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Abstract

The proposed method models robot motion between maximal and minimal radial mass density
values corresponding to minimal and maximal gravitational radii. The nonlinear dynamics of
robot motion are transformed into an equivalent linear control problem using the concept of
external linearization. The approach introduces a variable step parameter to regulate motion
precision in the radial direction. The method is further extended to electromagnetic and
gravitational multi-potential fields and illustrated through analytical examples. The results show
that maximal radial mass density occurs at the minimal gravitational radius, while minimal radial
mass density appears at the maximal gravitational radius. The introduced variable-step control
strategy enables precise regulation of robot motion trajectories. The study also derives the energy
conservation constant from the ratio of Planck mass and Planck radius and demonstrates its
relation to radial mass density behavior. The proposed RRDT-based framework provides a
generalized method for controlling robot motion in radial mass density fields. The use of external
linearization and variable-step control enables stable and accurate robot motion in
electromagnetic and gravitational environments. The proposed control strategy can be applied to
nanorobotic systems, particularly in applications requiring highly precise motion control, such as
medical microrobots and drug delivery systems.
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Contribution of this paper to the literature

This study introduces a novel RRDT-based framework for robot motion control in radial mass
density fields. Unlike existing approaches, it combines external linearization with variable-step
radial control in combined electromagnetic and gravitational fields, enabling precise trajectory
regulation for nanorobotic applications.

1. Introduction

Generally, the very large structures of robots have many application areas, such as in precise production
processes, medicine for cell manipulation, drug delivery, medical image acquisition, and non-invasive intervention.
For these applications, electrical, magnetic, chemical-actuated robots, and bio/soft robots can be used [1, 27.
Genetic algorithms and unsupervised machine learning are used for predicting robotic manipulation failures in
force-sensitive tasks, as discussed in [387]. An integrated design and fabrication strategy for entirely soft,
autonomous robots is presented in [47]. Versatile soft grippers with intrinsic electroadhesion based on
multifunctional polymer actuators are pointed out in [57. Magnetic actuation methods in bio/soft robotics are
discussed in [67]. An efficient constant-time addressing scheme for parallel-controlled assembly of stress-
engineered MEMS micro-robots is presented in [7].

In this article, the control of the robot's motion is described in the radial mass density field. This field is in the
region from the minimal radius (with the maximal radial mass density (p.)) and the maximal radius (with the
minimal radial mass density (p..)). Between these two limited values, one can choose 7 points (7=1,2,..7.:). In the
case of precise robot motion, the number #z.. should be larger. Conversely, for less precise robot motion, the
number #.. may be smaller. In that sense, one can introduce the related steps number (7.) between maximal and
minimal radii in a gravitational field. This value can be calculated using the relation (7« = #w: / nw). If a smaller
parameter (7..) is used than the number of steps (7.), the latter is bigger, and vice versa. In that way, the most
precise control of the robot's motion can be obtained.

The very important consequence of solving the field equations by including the gravitational energy-
momentum tensor (EMT) on the right side of the field equation is that the gravitational field exhibits both
repulsive (positive) and attractive (negative) gravitational forces. The minimum time transition between quantum
states in the gravitational field is discussed in [87. To precisely follow the desired trajectory of robot motion, one
can include the new Relativistic Radial Density Theory (RRDT). The particle transition and correlation in
quantum mechanics are examined in [97]. Independent position control of two identical magnetic micro-robots in a
plane using permanent magnets and magnetically powerful microrobots is presented in [107]. This application
signifies a new approach to the medical revolution epoch. Magnetically powered micro-robots are discussed in [11,
127.

