https://vestnik-donstu.ru

14

Advanced Engineering Research (Rostov-on-Don). 2025;25(1):14-22. eISSN 2687-1653

MECHANICS
MEXAHHUKA

W) Check for updates
BY

UDC 531.133.1 Original Theoretical Research
https://doi.org/10.23947/2687-1653-2025-25-1-14-22

Analysis of a Four-Legged Robot Kinematics during Rotational E E
1
Movements of Its Body .

Marecelino J. Fernando"~', Gasan R. Saypulaev' = D<, Musa R. Saypulaev E
National Research University MPEI, Moscow, Russian Federation

D4 saypulaevgr@mail.ru EDN: YINENP

Abstract
Introduction. Walking robots are widely used in industry due to their unique capabilities for moving on uneven and

complex surfaces. To provide high precision in controlling their movement, it is required to develop mathematical models
and algorithms for planning the robot movement along various trajectories. A key aspect of the motion control system of
walking robots is the planning of their leg movements. Despite significant advances in the field of modeling the kinematics
of quadruped robots, existing scientific publications do not provide a complete kinematic model for robots similar to the
Mini Cheetah. This research was aimed at the development of a kinematic model of a quadruped robot based on Mini
Cheetah, as well as the formulation of recommendations for optimizing its gait to provide rotation around various axes.
The creation of such a model will improve the smoothness and accuracy of the robot movements, which, in turn, will
increase its efficiency under real production conditions.

Materials and Methods. The process of constructing a kinematic model of the robot was based on the use of formulas for
the geometry of spatial motion of solids. To test the efficiency of the proposed algorithms for moving the robot legs when
performing rotational movements of its body, numerical modeling of the robot kinematics was used. Numerical
calculations were performed using the Wolfram Mathematica package.

Results. The laws of changing the endpoints of the robot legs during its rotation around the vertical axis were proposed.
The conducted numerical modeling of the robot kinematics covered the rotation of the body at the course, roll and pitch
angles. Based on the simulation results, it was established that the dependences of the rotation angles of the leg links were
periodic functions. The considered rotational movements of the robot platform could take place without the occurrence
of singular configurations.

Discussion and Conclusion. The results of numerical modeling of the robot platform rotation movements confirmed the
operability of the proposed leg transfer plan, which allowed for smooth movement of the robot body and avoidance of
singular configurations. The resulting kinematic model can be used to control the robot motion at the kinematic level
when moving along curvilinear trajectories. As a prospect for further research, it is worth highlighting the development
of a mathematical model of the dynamics of a four-legged robot, as well as the creation of laws for controlling its
movement at a dynamic level. This will significantly expand the functionality of the robot and increase its efficiency
under various operating conditions.
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AHaJIM3 KMHEMATHKH 4YeTBEPOHOroro po6éoTa nNpu NOBOPOTHBIX ABHKEHHUSIX €r0 KOpIyca
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HammonansHeli nccnenoBatensekuil yausepeutetr «MOW», r. Mocksa, Poccuiickas denepanus
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AHHOTaNUs

Beedenue. laratomue poOOTH HaXOAT MIMPOKOE NPUMEHEHHE B MPOMBIIUICHHOCTH OJlarojiapsi CBOMM YHUKaJIbHBIM
BO3MOKHOCTSIM IIepEIBIKEHHS 110 HEPOBHBIM H CJIOKHBIM ITOBEPXHOCTAM. [y oGecriedeHns BEICOKOH TOYHOCTH yIIpaB-
JICHUS MIX IBW)KEHHEM Heo0X0IUMO pa3paboTaTh MaTeMaTHIeCKHE MOJIEIH U AJITOPUTMBI INTAHUPOBAHHMS IIEpeMEIeHHs
poboTa N0 Pa3IMYHBIM TpaeKTOpusIM. KITI0UeBBIM aClIeKTOM CHCTEMBI YIIPaBJIeHHs ABIKSHHEM LIaralolux poOOTOB sB-
JIsieTCsl IUTAaHUPOBaHKE TIepeMelieHnii ux Hor. HecMoTpst Ha 3HaYUTeNIbHbIE JOCTH)KEHHS B 00JIaCTH MOJIEITMPOBAHUS KH-
HEMaTHKH YE€TBEPOHOTHX POOOTOB, B CYLIECTBYIOIINX HAYYHBIX ITyOIMKALMAX HE IPEICTaBICHO IIOJHOLEHHON KHHEMa-
THYECKOH MOZIeNH Ut poOoTOB, aHanorndHbix Mini Cheetah. Ilens nanHo# paboThI 3aKiTodaeTcst B pa3padoTKe KHHEMa-
THYECKOH MOJIE/N 4eTBEpOHOroro podora Ha ocHoBe Mini Cheetah, a Taxoke B pOopMyIHpPOBaHHH PEKOMEHIAIUH 1O OTI-
TUMH3AIMN €ro TIOXOJKH /I 00ecIedeHus BpalleHns] BOKPYT pa3inuHbIX oceld. CoszaHne Takoi MOJIENH TTO3BOJHT
YIIYYIIUTh TUIABHOCTh U TOYHOCTH JIBU)KEHHH po00Ta, 4TO, B CBOIO OYEpE/lb, MOBBICUT €ro AP (PEeKTUBHOCTh B PeaIbHBIX
IIPOM3BOACTBEHHBIX YCIOBHSX.

