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Posture-position control is the fundamental technology among multilegged robots as it is hard to get an effective control on rough
terrain. )ese robots need to constantly adjust the position-posture of its body to move stalely and flexibly. However, the actual
footholds of the robot constantly changing cause serious errors during the position-posture control process because their foot-ends are
basically in nonpoint contact with the ground. )erefore, a position-posture control algorithm for multilegged robots based on
kinematic correction is proposed in this paper. Position-posture adjustment is divided into two independent motion processes: robot
body position adjustment and posture adjustment. First, for the two separate adjustment processes, the positions of the footholds
relative to the body are obtained and their positions relative to the body get throughmotion synthesis.)en, according to the modified
inverse kinematics solution, the joint angles of the robot are worked out. Unlike the traditional complex closed-loop position-posture
control of the robot, the algorithm proposed in this paper can achieve the purpose of reducing errors in the position-posture
adjustment process of the leg-foot robot through a simple and general kinematic modification. Finally, this method is applied in the
motion control of a bionic hexapod robot platformwith a hemispherical foot-end. A comparison experiment of linear position-posture
change on the flat ground shows that this method can reduce the attitude errors, especially the heading error reduced by 55.46%.

1. Introduction

)e adaptability of multilegged robots to rugged and complex
terrain is mainly reflected in position-posture and gait ad-
justment. )e research on position-posture control of the
robot is generally divided into open-loop and closed-loop
position-posture control. In terms of open-loop control,
Jimenez et al. observed the position posture changes of the
robot body through sensors, solved the foothold coordinates
of the target horizontal posture and target position, and re-
alized posture control. Actually, it was only intermittent
posture and position correction method [1, 2]. Loc et al.
adjusted the robot body to a specific height and posture
according to the estimated tilt of the support surface [3]. Lee
and Orin paid attention to the position of the robot body and
the searching algorithm of the foothold and did not involve
the adjustment of the robot posture [4]. )ese control
methods lack accuracy, although these are relatively simple. In

the research of closed-loop control, some researchers
achieved attitude control of multilegged walking robot using
central pattern generator, such as Kimura et al. [5, 6] and Liu
et al. [7]. Others designed the posture control systems based
on the controlled contact force; for instance, Yoneda et al.
[8, 9], Huang and Krapp [10], and Chen et al. applied the
inverse velocity kinematics into the position-posture control
of a hexapod robot [11]. Corral et al. achieved position-
posture control through studying the supporting foot slippage
and the viscoelastic dissipative contact force of the passive
walking biped with flat feet [12]. Aoki et al. developed a robot
QRoSS, which completed rolling motion and position-pos-
ture control by stretching and contracting the legs [13].
Mandava and Vundavilli developed an adaptive torque-based
PID controller with the help of MCIWO-NN and PSO-NN
algorithms to transform position-posture [14]. Corral et al.
changed the settings of a hexapod robot leg trajectory for
adjusting posture-position by optimizing consumed energy
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and leg trajectory during each leg transfer [15]. A variety of
sensors need to be installed on the robot to obtain sensor
signals, which increases the amount of calculation and the
control complexity, although these methods better achieve
precise position-posture control. Considering that some ro-
bots do not need very high precision position-posture control
when performing tasks in the natural environment, a posi-
tion-posture control algorithm for multilegged robots based
on kinematic correction is proposed in this paper. Firstly, the
position-posture adjustment of the robot is regarded as two
independent processes of translation and rotation of the
center of gravity (COG) of the body, and then the coordinate
positions of the footholds relative to the body are obtained
through relative motion between foot-tip and COG during
these processes. Finally, the angle of each joint of the robot is
obtained to achieve position-posture transformation based on
the corrected inverse kinematics. )e purpose of this algo-
rithm is to reduce the attitude errors of the robot during
adjustment and help prevent the robot from rolling, twisting,
slipping, or simply going off trajectory.)is algorithm applies
motion decomposition and synthesis to the position-posture
adjustment of the robot and only corrects the trajectory of the
root joint of the robot, simplifying the solution and correction
process. And the whole process is solved offline, without
external feedback signal for real-time adjustment, improving
control stability and reducing control difficulty. Compared
with the ordinary open-loop position-posture algorithm, the
proposed algorithm has greatly improved the control accu-
racy; and compared with the closed-loop position-posture
algorithm, the calculation amount and control complexity are
reduced. In order to verify the effectiveness of the algorithm in
this paper, a comparison experiment of linear and position-
posture change in flat ground was performed on a bionic
hexapod robot platform with hemispherical foot-ends.