Further, the robust control of micro-robot motion is presented in [137. A conjugate gradient-based BPTT-like
optimal control algorithm with vehicle dynamics control application is discussed. Robust motion control with an
anti-windup scheme for electromagnetic actuated microrobots using time-delay estimation is presented in [147].
The two independent position controls of two microrobots moving in a plane are realized using rotating permanent
magnets [10]. Magnetically powered microrobots and robust motion control, with an anti-windup scheme for
electromagnetic actuated microrobots, are presented in Chautems, et al. [117] and Kim, et al. [147] respectively.
Robotic-assisted minimally invasive surgery is illustrated in [157]. The design of a novel haptic joystick for the
teleoperation of continuum-mechanism-based medical robots is presented in [167]. In this reference, a novel
mechanism with a series of coupled gears, aimed at controlling continuum robots for medical applications, is
highlighted. Positioning control of robotic manipulators subject to excitation from non-ideal sources is discussed in
[17]. Further, tractor-robot cooperation is illustrated in [187. Indoor positioning systems of mobile robots are
presented in [197]. A new single-leg lower-limb rehabilitation robot motion is presented in [207]. Multi-robot task
scheduling for consensus-based fault-resilient intelligent behavior in smart factories is discussed in [217]. A new
single-leg lower limb rehabilitation robot with design, analysis, and experimental evolution is presented in [207]. It
is also important to know how the portable surveillance robots can be used in IoT applications [227]. The recent
trends in robot learning and evolution for swarm robotics are presented in [237. Finally, the proactivity of fish and
leadership of self-propelled robotic fish during interaction and bioinspiration with biomimetics is discussed [247].

2. Dynamics of Autonomous Robot Motion in Two-Potential Electromagnetic and
Gravitational Radial Mass Density Field

The problem of nonlinear control of robot motion is discussed as a function of the maximal radial mass density
value. To simplify the related calculations, it starts with the concept of external linearization of the nonlinear
control of robot motion in the radial mass density field. In that case, within the closed regulation loop, the system
exhibits linear behavior. Therefore, the problem of robot position control in the radial mass density field can be
approached by calculating the control of the error vector, ¢(?). This vector is a function of the radial mass density,

p; , and can be presented by the relations:

2
e=X,~X, dfm(t)-”[F +E+1NF.]
dt prmax min ’ c
2 1
rW(t)=ddt)2(W: L/n {FPW+FM+1NF,W]
prmax min c

Here n=1,2,...7%u and %= Prpax / Prmin » While the subscript w denotes the desired robot motion. The variables

without this subscript present the real autonomous robot motion. Further, F; is a potential force, F: is a time-
variation force, I is the interaction force, and N is the related connection parameter. At the same time, the
relations (1) also describe the canonical differential equations of the robot motion in the combination of
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electromagnetic and gravitational fields. Vector r.(?) presents the desired (nominal) acceleration of the robot
motion in the radial mass density field.
Now following the idea of external linearization, one can introduce the following substitution.
d’e n 1
u(t)=—5=r,(t)————| F,+R+=NF |, u(t)=(u(t)u,(t)u,(t))". (2
dt r max " min C
Here u(%) is the internal control vector of the robot motion in the radial mass density field. Further, one can
apply the state-space phase variables, (z: z» z:)T, that from (1) gives the related state-space model of the robot
motion in the radial mass density field.

de  de de, de
e:(exeyez)Tzzl:(212223)T1E:( d'[x d'[y dtZ)T:Zu:(ZAZSZG)Tl (3)
and
01 0 .
dZ /dt=AZ(t)+Bu(t), A:{O O},Bz{l] | =diag[1, 1, 1]. (4

In (4), parameters A and B are constant matrices with dimensions (6x6) and (6x3), respectively. It is assumed
that the disturbances in a state-space model of the robot's motion in the radial mass density field (3) and (4) are of
the initial condition types. To eliminate the control error caused by disturbances in the radial mass density field,
one can introduce the following internal control:

ﬁ:%gm%deHKJVHQLJ{E+%E}, u(t)=-—Kz. (5)

Here, K is the state space controller, Z is the control error, F; is the potential force, F:is the time-variable force,
Fiis an interaction force, N is a constant, and c¢ is the speed of light in vacuum. Including the internal control
relations (3) and (4) into (5), one obtains the related equation of the potential force as a function of the radial mass
density value in the linear form:

F [rw(t)+K,Z,+K,,Z,,]—[Ft+%FI] (6)

p =Hpr maxrmin
Now starting from the previous relations, one can generate the new equations of the potential force I, as
functions of the potential energies U; and U..

