speed, vO and
0 the base speed and angular velocity, joint matrices
are indicated by and k. It's possible that the end-
angular effectors’ velocity might be stated in the

format below:
W, = wy + Z kkﬂk. (7]

) where Jb represents the Jacobian matrix of the base

and Js is the Jacobian matrix of the space

manipulator. +erefore, vO and o0 are described in the

following formula

V .
[ “} - -I,'1,.6
erln,

_ [ I ]91
-'ru:'\b

Where (Ib, Ibs, and Jvb are matrices denoting the

(9

base inertia, connected inertia, and component
Jacobian, respectively. matrix centered on v0, and Jb
is the Jacobian matrix of the b-the row. about ®0.
Once all the numbers are entered, the final answer
looks like this: formula

[ .
i,

=1 - 151, )8

(10)

=J" (v, 6,m,, 1,)8,

Vol22 Issue

Space Robot System Equations.3. This formu may be

used to explain the space robot system's equation:

we[%]

P, (11)

Where Xb represents the base's posture, Qb
represents its attitude, and Pb represents its location.
The space robot system equation may be determined
using numerical integration using the following

expressions (12)

7
i —iy,
Q, (1) = L 3 [

I — g

}fméfdrw (12)

P, = L T, Bt (13)
The extended Jacobian matrix was employed in
Equation (12) to perform an attitude update. The
formula (13) was similarly has been put to use in
updating the position. According to the evidence
shown below, the primary motivation for optimum
trajectory design was to minimize the impact on the

base: formula

-] —o 09

0,(0) =8, 6,(t;) =8, (15)
8, (0)=6, (0 6 (t,)=8(t). (16)
HjminE'Hj{ﬂ‘—:H.‘m:x‘- i= Irzl----.-"rr {l.._-':]

Where i0 is the starting angle, id is the ending angle,
imin is the lowest angle, and imax is the maximum
angle for each joint. Joint angles, to directly constrain
the +e range angle of each joint caused by a

sinusoidal function. Then, it was included into the
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function sinusoidal +the five-order function, as seen

in, may be used to parameterize the angle at each

joint. Complete the following form

=a, sm[ﬁnt +ht Bt + Bt +ﬁ|]r+ﬁm)+a

_ B|'r|'4:|:t ~ B|'mir1

Oy ==
6.lm:m t B|m|r1
G=—>5

5ogs -0,
fir)= aﬂsm(ﬁ f- ;BD ' nf 4 i (M

J
] (M

fl,-a.

fit)=a, cos(ﬁ (r -;r,r +§r,r)+ i (fﬂw I))(ﬂfi(sr'-10rfr"+3r}r’)). (1)

Bit)= -, sm(ﬂn(i‘ :4,: +;r)+ i (9,0 ﬂt"))(ﬁu[s)r It 4366 ))

Introduction to the QPSO Algorithm +e QPSO
algorithm has its genesis in quantum theory, namely
in the study of superposition and probability [20].
Each and every atom might be communicated

because to the superposition state's unique

(18) characteristic, the population took on a remarkably

varied array of shapes and sizes. Using this tactic.

(19) What's more, the state that each particle is in right

now probability via the other was used to explain
property. This meant that the QPSO algorithm was
able to locate the worldwide optimum price. Also, it
() couldn't take use of any other parameters [21]. On the
other hand, the QPSO algorithm was not without
difficulties personal flaws In this case, the particles
may in the shape of a cluster. Hence, the particles
would collect in a single or several locations, where it

() might be readily trapped into a regional sweet spot

PR afb-n
1 cos(ﬁis(r'-if,rl+gfﬁr")+ (Da ))(ﬁ,,(lllf 3UH'+10 ]J [22]. The M-particles that made up the QPSO

il

Using Eqs. (15) and (16) above, we can get the

formula for the parameters: (23)

1 f By —
Pg=sin | ——),
&

B = ﬁ.‘zr
B = Sﬁ,,r;
ﬁrd = _;IB[."\- fe

ﬁ = [ﬁli’ﬁli‘ﬁ:’-.’v’ﬁdi’ﬁﬁi‘ﬁﬁﬁ"ﬁ?i]‘

3a] , [2p:0 , £

F + -2
(B) = LT, T

+

I_

Improved QPSO Algorithm
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(23)

algorithm those things that stood for answers to
problems. Right now, this is where the it particle is

located:

Formula:

X (0) = [Xp (), X (). X (1)), i=1,2,0 ., A,

(26)
P.(t) =[P, (t),Py(t),... . Py (t)]i=1,2,... A (27)
G;(t) =[Gy (1), Gz () ..., G ()], i=1,2,... LA (28)
(24)
Pt - if f|X. Bt -1},
.-m={ i (f l? 1{[ ((t)] = f[Pi(t - 1)] (29)
Xt f[X (0] < f[P;(t - 1))
(25)
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Figure 2: +e changing curves of A

g =arg min{f [P, (1]},
G(t) = P, (1),

(30)

Where g is the particle index and is 1, 2,..., A's best
possible location on Earth. The particle development

equations (31)(32) might be written as follows:

imdﬂ=%ﬂ%PﬂH+h—¢ﬂMrQUL

J| Xy (t+1) = p; () £ 1. |C; (1) - X;;(1)] - In[ 1/ (s

w,; (1) € U(0,1),

New and Improved Algorithm for QPSO. Because of
its slow convergence and propensity to become stuck
in a local optimum [23], the improved QPSO
(IQPSO) method was devised. Except parameter was
the population size and number of iterations. Singular

regulating factor

100

_{a—b}l-t3

NG t=w- N,
w1l

a

(a-b)- (N-1)
+—

b — ft>w-N.
(1-w) N

In this equation, a = 1, b = 0.5, N = maximum
number of iterations, t = current number of iterations,
and w = plus quantity between t and N. (0, 1). As the
multiple w curves were evolving, +e did as well.
Similarly to what is seen in Figure 2. Listed below is
an example of the IQPSO algorithm in action.
Photograph 3. This study proposes the IQPSO
algorithm as a means of addressing this problem. The
value of the best trajectory parameter. +en the 7-joint
space robot's design may be figured out. Which had
the minimum possible value as a constraint the
disruption at the base? +e IQPSO partial encoding

technique is introduced in. This is Diagram No. 4.
Experiments and Simulations

Everyone knows that Math Works, a corporation
based in the United States, created MATLAB.
Mathematics programmers made extensive use of it.
However, this software's creation was essential in
multiple domains. An accurate evaluation requires
that the tests of trajectories and numerical simulations

use the MATLAB software, and the results of that

paper.
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Initializing the current
position of particles

4

Calculating the fitness
value and updating the =
individual best position

*

Caloulating the
position of a random
point

4

Updating the new
position of particles

Yes

Outputing the optimal
results

Figure 3: Process of the IQPSO algorithm.

QPSO, PSO, and SAPSO results were compared to
those produced using the IQPSO method.

Table 2 [24] displays four commonly used test

routines. Many algorithm parameters, such as
Particles: M; Iterations: t; Maximum: N D axis, awe
amount, cl and c2 acceleration coefficient ¢2, and 1.

+eye for the annealing constant

aﬁ'i - 3[]1 J\JT — ll}ﬂhﬂ - ].u., “J‘p_;ﬂ - Ui, waPH:' - U.l,

= =2,1=05
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(3

In this study, each experiment was repeated fifty
times in duplicate. Table 3 displays the outcomes of
the numerical simulations, including the best and
worst value. E computational cost of doing the same
experiment 50 times in isolation is as shown in Table
4, which is timed in seconds Experiments in
Trajectory Planning. The optimum trajectory
planning problem with the goal of reducing base
disturbance of the was solved using the suggested
IQPSO algorithm as additional proof of its efficacy.
Robots in space are redundant, and the issue of
determining trajectories is complex. Have been
translated into a mathematical answer, which was It
has already been explained at length in this work.

Parameterization of Here is the formula for IQPSO's

settings:

M=30,N=100, D=7, w=05. (35)

Vol22 Issue 01,2022

0.001729319115994; =0.000026105823252;

00029584 54474525, QL0001 6TI0N227119;

_ 4
Figpsn = 1.0e7" =

0.205714762901253
F(Bligpso = 1.223010798218512¢ ™°.

0L 173692323936252; 0.003200377293701;

(36)
Table 2: +e four standard test functions.
Standard function Starch range foia
Sphere filn=I e [-100, 10]° )
Rastrigin fola) = 310 cos{2me) # 10] (-10,10)" 0
Griewank [0 (14000 T2, 2= TP, costx o 1 [-30,50° 0
Scheld fo(o)= 0 ol + 1 b [0, 0
Table 4: +e computing time
Page 21
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Figure 6: +e attitude of the base obtained by the