Mamepuanst u memoost. IIpouiecc NOCTPOSHUST KHHEMATHUECKON MOJIENIM poOOTa OCHOBAH Ha MCHOJIB30BaHUH (HOpMYIT
TEOMETPHH POCTPAHCTBEHHOTO IBM)KEHHUS TBEPABIX Tel. s npoBepku 3pHeKTHBHOCTH MPEATIOKEHHBIX AITOPHTMOB
nepeMelieHus: Hor podoTa Mmpu OCYIIeCTBICHUH TOBOPOTHBIX ABWKEHHI ero KopIyca ObUIO0 IPUMEHEHO YHCIEHHOE MO-
JeJMpOBaHHe KMHEMATHUKH Po00Ta. YMCIEHHBIC pacdeThl BBHIIIONHEHBI C HCIOIb30BAaHHEM MATEMaTHYECKOTO MaKeTa
Wolfram Mathematica.

Pesynvmamut uccnedosanus. [IpeionkeHpl 3aKOHBI K3MEHEHHUSI KOHEYHBIX TOYEK HOT POOOTA IPH €T BPaIeHHH BOKPYT
BEpTHKaJIbHOI ocH. [IpoBesieHHOE YHCICHHOE MOJISTUPOBaHHE KHHEMATHKU pOOOTa OXBATHIBAJIO TOBOPOTHI KOPITyCa 110
yrilaM Kypca, KpeHa 1 Tanraxa. [1o pe3ynpraTraM MOACIMPOBaHUS yCTAHOBICHO, YTO 3aBHCUMOCTH YIJIOB IOBOPOTA 3Be-
HbEB HOT SIBJISIOTCS NEPHOINYECKIMHU (PYHKIUSMH.

PaccMoTpeHHBIE TTOBOPOTHBIC IBIDKEHHS IIAaTGOPMBI podoTa MOTYT HPOUCXOMUTH Oe3 BO3HUKHOBEHHS CHHTYJISPHBIX
KOH(UTYpanuii.

Obcyacoenue u 3axknrouenue. Pe3ynbTaThl YHCICHHOTO MOJCIUPOBAHMUS MOBOPOTHBIX JIBIKCHHH IU1aTGopMbl poboTa
HOATBEPUIH pabOTOCIIOCOOHOCTh NPEITI0KEHHOTO IJIaHa TIEPEHOCa HOT, KOTOPBIN MTO3BOJISIET OCYIIECTBIATD IIABHOE
IBIKEHHE KOpIyca poboTa W m30erath CHHIYJISIPHBIX KOHurypauuid. [lonydeHHas KHHeMaTHYecKass MOJEIb MOXET
OBITH MCIIOJIb30BaHA JIJIsI YIPABIICHUS JBIKCHUEM POOOTa Ha KWHEMAaTHYEeCKOM YPOBHE TP TIEPEMEILEHUIX 110 KPUBO-
JMHEHHBIM TpaeKTOpUsAM. B kadecTBe MepCreKTUBBI VIS JaIbHEHIINX HCCISIOBaHUN CTOUT BBIIEIHUTH pa3paboTKy Ma-
TEeMaTHYECKOI MOJIENIN AMHAMUKY YE€TBEPOHOTIOro pod0Ta, a TakKe CO3[aHKe 3aKOHOB YIPaBJICHHs €ro JBHKCHUEM Ha
JMHAMHYECKOM YPOBHE. DTO MO3BOJHT 3HAYUTENHHO PACIIUPUTE (DYHKINOHATIBHBIE BO3MOKHOCTH POOOTa M MOBBICHTD
3¢ PEKTUBHOCTD €ro PabOThI B Pa3IMYHBIX YCIOBHUIX SKCILUTyaTalluH.