U, ozU, oxy,
Fp =— LI aUC ) Fp == L+ aUC ) FP - -+ aUC ' (7)
" OX OX Y oy oy : oz oz

Here, j = g for the gravitational field, j = e for the electromagnetic field, and U. is the related control potential
field. It is followed by the inclusion of the control potential force, I, derived from the artificial control field with
potential control energy U. After including relation (7) into relation (6), one obtains the nonlinear control of robot

motion in the multi-potential field as a function of the maximal radial mass densityp, . :

F =lprmaxrmin [r(t)+ K|Z| + Kuzu]_|:|:dp + F1 +NF|:|' (8)
n C

cp

Now, using (8), the control of the nonlinear system is solved by employing the concept of external linearization
in the radial mass density field. Here, the obtained equations are functions of the radial mass density values.

The general approach to controlling the dynamics of robot motion in a radial mass density field for more
potential fields, given in (8), can also be applied to the two potential electromagnetic and gravitational fields. In this
sense, let a robot be an electrically charged particle with charge ¢ and rest mass mo that moves at a non-relativistic
velocity (v << ¢) in combined electromagnetic and gravitational potential fields. Further, it is also assumed that the
gravitational field is produced by a spherically symmetric (non-charged) body with mass M. In that case, the total
potential energy U of the robot motion in the two potential radial mass density fields is described by the relation:

U :qve +m0Vg :qve M (_%)’ Pr max :&1 U :qve +1prmaxrmin (_%j
r I n (9)

min r

Here, V. and V; are the related scalar potentials of the electromagnetic and gravitational radial mass density
fields, respectively. Parameter G is the gravitational constant, and r is the radius, representing the distance

between the autonomous robot and the center of mass M. Also, #=1,2,... 7 , Mo = Py max / Py min - NOW, applying (1)

and using the notations (E,H.) for an electromagnetic field and (E,, H;) for the gravitational field, one can generate
the vector equation as explicit functions of the Lorentz forces.

1 d?X 1 1 1
Eprmaxrmin —dt2 = q[Ee +EVX H9j+ﬁpf i [Eg +EVX ng. (10)
The parameters E.,, E, H. and H, are vectors described by the relations.
Eex ng Hex H 9x
E.=|E, | E;=|E, | He=|H, | Ho=|Hg | (11)
Eez Egz Hez H 9,

In this example, a robot is a particle with charge ¢ and rest mass ms, and therefore, this robot interacts with
both electromagnetic and gravitational radial mass density fields. In that sense, the relations (10) and (11) describe
the dynamics of the robot's motion in two potential fields: electromagnetic and gravitational. The components of
the vector E. and [, can be calculated using the following equations.

56

© 2026 by the authors; licensee Asian Online Journal Publishing Group



International Journal of Modern Research in Electrical and Electronic Engineering, 2026, 10(1): 54-61

o Y, o 0
e:_%_li, E :__g_li, E, :_%_1 A\*y, (12)
" ox ¢ ot % ox ¢ ot y oy ¢ ot
and
o, 1A, oV, _10A, NV, _10A,

E, =— —- , B, =——=2 v By =—— . (18)
Y oy ¢ ot : oz c ot : oz ¢ ot

The components of vectors A, Ag, He, and Hg in (12) and (13) are given by the relations.

vV A% 0 0. 1%} 0 .
A=) a o[ We) b BB AT s
' c ' c oy o ooy oz
and

0 0 O. 0. 0 O. 0 0.

. = A, _i1 H, :i_ A,  H, = Aev_i1 H, = Agv_i. (15)
Yoz ox Y o ox o ox oy Tt ox oy
Applying (6) and (7) to the canonical differential equations of the autonomous robot motion in the two-

potential radial mass density field results in the control error model of the robot's motion as a function of the
maximal radial mass density value:

n 1 1
é(t)=r, (t)- q - (Ee+cv><Hej—(Eg+Cv><HgJ, (16)
and
r(t)=—24 (Ee +1vw><He j—(Eg +1vwag j (17)
prmaxrmin ! c ! ! c !