2. Materials and Methods

In the process of robot position-posture adjustment, the
ideal state is that the foot-end of the robot is in point contact
with the ground. In other words, the position of the foothold
is unchanged, as shown in Figure 1(a). However, in practice,
robots often make nonpoint contact when contacting the
ground. In this paper, the robot with hemispherical foot-end
is taken as an example. During the position-posture ad-
justment process, the roll of the hemispherical foot-end
causes its actual foothold position to change and the ad-
justment error of the robot, as shown in Figure 1(b). Also,
when the rolling effect is extended to a whole robot with
more than one leg, the rolling feet placed in different
postures cause error in the different legs sufficient to make
the body roll, twist, slip, or simply go off trajectory. )e
rolling effect also makes the joints fight one another, which
causes link stresses. )erefore, this paper proposes a posi-
tion-posture control algorithm for multilegged robots based
on kinematic correction.

)e hexapod robot experimental platform is shown in
Figure 2(a); the leg structure parameters are shown in
Figure 2(b). )is robot has six legs which are symmetrically
distributed on both sides of the body of the robot, and one

leg has three rotator joints with a hemispherical rigid foot-
tip with radius of 10mm. Each joint is driven by a servo
motor, and the servo motors are controlled by an ARM
controller (see [16] for more details). According to the
position coordinate of foot-tip of the robot, the position
coordinate of the COG of the body and the attitude angles of
the robot and the joint angles of the robot are calculated and
transmitted to the microcontroller based on the position-
posture calculation algorithm. )e above process is carried
out before the adjustment. When the position of the robot is
adjusted, the microcontroller controls the movement of the
eighteen joints with the calculated joint angles in the
computer. At the same time, the attitude sensor continu-
ously detects the attitude of the robot body and continuously
uploads the attitude data to the computer. And the computer
receives the attitude data uploaded by the lower computer in
real time and displays them.

2.1. Kinematics Correction of Hemisphere Foot-End. Due to
the inconsistency between the ideal and the actual foothold
when using a hemispherical foot-end, the root joint is offset.
In this paper, the method is used to calculate the actual
reference foothold of the supporting phase leg in any posture
and its ideal corresponding foothold on the ground through
the assumption that the “foot-end does not slide relative to
the ground,” and achieve correction of the root joint tra-
jectory. As is shown in Figure 3, the dashed line is the ideal
foothold, and the solid line is the actual footing position.
When the rotation vector of each joint has been obtained,
the ideal foothold can be solved according to the forward
kinematics in the base reference coordinate system.

According to the analysis of Figure 3, the vector of the
reference position of the foot-end is

OODR �
0

tip
􏽢P �

C1C23L3 + C1C2L2

S1C23L3 + S1C2L2

S23L3 + S2L2

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦, (1)

where 0
tip

􏽢P is the position coordinate of the foot-tip under the
root joint coordinate system; Si � sin θi, Ci � cos θiSij �

sin(θi + θj)Cij � cos(θi + θj), where θi and θj represent the
ith and jth joint rotative angles.