KiroueBble c10Ba: 4YeTBEpOHOTHH POOOT, OOpaTHAas KWHEMAaTHKa, MOOWIBHBIA POOOT, KMHEMAaTHYECKas MOJEINb,
TUTaHUPOBAHKE JIBMXKEHHUS

BaarogapHocTH. ABTOPHI BRIPAXXalOT MPU3HATENHFHOCT KojuteraM ¢ kadeapst PMulIM «HUY «MDW» 3a 1ieHHBIC
3aMeuaHusl, BbICKa3aHHbIE B X0JI¢ PaOOTHI HaJl My OJIMKaI1eH.

Jas uutupoBanus. @epuango M.XK., Caitirynaes I'.P., Caiirrynaes M.P. AHanmu3 KHHEMaTHKH 9€TBEPOHOTOTO PoOOTa
MpH TMOBOPOTHBIX JBMXKCHUAX ero kopmyca. Advanced Engineering Research (Rostov-on-Don). 2025;25(1):14-22.
https://doi.org/10.23947/2687-1653-2025-25-1-14-22

Introduction. Currently, walking mobile robots are widely used to solve problems of observation and exploration of
territories [1]. An example of one of the common designs of such robots is the four-legged robot Mini Cheetah (Fig. 1),

developed at MIT Biomimetic Robotics Lab (https://biomimetics.mit.edu). These four-legged robots can move on various
types of terrain, unlike wheeled or tracked robots.
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Fig. 1. Four-legged robot Mini Cheetah !

The design of the walking robots under consideration includes a platform to which four legs are attached. Each of the
legs is a three-link manipulator. One of the key aspects of a walking robot is the topology of its leg structure [2, 3]. The
topology of the legs refers to the composition and arrangement of the links, as well as the hinges of the limbs of a four-
legged robot, which play an important role in providing its movement and stability. The development of an optimal
topology for the leg structure of quadruped robots is one of the challenges in engineering. The solution to this problem
not only helps to provide stable and efficient gait (locomotion) of the robot on various surfaces, but also makes its
mechanical design more reliable and energy efficient.

Another aspect that needs to be considered is the drive system applied in quadruped robots [4]. Different types of
drives are widely used in such robots, including pneumatic [5], hydraulic [6, 7], and electric [2, 6], each of which has its
own advantages and disadvantages.

Four-legged robots have complex kinematics due to a large number of degrees of freedom. The robot considered in this paper
has 18 degrees of freedom. To provide successful locomotion of four-legged robots, it is necessary to solve both direct and inverse
problems of kinematics, which allows organizing dynamic control of the position of the legs of these robots. This control should
provide the robot balancing, the ability to overcome various surfaces, and adaptation to various types of locomotion, including
walking, running and jumping. The direct problem of walking robot kinematics is to determine the position and orientation of the
robot platform based on the known rotation angles of the leg links. The inverse problem is to find the rotation angles of the leg links
that provide a given position and orientation of the robot platform.

Paper [8] described in detail the application of the Denavit-Hartenberg method for modeling the forward and inverse kinematics
of a walking robot. The study on the kinematic model of the robot was conducted with the aim of creating a gait algorithm.

The authors of [9] developed advanced kinematic and dynamic modeling methodologies based on the screw theory
for quadruped robots. The proposed methods accounted for different gaits and leg mechanism topologies using simplified
models of foot contact (e.g., a ball-and-socket model). Models were described for three separate phases of robot motion:
standing, walking, and unsupported (flying) phase. The developed control strategies used the presented models for gait
planning and jogging.

In recent years, scientists have been working on control and trajectory planning systems. The motion control method is the
basis of a four-legged robot, directly affecting flexibility, stability and the ability to adapt to various support surfaces [3].

The authors of [10] specified the design of a regulator for the force control of a four-legged robot. The main purpose
of the regulator was to equalize the forces acting on the robot during symmetrical gait, as well as to reduce disturbances
and absorb impacts.