In (17), r. is the vector of desired acceleration of the robot motion. The subscript w denotes the desired values
of the related variables. The next step is the application of the concept of external linearization to transform
Equation 16 into the new relation.

u(t)=r,(t)-—2 (Ee+iVXHe)—(Eg+iVng). (18)

r max min

Here, u(t) is the internal control vector, and n=1,2,.., 7. is the number of robot steps from the minimal to the
maximal radii in the radial mass density field. From (17) and (18), one obtains the related equivalent of the linear
control error model of robot motion in the combined electromagnetic and gravitational radial mass density field,
given by (6) and (7). Applying (18), one obtains the new relation as a function of the maximal radial mass density in
this form.

g, = ey (4)1K,2, 4K, 2, ]—(EVXHQJ—M(EQ +1v><Hg). (19)
nq C nqg C
Now, let the electric field E. consist of two electric components: E. = E«+ E.. Here, E is a disturbance electric
field caused by the influence of a two-potential field on the motion of the robot in the radial mass density field. The
component E. is an artificial electric control field that should control the robot motion in the two potential fields.
Including E. = E« + E. into (19), one obtains the nonlinear electric control of the robot motion in the two-potential
radial mass density field as a function of the maximal radial mass density.

1 I

r. )
g, =Pl (1)K, Z, 4K, 2, ]—(Ede +_VXHQJ_M(EQ +EVXH9). (20)
nq c nq c

Taking into account the relation (10), the canonical differential equations of the robot motion in the two-
potential radial mass density field can be rewritten as a function of the maximal radial mass density:

2
d”X :nq(Ede+Ece+1vaej+(Eg+1v><ng. (21)

dt? r C c

Applying the nonlinear control Ec. from (20) to the nonlinear dynamical model of the robot motion (21), one
obtains the closed-loop system in linear form:

d*X
dt2 =r(t)+KZ +K,Z,. (22)
Thus, Equation 20 is the nonlinear control, which in the closed loop with the nonlinear canonical differential
equations of the robot motion (21), results in the linear behavior of the whole system (22). In that way, the problem
of controlling the robot motion in the combination of an electromagnetic and gravitational radial mass density field
has been solved by employing the concept of external linearization. This is very important for the application of
micro and nanorobots in drug delivery across the human body.

prmax

3. The Other Methods of Application of the Radial Mass Density to Robot Control

The global positioning of robot manipulators with mixed revolute and prismatic joints is presented in [14].
This section illustrates how to apply the maximal radial mass density theory to this class of robots. The dynamic
model of the n-link rigid body robot can be described as a function of the maximal radial mass density:

d? dg.d
mo(q)wﬂm(q,d—‘j)d—fm(q):u, Mo(@) = Py i
(28)
d? dg.d
prmaxrmin(q)dt?_'_C(q’d_(t:])d_?_'_q(q):U’
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Here, ¢ is a (nxI) vector of robot joint coordinates, dg/dt is the related vector of joint velocities, U is a vector of
applied joint torques and forces, M, (¢) is (nxn) inertia matrix, and C(q, dq/dt)dq/dt is an (nx1) vector of centrifugal

and Coriolis torques. Further, ¢(g) is the vector of gravitational torques and forces, and p, ., 1s the maximal radial

mass density at the minimal radius. If the robot, described by (23), is in the closed loop with the nonlinear PID
controller, described by the relation.

d’q  dg . dg
U(t)=-(K + Ky —). 24
(1)=-(K, T+ K, Tk, S (2

Then the closed-loop system of the relations (23) and (24) resulted in the form that is the function of the
maximal radial mass density.

d*q dg dg
+C(q, = K K . 5
prmax mm(q) dtz (q dt ) dt +q(q) ( dt2 + d dt + | dt ) (Q )

The relation (25) can be applied for the parameter n =1,2,...,0; nax / Pr min - NOW, one can use the relation (25) in
the new form.

d’q Ntep dg d’q dq dq
dt* Pr max mm(q)( (q ) dt rala)+k, dt? " ¢ dt dat ) siep = M

/In

var *

(26)

Thus, using the relation (26), it is possible to control the robot’s acceleration by changing the numerical
parameter 7. In that way, by changing the parameter 7., it is possible to realize the most precise robot motion
control. This means that the radial distance between two points should be minimal if the 7. is maximal.