)en, you can get the actual foothold:

OODA � OOOF + OFDA, (2)

where

OOOF �

C1C23 L3 − R( 􏼁 + C1C2L2

S1C23 L3 − R( 􏼁 + S1C2L2

S23 L3 − R( 􏼁 + S2L2

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦, (3)

OrDA �

C1C23 L3 − R( 􏼁 + C1C2L2 − R

S1C23 L3 − R( 􏼁 + S1C2L2

S23 L3 − R( 􏼁 + S2L2

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦. (4)

Ideal foothold is
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Figure 2: (a) )e bionic hexapod robot experiment platform. (b) Leg structure parameters. (c) )e whole control architecture.

F1 F2 F3 ′F1 ′F2 ′F3
F3 = ′F3

(a)

F1 F2 F3 ′F1 ′F2 ′F3
′F3 F3

(b)

Figure 1: (a) Schematic diagram of ideal foot-end pose adjustment. (b) Schematic diagram of hemispherical foot-end position-posture
adjustment. Fn represents the initial foothold of the foot-tip of the nth leg of the robot. ’Fn represents the foothold of the foot-tip of the nth
leg of the robot after the posture adjustment (n� 1, 2, 3, 4, 5, 6).
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OODL � OODA + Λ
⇀

, (5)

where

OODL �

C1C23 L3 − R( 􏼁 + C1C2L2 − R

S1C23 L3 − R( 􏼁 + S1C2L2 + Δy

S23 L3 − R( 􏼁 + S2L2 + Δz

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎣
⎤⎥⎥⎥⎥⎥⎥⎥⎥⎦. (6)

Because

OFDR � C1C23R S1C23R S23R􏼂 􏼃
T
, (7)

OFDA � −R 0 0􏼂 􏼃
T
. (8)

)erefore, the angle φ between the end link 3 and the
ground surface normal can be obtained by (7) and (8):

OFDR � C1C23R S1C23R S23R􏼂 􏼃
T
, (9)

cosφ �
OFDR · OFDA

OFDR

􏼌􏼌􏼌􏼌
􏼌􏼌􏼌􏼌 OFDA

􏼌􏼌􏼌􏼌
􏼌􏼌􏼌􏼌

�
−C1C23R

2

R
2 � −C1C23, (10)

⇒φ � arccos −C1C23( 􏼁. (11)

Because

|Λ
⇀

| � R · φ, (12)

then Λx � 0; Λ
⇀
and OFDR

⇀
are coplanar, and so

Λ
⇀

� 0 Λy Λz􏽨 􏽩
T

� 0 S1C23φR������
S223+S21C2

23

√ S23φR������
S223+S21C2

23

√􏼔 􏼕
T

. (13)

Hence, in the root joint coordinate system, the positive
kinematic solution of the ideal foot-end is

OODL �

0􏽢TIx

0􏽢TIy

0􏽢TIz

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

�

C1C23 L3 − R( 􏼁 + C1C2L2 − R

S1C23 L3 − R( 􏼁 + S1C2L2 +
S1C23φR
���������

S
2
23 + S

2
1C

2
23

􏽱

S23 L3 − R( 􏼁 + S2L2 +
S23φR

���������

S
2
23 + S

2
1C

2
23

􏽱

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

.

(14)

Similarly, according to the position of the ideal landing
point in the root joint coordinate system obtained above, the
rotation angle vector of each joint of the leg can be calculated
by solving the inverse kinematics.

It is easy to work out corrected root joint angle:

θ1′ � arctan
0􏽢TIy − Λy

0􏽢TIx + R
. (15)

And OODL � OODA + Λ
⇀
, so

0􏽢TIx
0􏽢TIy

0􏽢TIz

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
�

0
tip

􏽢P
x

− C1C23R − R

0
tip

􏽢P
y

− S1C23R + Λy

0
tip

􏽢P
z

− S23R + Λz

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

⟹ 0
tip

􏽢P �

0􏽢TIx + C1C23R + R

0􏽢TIy + S1C23R − Λy

0􏽢TIz + S23R − Λz

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
.