In [11], a new motion control strategy for a quadruped robot that enabled it to navigate efficiently on uneven terrains
regardless of visual perception conditions was proposed. Paper [12] discussed the design of a motion controller for a
quadruped robot that used torque optimization and performance control to account for the impact of unpredictable external
forces such as surface irregularities.

Experimental studies devoted to the application of hierarchical controllers for motion control of quadruped robots
were presented in [13], illustrated by the ANYmal robot, and in [14], exemplified by the StarlETH robot.

In [15], the authors discussed the development of a quadruped robot designed for construction and emergency response
tasks. Their paper examined the statics, kinematics, and control system for the specific design of this robot.

Finally, in [16], a new central pattern generator model controller and gait switching tactic based on the Wilson-Cowan
model were presented. This development aimed to create a smooth robot gait and reduce the adjustment time in the
oscillating mechanical system.

Despite the development of the problem of modeling the kinematics of quadruped robots, in existing publications
there was no complete kinematic model of the motion of robots whose leg design was similar to the Mini Cheetah
robot (Fig. 1). Therefore, the objective of this work was to develop a kinematic model of a quadruped robot using the
example of the Mini Cheetah and to develop proposals for planning the movements of the robot links that could provide
the rotation of the robot around various axes.

! Massachusetts Institute of Technology. URL: https:/news.mit.edu/2019/mit-mini-cheetah-first-four-legged-robot-to-backflip-0304 (accessed: 07.11.2024).
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To achieve the stated goal, we needed to formulate the laws of change of coordinates of the endpoints of the robot legs
and angular coordinates of its body. It was also necessary to solve the inverse problem of robot kinematics to check the
operability of the proposed motion plan. The results obtained can be used to develop robot control at the kinematic level.

Materials and Methods. System Definition. The object of the study is a robotic system consisting of a rigid body
(robot platform) and four legs with three degrees of freedom for each of the legs. The links of the legs are connected to
the robot platform by several hinges, which are driven by electric drives. Angle B, is the angle of rotation of link O;4;
around the longitudinal axis of the robot body and characterizes the rotation of the plane of the leg (containing points
A;, B, K;) relative to the vertical plane of symmetry CXZ. And angles a;, B; characterize the rotation of links 4;B; and B;K;
in the plane of the leg. The hinges of the leg links at points O;, 4;, B; are controlled, i.e., the rotation of the leg links at
angles o;, o;, B; is provided independently by the corresponding drives.

Fixed coordinate system XYZ and moving coordinates Cxyz are introduced, where point C is the geometric center of
the robot platform (Fig. 2 a). The orientation of the robot platform is described by course angles y (rotation around axis z),
roll O (rotation around axis x) and pitch y (rotation around axis y), and the position of the robot platform is determined by
the coordinates of the geometric center x¢, yc and z¢ in the fixed coordinate system.

The distances along the longitudinal and transverse axes of the robot platform from the center of mass C and the
attachment points of the legs to the robot platform O; in the moving axes x;yiz; are specified by py; and p,;. The lengths of

the links are designated as 7, = ‘Ol-A,-I, I, = ‘A,-B,-I, 1, = ‘B,-K,-I (i=14) (Fig. 2 b).

O, 0,

a)

Fig. 2. Kinematic diagram of the robot:
a — top view of the robot body; b — side view of the robot leg

In projections onto the axes of the fixed coordinate system XYZ, the position vector of the endpoint of the leg K; (or the point
in contact with the surface) is determined from the formula:

P =Tc + 1 yg, (7001' + Foui + L pi (FAiBi +’_;Bil<i))’ (D
where 7o =(x¢  ye  zZe )T — position vector of the geometric center of the robot platform C; I'yy = I'y['eI"y — rotation

matrix, which is calculated as the product of the elementary rotation matrices by the course, roll, and pitch angles. The
rotation matrices included in equation (1), have the form:

cosy —siny 0 1 0 0
Iy =|siny cosy 0| Ty=0 cosO -—sin0 |,
0 0 1 0 sin® cosH @)
cosy 0 siny 1 0 0
r,=( 0 1 0 |, Tg=|0 cosB; —sinp,; |