The dynamics of robot motion can also be described as a function of the alpha field parameters derived in the
Relativistic Alpha Field Theory (RAFT) [7]. In this theory, one can start with the potential energy of the robot
(particle) in the combination of electromagnetic and gravitational fields, U. and U, respectively. Now let ¢, m, V.,
and 7, be the robot’s (particle’s) charge, mass, electrical potential, and gravitational potential, respectively. Further,
G is the gravitational constant, M is the mass of the gravitational field, and c is the speed of light in a vacuum.
The potential energy of the robot in the combination of electromagnetic and gravitational fields is given by the
relations:

U:Ue+Ug=que—mGM, Uzzqu;—Gl\ﬁl, (27)
r mc mc”  rc
and
U qVv. GM
m=p .., =+ . (28)
e pr max mlnC pr max mlﬂC rC

The relation (28) can also be described as the function of the parameter »:

nU nqv, GM

=t e— n=1..n
c?

2 ! 1 max !

> rc

Ny, =N

step — ! 'max / My - (29)

pl’ max mln pl’ max m|n

If one wants to use the RAF theory in robotics, then it requires the introduction of the related alpha field

parameters. The solution of the field parameters for an electron in the two-potential electromagnetic and
gravitational fields is given as follows. In that sense, parameters ¢q and o'y are given by the relations.

. ngV, GM . ng vV, GM
o =1+i A% 5 o @1=1-1 e > - (30)
Pr maxfmin¢~ IC Pr maxfminC~ IC
For parameters @y and 'y .
. nqvV, GM . ngvV, GM
(22) =1-i a4 Ve 5 5 0['2 =1+i a4 Ve 5 T o - (81)
PrmaxfminC~ € Pr maxfminC~  IC
For parameters azand a'3.
. ngV, GM . ngV GM
3 =1+ e 7 5 @3=-1-1 e 2" 2 (32)
Pr maxminC rc Pr maxfminC rc
and for parametersagand o'y .
. nqV. GM . nqV, GM
oy =-1-i qVe 5o s Qg =—1+i qVe ST+ (39)
Pr maxfminC~  IC Pr maxfminC~  IC

Now one can introduce the generalized Lorentz-Einstein parameters for an electron in a two-potential
electromagnetic and gravitational field. These parameters are described by the following equations:
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- 1-1/2
, gV GM
21 5~ o c-v
v2 Prmax'min® ¢ (34)
Hio=|1- v, oM nqv,  GM '
N e _ N e _
Pr maxrmin r Pr maxrmin r

Thus, the solutions of the H:. are symmetric to the solutions of the parameters H...

The previously presented two potential fields can be generalized by applying the multi-potential field as a
function of the field parameters a and . To derive a four-potential vector A4 of the related potential field, recall the
general Hamilton function, H, for weak potential fields:

Upyv Upyv Upyv Mmi
H:_Cé,l[px_ é)sz_Cé,z(py_ szyJ_C§3[pZ_ ;)ZZJ_ﬂprmaxmmcz_'_Up’

n

(85)

N=1. Npay. Nstep = Nmax / Nyar -

Here, U, is potential energy, (p., p, p-) is a three-momentum vector, (v, v, v:) is a three-velocity vector, and {,, .,
¢, and B are the well-known Dirac matrices. If an electron moves with a constant velocity v << ¢ in an
electromagnetic field with scalar potential, 7, then one should use the following relations.