(16)
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Figure 3: Kinematics analysis of a single-leg mechanism of a robot with a hemispherical foot-end. DL represents the ideal landing point;DR
represents the actual reference point;OO represents the coordinate origin of the root joint of a single leg; and OF represents the center of the
hemispherical foot-end; DA represents the actual contact point of the hemispherical foot-end with the ground; φ represents the angle
between the end link 3 and the surface normal; and R is the radius of the foot of the hemisphere.
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By substituting them into Supplementary Materials (6)
and Supplementary Materials (9) for correction, the cor-
rected joint angles can be solved, respectively, as is shown in
(17) and (18). When the legs represent the front legs of a

multifooted robot, (17) is positive, and when the legs rep-
resent the middle hind legs of the robot, the equation is
negative.

θ3′ � ± arccos
0 􏽢DLz − Λz + S23R􏼐 􏼑

2
+

0 􏽢DLy − Λy + S1C23R􏼐 􏼑
2

+
0 􏽢DLx + R + C1C23R􏼐 􏼑

2
− L

2
2 − L

2
3

2L2L3
, (17)

θ2′ � arcsin
0 􏽢DLz − Λz + S23R􏼐 􏼑

2
+

0 􏽢DLy − Λy + S1C23R􏼐 􏼑
2

+
0 􏽢DLx + R + C1C23R􏼐 􏼑

2
+ L

2
2 − L

2
3

2L2

����������������������������������������������������������
0 􏽢DLz − Λz + S23R􏼐 􏼑

2
+

0 􏽢DLy − Λy + S1C23R􏼐 􏼑
2

+
0 􏽢DLx + R + C1C23R􏼐 􏼑

2
􏽲

− arctan

���������������������������������������
0 􏽢DLy − Λy + S1C23R􏼐 􏼑

2
+

0 􏽢DLx + R + C1C23R􏼐 􏼑
2

􏽱

0 􏽢DLz − Λz + S23R
.

(18)

Here, Λy, Λz, and φ are related to θ2′andθ3′, which cannot
be calculated directly. Here, they can be obtained by the
approximate joint rotation angle before modification; that is,
(19) can be obtained by using Supplementary Materials (3),
Supplementary Materials (6), and Supplementary Materials
(9). Substitute (19) into (17), and (18) is the inverse kine-
matics solution after modifying the hemispherical foot-end.

Λ
⇀
≈

0

S1C23φR
���������

S
2
23 + S

2
1C

2
23

􏽱

S23φR
���������

S
2
23 + S

2
1C

2
23

􏽱

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (19)

Si � sin θi, Ci � cos θi, Sij � sin(θi + θj), and Cij �

cos(θi + θj), where θi and θj represent the ith and jth joint
angles before correction.

2.2. Position-Posture Control Algorithm. When the hexapod
robot walks in a static and stable gait, three or more legs of

the six-legged robot need to be supported at all times to
ensure that the robot remains statically stable at all times.We
analyzed the position and orientation adjustment algorithm
with all six legs of the robot in the supporting phase [17]. In
the robot position-posture adjustment, each known pa-
rameter is usually obtained by using the world coordinate
system {W} as the reference coordinate system, as is shown
in Figure 4. In this paper, we assume that the target attitude
rotation matrix is W

Bg
R, the current coordinates of the

COG of the robot are Gc (Wx
c

G,
Wy

c

G,
Wz

c

G), the target co-
ordinates of the COG of the robot are Gt (Wx

t

G,
Wy

t

G,
Wz

t

G),
and the coordinates of the foothold are Fi (WxAi

, WyAi
, WzAi

).
Taking the body coordinate system {G} as the reference
coordinate system, the coordinates of the origin can be
obtained as O0

i (
GxO0

i
, GyO0

i
, GzO0

i
) under the coordinate

system {O0
i }, where, i� 1, 2, 3, 4, 5, 6.