—siny 0 cosy 0 sinP, cosP;
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Other radius vectors included in equation (1) are determined from the expressions:
- T - . T
rcoi :(sz P yi 0) , Yoidi :(0 =1y sin3; -, COSB;) ) 3)
- . T . T
Fugi =(—lhcosa; O —lsinoa;) , Fpg=(-lycose, 0 —l,sing;) ,
here, the superscript “T”” means the vector transpose operation.
After performing intermediate calculations on the right side of equation (1), taking into account expressions (2) and (3), we

obtain projections of the position vector rx; for each leg.
Differentiating equation (1) with respect to time, we obtain a kinematic model in the form:

v =ve +Jy (qwey)qawﬁi)qWey +J; (qwey:qa(pﬁi)qWBi’ 4
where g,q, = (¥ 6 y)T — vector of angular generalized coordinates of the robot platform; g,e; = (B, o, ©; )T — vector
of angular generalized coordinates of the robot leg links; vy, = (%5, Vi Zx )T — vector of linear velocity of the endpoint of
the i-th leg; ve=(%c Jye Zc )T — vector of linear velocity of the geometric center of the robot platform;

Jo (qwev G oopi ),J ; (q“,ey G oopi ) — matrices of coefficients for the corresponding vectors of generalized velocities.

Research Results. To analyze the rotational motions of the robot by solving the equations of motion geometry (1) (or
integrating the kinematic equations (4)), we set the initial conditions for the rotation angles of the leg links and the laws
of change in the velocities of the endpoints of the legs vx;, the geometric center of the robot platform vc¢ and the vector of
angular generalized coordinates gy, Considering the rotational movements of the robot platform, we assume that the
geometric center is stationary during the movement v¢ = 0.

As the initial position of the leg links, we take the following angle values @;, o, ; (i = ﬁ) for each of the legs:
¢,(0)=120°, &, (0) = 60", B, (0)=0".(i =1,4). (5)

The given combination of angle values @;, o, B; (7 = l,_4) corresponds to the robot standing on semi-bent legs, which

is presented in a simplified visualization (Fig. 3) made in Wolfram Mathematica. The following values of the robot
geometric parameters were used in the visualization: [o=0.15m, /; =0.45m, [, =0.45 m, py1 = px2 = —px3 = —pwus = 0.5 m,
Pyt = P2 =—Py3 = pya = 0.25 m.

/’l_f___i___f____i___i
|

Ty
B ]

Fig. 3. Simplified visualization of the robot initial position

To perform periodic rotary movements of the robot platform, limited only by the roll angle, we set the laws for
changing the orientation angles of the platform in the form:

G(t):eo +ASil’l[27‘C%J, '\/(t):'\/o, W(I)ZWO’ (6)

where yo = 0°, 8o = 0°, yo = 0° — initial values of orientation angles; A = 0.2 rad and 7'= 20 s — constants characterizing
the amplitude and period of oscillations by angle. Since it is optional to move the legs when the robot platform is rotated
along the roll angle, the coordinates of the contact points of the legs with the support surface remain unchanged (vx; = 0):

Xk (t) =Xy (0) Vi (t) =Yk (0) Zgi (t) =0. (i = 1,...,4) , @)
where xx;(0) and yxi(0) — initial coordinates of the contact points of the robot legs with the support surface.

Solving equations (1) with respect to (2) and (3), when substituting the program motion (6) and (7), we obtain the
dependences of the rotation angles ¢;, a;, B; of the leg links (Fig. 4).
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Fig. 4. Roll angle turn simulation results: a — angles ai(f); b — angles ¢,(¢); ¢ — angles Bi(?)

According to the results of the simulation presented in Figure 4, it can be noted that the rotation angles of the leg links
are harmonic functions. As a consequence, it can be mentioned that the rotations of the robot platform around the longitudinal
axis of symmetry of the robot (6) can be performed without tearing the contact points of the legs from the surface.

To perform periodic rotary movements of the robot platform, only in pitch angle, we set the laws for changing the
orientation angles of the platform in the form:

8(¢)=06,, y(t):y0+Asin(27t%j, v () =y, )

When the robot platform rotates along the pitch angle, the transfer of the legs is optional, and the coordinates of the
points of contact of the legs with the supporting surface remain unchanged.

Solving equations (1) taking into account (2) and (3), and substituting program movements (7) and (8), we obtain the
dependences of the rotation angles ¢;, a;, ; of the leg links (Fig. 5).

o

a, [0F%
65"
1= 3,4 125
i= 1’2 * . 115
50 105
5 10 15 4s 5 10 15 4s
a) b)

o
i

0.60

056

0.52

5 10 15 4s
)

Fig. 5. Pitch angle turn simulation results: @ — angles 0:(¢); b — angles ¢i(¢); ¢ — angles Bi(?)
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According to the simulation results presented in Figure 5, it can be noted that the rotation angles of the leg links are
harmonic functions. As a consequence, it can be mentioned that the rotations of the robot platform around the transverse
axis of symmetry of the robot (8) can be performed without tearing the contact points of the legs from the surface.