UpVX:ﬂVVx_q UpVy:ﬂVVy_g UpVZ:ﬂVVZ :HAZ (56)
¢ cc ¢ ¢ cc ¢? ¢ cc c

Here, ¢ is the electric charge of an electron, and (4., 4, 4:) is the three-potential vector of the electromagnetic

field. Including (86) into (85), one obtains the well-known Hamilton function for Dirac’s electron in an

electromagnetic field.
. ﬂ Pr max rmin
n

H =—C§1(PX—%AXJ—CQ/Z(P},—%ij—ng(PZ—QAZ

2
c +qV.
c q (37)

On the other hand, if a robot (particle) is moving with constant velocity v << c in a gravitational field, then,
according to the previous procedure, one should use the following relations.

_ P max"minGM _ Pr max'min Vv UpVx  Prmaxfmin VgVx  Prmax"min

U, = = , . (38
P nr n 9r 2 nc c nc Ay, - (58)
and
U pVy _ Prmaxmin VgVy _ Pr max'min Ag U pVz  PrmaxTmin Vsz _ Pr max"min Ag (59)
G nc c nc y'oe2 nc c nc z

In the relations (38) and (89), G is a gravitational constant, M is a gravitational mass, ¥, is a gravitational
scalar potential, and (A, Ao, Ax) is a three-potential vector of the gravitational field. Including (39) into the
equation (37) yields the Hamilton function H; for the particle in a gravitational field:

Pr max "mi Pr max "mi
Hg:_cé,l{PX_ r max'min Ang_cé,z(Py_ r max'min Agyj

nc nc (40)

—cg“{PZ _prma‘Xr’“”‘Agzj_ﬂpr maxmin 24 Pr max min v,

nc n n
Generally, if the robot velocity v in a potential field is constant, then the four-potential vector A4 can be derived

as a function of the field parameters a and o':
2
c \Y
A=[ A AR A% AT =2 (@ -1), A= A=ATX (1)
n (¥

and
v v v
A1=AX=A0?X, A2=Ay:A°?y, A3=AZ=AO?Z. (42)
Now, the components of the field tensor F; of the potential field can be calculated using relations (41) and (42)
and the well-known procedure.
oAl oA
Fi =0 ~ o
OX OX
As a result of this calculation, one obtains the well-known anti-symmetric tensor Fj of the potential field in the
tollowing form.

, i,j=01,2,3, X:[xo,xl,xz,x3]=[ct,x,y,z]. (43)

0 Fo1 Fpz Fos 0 Fou Foz Fos

R = Fo 0 Fy Hag _ —Fon 0 Fy—Fg3 _ (44)
Foo Fau 0 PRy —Fo2—F2 0 P
Fso Fs1 Fs2 O —Fos F3—Fx3 0

This tensor can be employed for the derivation of the related Maxwell-like equations in a vacuum.

Following the previous consideration, one can introduce the normalized scalar potential A1?1 of a multi-

potential field in the dimension of specific potential energy:

An =2 () =(ea’j=1)e?, j=1.2.0m, ()
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where term aa’ has to be calculated by employing the relations (30) to (33).

n2u,.
(ac)=|1+—P | j=12..n (46)
Pr maxTminC
The relations (45) and (46) tell us what the normalized scalar potential A,% really is.
n2uU
p; .
Al — T j=1,2,..n, n=1...,Npax. Nstep = NMmax / MNvar - (47)
Pr max fmin

In recent decades, a wide range of robotic systems has been created, mostly inspired by animals. Engineers
have developed various robotic systems such as four-legged robots, snake robots, insect robots, and fish robots
[257]. Following this, it is possible to control this class of robots using the radial mass density field theory.

4. Illustrative Example: Calculation of the Robot Motion in Radial Mass Density
Field

The gravitational field with the mass M, has the maximal and minimal gravitational radial mass densities given

in[117.