In practice, the attitude of the hexapod robot is given by
the Euler angles of the robot body relative to the world
coordinate system {W}: heading angle α, roll angle β, and
pitch angle c.)erefore, the attitude rotationmatrix needs to
be solved from Euler angles. )e solution process is as
follows:

W
GtR �

cos αt −sin αt 0

sin αt cos αt 0

0 0 1

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

cos βt 0 sin βt

0 1 0

−sin βt 0 cos βt

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

1 0 0

0 cos ct cos ct

0 cos λt cos λt

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

�

cos αt cos βt −sin αt cos ct + cos αt cos βt sin ct sin αt sin ct + cos αt sin βt cos ct

sin αt cos βt cos αt cos ct + sin αt sin βt sin ct −cos αt sin ct + sin αg sin βt cos ct

−sin βt cos βt sin ct cos βt cos ct

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦.

(20)

)e hexapod robot position-posture adjustment process is
divided into body position adjustment and body posture ad-
justment.)e adjustment of the body position can be regarded

as the translation process of the COG of the body in a fixed
attitude, and the adjustment of the body posture can be
regarded as the rotation process of the body around the
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coordinate axis of the body coordinate system when the COG
of the body is fixed. )erefore, the perspective of motion
decomposition and synthesis are introduced. First, the robot
position-posture adjustment is decomposed into two inde-
pendent processes: robot body position adjustment and pos-
ture adjustment. For these two processes, the positions of the
robot’s footholds relative to the body are obtained separately.
)en, the final positions of the footholds of the robot relative to
the body are obtained by motion synthesis. Finally, inverse
kinematics is used to obtain each joint angle of the robot.

Firstly, the position adjustment of the COG of the six-
legged robot is considered. Define the COG motion vector
CT � [Wx

t

G − Wx
c

G
Wy

t

G − Wy
c

G
Wz

t

G − Wz
c

G]T. Taking the
world coordinate system {W} as the reference coordinate
system, the foothold of the hexapod robot is unchanged
during the position adjustment of COG, and the COGmoves
to the target position according to the motion vector CT.
From the perspective of relative motion, the process of
adjusting COG of the machine is equivalent to the position
of COG being unchanged and the foothold of the robot
moves according to the motion vector ΔFiT, where
ΔFiT � −CT. When the body is in the target posture, the
motion vector ΔFiT is expressed in the body coordinate
system {B} as GΔFiT � GΔxiT

GΔyiT
GΔziT􏽨 􏽩

T
, where

GΔxiT

GΔyiT

GΔziT

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
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WΔyt
G

WΔzc
G −

WΔzt
G
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⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
. (21)

)en, the attitude adjustment of the robot is considered.
When the body is in the target attitude, using the body
coordinate system {G} as the reference coordinate system,
the coordinates of foothold Fi (Gx

s

Fi
, Gy

s

Fi
, Gz

s

Fi
) are

G
xFi

G
yFi

G
zFi
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⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
. (22)

)e COG position adjustment and body posture ad-
justment process are combined to get a position-posture
adjustment process via motion synthesis. After the motion
synthesis, the foot-end position Fi position in the body
coordinate system {G} is expressed as

G
xFi

G
yFi

G
zFi
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⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
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(23)

So far, the coordinates Fi (GxFi, GyFi, GzFi) in the body
coordinate system {G} of the foothold in the target position-
posture are obtained. At the same time, the coordinate O0

i

(GxO0
i
, GyO0

i
, GzO0

i
) of the origin coordinate system {O0

i } is
also known. )erefore, the angle of each joint can be ob-
tained through the modified inverse kinematics equation of
the robot. In practice, the position-posture adjustment of the
robot can be achieved according to the solved joint angles.
)emethod above is to solve the problem of working out the
joint angles of the robot when the hexapod robot has a
certain posture. It belongs to the solution process of the
position-posture adjustment algorithm. For a hexapod robot
in motion, its position and posture need to be adjusted at all
times. )e adjustment is a continuous process. Working out
each joint angle in the current and target position-posture is
the basis for this continuous adjustment. At the same time,
this process requires planning of the position-posture, that
is, the trajectory of the COG and the posture of the robot
planning for optimization goals.