To perform rotation around axis Z, we consider the laws of changing the orientation angles of the robot platform in the form:

9(’)=90’ Y(f)=Voy \;/(l)=\|/0—wzt, 9
where o, = 0.085 rad/s angular velocity of rotation of the robot platform.

To provide the rotation of the robot around the vertical axis, it is required to plan the movement of the legs. Let us
consider the case when the trajectories of the contact points of the legs in projections onto the horizontal plane XY belong
to a circle of radius p. In this case, we will assume that the axis, around which the rotation of the robot platform occurs,
passes through the geometric center of the platform. Then, the expressions for the coordinates of the endpoints of the legs
can be determined from the relations:

Xk = PSin(szB +oy ) Y1 = _pCOS(O‘)ZA13 +0oy )
Xg2 =Psin(®.Ay +0,), Ygs =—pcos(0.Ay+a,),
X3 =psin(0 A +03), ygs= —pcos(o) A +as),
Xgq =Ppsin(®.Ay +0y), Ygs=—pcos(0.Ay+oy),

).
(10)
Zgl =Zgy = {sgn(sm( j} :| hy sin mj,
T
Zgy =Zga = l:sgn[sm[——nD+l} hy sin[%—n},

1

where p=+/p% +p%; O; = arctan(py,- /p X,-) — angle characterizing the position of the endpoint of the i-th leg at the

initial moment of time; 4x = 0.3 m — maximum height to which the endpoints of the robot legs rise; 71 = 6 s — time of
one step; A3, A4 — auxiliary functions used to provide a piecewise assignment of the change in the coordinates of the

endpoints of the legs:
A= [sgn[sin (%)J+l](r)mod(]})+(t +%—(f—%)mod(ﬂ )J,
1

A24=[sgn(sin(%—nn+I:l-(t+%jmod(ﬂ)+(f—(t—Tl)mod(Tl)).

an

1
Here, function (f)mod(T)) returns the remainder of the integer division ¢ by 7). The piecewise character of the
coordinate change assignment is associated with the consideration of gaits (elementary leg movements), in which a
sequential transfer of the crossed legs is performed.
Solving equation (1) with respect to (2) and (3), when substituting the program movement (9)—(11), we obtain the
dependences of the rotation angles ¢;, a;, B; of the leg links (Fig. 6).

o

ai:o (Pia
60 60 i
50 1E 50 "'
0 il 40
30 | 30%
20+
10 20 30 40 50 60 ¢s 10 20 30 40 50 60 ¢5s
a) b)

i=1 i=4

¢

Fig. 6. Course angle turn simulation results: @ — angles ai(f); b — angles ¢i(¢); ¢ — angles Bi(?)


https://vestnik-donstu.ru/

Fernando MJ, et al. Analysis of a Four-Legged Robot Kinematics during Rotational Movements of Its Body

The simulation results show that the dependences of the rotation angles of the leg links are periodic functions and, as
a consequence, the considered rotational movements of the robot platform can take place without the occurrence of
singular configurations. Thus, the proposed plan for transferring the legs (10), (11) during rotation around vertical axis Z
is suitable for implementing the rotation of the robot at an arbitrary angle .

Discussion and Conclusion. The constructed mathematical model of kinematics allows for the determination of the
angles in the joints of the robot leg links, which must be provided to implement the desired movement of the robot
platform. The obtained results of numerical modeling of the rotary movements of the robot body confirmed the operability
of the developed kinematic model for assessing the implementation of the specified robot movements, taking into account
the limitations and dimensions of the structure.

In cases where the robot platform performs a flat motion (at zero pitch and roll angles), the constructed mathematical
model of kinematics coincides with the published results of other authors. The results obtained in this paper are a
generalization and refinement of the equations that couple the rotation angles of the robot leg links with the position and
orientation of the robot platform.

The application of the developed kinematic model (1), (4), as well as the proposed plan for transferring legs (10), (11)
during rotation around the vertical axis, will allow constructing control at the kinematic level for the robot movement
along curvilinear trajectories. This approach will significantly expand the robot functionality and increase its performance
efficiency under various operating conditions.
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