M 2
o max. = 9 — (L+x)C =2.693182-10% kg /m, (48)
and
M _ 2
b =8 = A7RIC _  688779.10%kg /m (19)
rmaX

The numerical values in (48) and (49) are constant and are valid for all amounts of the gravitational masses M..
In relations (48) and (49), the parameter kK is the energy conservation constant calculated in Chautems, et al. [117]
using Planck’s mass and Planck’s length,
2GM , 2GM ,
b= 5 K= 5 —1=0.99993392118. (50)
(1+x)c Loc
Thus, the value of k is close to one but less than it. Using the combination of Equations 21 and (48), one
obtains the canonical differential equations of the robot motion at the minimal gravitational radius with the
maximal radial mass density.
d?X ng
dt?  2.693182-10%

1 1
[Ede + E., +EVX He)+[Eg +Ev><ng m/kg, (51)

n nmax / nvar "

step —

By changing parameter n = I, 2, ..., 7. and using parameter 7., one can achieve the desired acceleration and
precise control of robot motion within the control region. Additionally, combining (21) and (48) yields the
canonical differential equations of robot motion at the maximal gravitational radius, with minimal radial mass

density.
2
d )2< = ng 23(Ede+Ece+1v><He)+(Eg+1v><ngm/kg,
dt>  0.888779-10 c c (52)
nstep = r]max /nvar'

Now, by changing parameter n = 1, 2, .., 7. and variable parameter 7., one can obtain the desired acceleration
and precise motion of the robot control in the related region. The ratio between the maximal and minimal radial
mass densities can be calculated using the relation.

_ Prmmax _ 2.693182-10%
Ormmin  0.888779-10%

n =3.030204-10%.

max
(53)

This ratio is the constant and is valued for all amounts of the gravitational masses.

Following the previous equations, one can calculate the maximal steps, 7.,, between maximal and minimal radii
in a gravitational field. FFor the precise motion of robots in the gravitational radial direction, one can introduce the
variable step of the robot's motion, 7... In that case, it is possible to select (change) the scale of the desired step of
the robot's motion in the radial mass density field.

For example, let the variable step of the robot's motion in the radial direction be given by the amount 7. =
100. In that case, the number of robot steps 7., from the minimal to the maximal radii has the value.

Nowe  303.0204-107
n 100

In this calculation, a robot needs 303 steps of motion from the minimum to the maximum radius in the radial
direction. If the robot's motion is not radial, the related projection of the radial trajectory should be used for the
desired robot trajectory. The next example relates to the possibility of introducing the potential energies at the
minimal and maximal gravitational radii, Ugm. and Us ... In this case, it is possible to calculate the minimal and
maximal radial lengths, Lew and Lew, respectively, using the relations.

_ 2 mOG Prm max r-min 2moG Prm max rpmin

=303.0204steps. (64)

Step —
var

M = r.., L min — = ’
g prm max “min g Ugmin (1+ K) CZ (55)
and
2mGprmmin rmx 2r‘n(':":)rmminrmin
Lgmax = - == - 2 : : (56)
Ugmax (l-x)c
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From relations (55) and (56), one can see how potential energies in the gravitational field influence the robot's motion in

that field.

5. Conclusion

This article is based on the new Relativistic Radial Density Theory (RRDT) that has been applied to the
control of robot motion in potential fields. The robot's motion is calculated from the minimal to the maximal
gravitational radii and vice versa. When the robot's motion is not in the radial direction, it is necessary to
transform the radial coordinates into rectangular ones using the related projection. It is shown that the maximal
radial mass density occurs at the minimal gravitational radius. Conversely, the minimal radial mass density happens
at the maximal gravitational radius. Furthermore, both maximal and minimal radial mass densities can also be
described as functions of the energy conservation constant k. In this context, the related gravitational length, time,
energy, and temperature can be represented as functions of the Planck length, time, energy, and temperature,
respectively. Finally, it is concluded that the precise control of robot motion in combination with electromagnetic
and gravitational fields can be achieved by introducing the variable step of the robot's motion. In that sense, one
can introduce the variable number of steps, 7., between maximal and minimal radii in the gravitational field by
using the relation 7. = 7w / 7. In that case, the smaller value of the parameter 7. results in a larger number of
steps, 7., and vice versa. Thus, the bigger 7., gives more precise control of the robot motion in the radial mass

density field.
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