Standard functions QB0 P0 SAPSO 1050 proposed
hi 147 1266 1265 126 IQPSO algorithm.
h 139 164 1289 0916
f 0801 133 1607 140
f, 1447 158 1592 144 .
The estin bold means the optmal resls achievd by the four egorihms. N e T T T T T T
! s
: i i I L L I L L L L I
3 ; ! ; Y > ! ; ] I 2 3 4 5 f 7 8 ] 10
# “"'-1..‘ -00813 T T T T
_5 L i i L L i I‘ " "E .".““..u
0 l 1 3 i 5 7 8 9 10 = RITITE Y S——tlly .
time (s) :
; 00813 . . . . . . ; . .
e Y d : J 4 g " 0 l 2 3 4 5 f 7 i ] 10
o[ R time ()
Z Am3E H'"""'"'m.um.mu-n-'-
5 -0.188 r T T r r r T r r
ﬁml} 1 i L 1 L 1 i L ‘E
0 1 1 3 4 5 708 9 1 - 018 ]
time () e )
L0188 ] ] 1 e T ] { ] ]
e i : : : ' ) ; 1] L 2 3 4 3 & 7 8 9 10
i time (s)
B 188 4
L] gabit
I8 L . L Figure 7: +e position of the base obtained by the
0 l 2 4 5 7 8 9 10 .
s o) QPSO algorithm.

Figure 5: +e position of the base obtained by the

Figure 6 illustrates the gradual shift in base

orientation over time.

IQPSO algorithm.
was [1.000000000000000; —0.000000060486705;
1 : : : , , : , , , —0.000000055551370; 0.000000025741104].
B | oo ian om0 kb a0 04 00 000 000 00 By s e b e I P B 14 AR R 48 SRS ]
] | | | 1 | 1 | | | . . . ) .
] 1 2 1 5 & 7 B9 10 As indicated in the following equations, the QPSO
; tns ) algorithm determined the optimum parameters and
x 107
E T T T L) T T T the fitness value.
T ) s s s oy BT |
5 L ] L Il L 1 L L L
0 1 i 3 4 5 f 7 ] L] 10
time (s) 0053727 145056947; 0.0000147 34907040,
w107 -4 (L0694798BA 180796 —0.000 187541265537,
1 — Baeso = 1.0¢ 0.3701203 - —_—
| P s, s, e Yo ] 3701 20344884837; 0.024346823909793;
E T b g e -
1 L L L L L L L L 0.072405199767136
i 1 2 3 i 5 f 7 ] ] 10 -8
i f(Blgpso = 1.787582295257875¢ *.
0 (37)
2 T T T T T T T T T
"3_‘ 0 fs ‘ " L4 Ry
3 ] ] b WLLTTTTY ] aakeere ] ] ]
0 1 & i ] 5 f ¥ ] L] 10
time (s}
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Figure 8: +e attitude of the base obtained by the

QPSO algorithm.
w10#
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Figure 9: +e position of the base obtained by the
PSO algorithm.

Base movement with time is seen in Figure 7.
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was [—0.000002614389786;
—(L188036781531653].
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—0.081290281543783;

From Figure 84, it can be seen that the attitude of the base

was [0.999999999998799;
0.000000896566092; 0.000000506153035].

0.000001894650367;

0.209594516686051; —0.000210216283730;
0.273603505071900; 000161 7425203244;
0.259691788163232; —~0.0981 1763781 59463;

Pesn = 1.0e Te

0.963511035955538
(Bl = L614561098924839¢ %,

Conclusions

In this research, we describe a method to the
optimization of the trajectory planning issue that is
based on the IQPSO algorithm. The space robot
model was constructed so that the issue could be
stated mathematically. Kinematic equations of the
obsolete space robot were put in place. In order to
lessen the impact of the joint's trajectory on the body,
the 5- It used a third-order sine polynomial.
Surprisingly, the the fitness function of the free-
flying redundant space robot was defined using a
single parameter, "," and the trajectory planning issue
was written as a nonlinear programming problem. An
issue with optimality. At long last, a revised proposal
has been Particle swarm optimization with quantum-
friendly behaviour (IQPSO) a fitness function
optimization approach was used. +e The IQPSO
algorithm quickly found the best possible solution. In
contrast to the PSO and QPSO algorithms, as well as
SAPSO methodology, it not only provides
dependable results but has a quick rate of
convergence as well. These benefits may be shown

by test-bed tests using reference-function planning a

course of action Based on +rough simulation
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findings, resulted in the conclusion that the suggested
IQPSO algorithm providing the best possible value
on a global scale. In addition, it compatible with
figuring out the best trajectory making preparations
to lessen the impact on the base of the redundant a

mechanical alien from beyond space.
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