3. Results

In order to further verify the validity of position-posture
control algorithm, a group of linear position-posture adjust-
ment experiments were performed on a bionic hexapod robot.
First of all, the robot is placed on the flat ground, and the robot
is in an initial posture-position (the height between the body
and the ground is 0.29m, and the Euler angles are 0°).)en the
target pose is set, and the robot is transformed to the target
posture-position in a linear way through the pose control
algorithm. )e coordinates of foothold and the fixed coor-
dinate system of the root joint are shown in Tables 1 and 2.

)e planned trajectory of the COG of the body is rep-
resented by (24); the planned trajectory of the position-
posture of the body is described by (25), and the coordinate
of the COG [GxAi

, GyAi
, GzAi

] is

Wx
j

G

Wy
j

G

Wz
j

G

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

T

�

Wx
c

G

Wy
c

G

Wz
c

G

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

T

+
t

4
􏼒 􏼓∗

Wx
t

G − Wx
c

G

Wy
t

G − Wy
c

G

Wz
t

G − Wz
c

G

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

T

, 0≤ t≤ 4.

(24)
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Figure 4: )e coordinate system of the robot.
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In the same way, the posture trajectory of the robot is
also obtained by linear programming. Euler angles [αj, βj, cj]
are

αj

βj

cj
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T

, 0≤ t≤ 4. (25)

)e robot position-posture adjustment experiment las-
ted 4 s. )e Euler angles of the initial attitude relative to the
world coordinate system are heading angle αc � 0°, roll angle
βc � 0°, and pitch angle cc � 0°. )e Euler angles of the ter-
mination attitude relative to the world coordinate system are
heading angle αo � 5°, roll angle βo � 8°, and pitch angle

co � 5°. )e initial coordinate [Wx
c

G, Wy
c

G, Wz
c

G] of the COG
is [0 0 0.29]. )e end point coordinate [Wx

t

G, Wy
t

G, Wz
t

G] of
the COG is [0 0 0.22]. )e movement state of the hexapod
robot every 0.5 s is shown in Figure 5. As the experiment
progresses, the six-legged robot adjusts its position-posture
until the experiment ends at 4 s. )e actual robot attitude
value obtained by the attitude sensor during the experiment
is shown in Figure 6.

It can be seen from the experimental results that a brief
abrupt change occurs at the beginning adjustment because
the algorithm is open-loop control, but this does not affect
the final results. Compared with the uncorrected position-
posture adjustment, the proposed algorithm reduces ad-
justment errors and fits more closely with the planning
trajectory. )e error of heading angle is reduced by 55.46%;

Table 1: Coordinates of the foothold with the world coordinate system {W} as the reference coordinate system.

Foothold/Fi Gxot
i
(m) Gyot

i
(m) Gyot

i
(m)

1 0.1855 −0.2635 0
2 0.1855 −0.0135 0
3 0.1855 0.2635 0
4 −0.1855 −0.2635 0
5 −0.1855 −0.0135 0
6 −0.1855 0.2635 0

Table 2: Coordinates of the foothold using the body coordinate system {G} as the reference coordinate system.

Foothold/Fi Gxot
i
(m) Gyot

i
(m) Gyot

i
(m)

1 0.1855 −0.2635 0
2 0.1855 −0.0135 0
3 0.1855 0.2635 0
4 −0.1855 −0.2635 0
5 −0.1855 −0.0135 0
6 −0.1855 0.2635 0

T = 0 T = 0.5 T = 1

T = 1.5 T = 2 T = 2.5

T = 3 T = 3.5 T = 4

Figure 5: )e hexapod robot posture adjustment process.
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the error of rolling angle is reduced by 5.68%; and the error
of pitching angle is reduced by 1.8%.

4. Conclusion and Discussion

When a robot moves in a complex and dynamic natural
environment, it must quickly and continuously adjust its
posture to adapt to the environment to prevent falls.
)erefore, an efficient posture control method plays a vital
role in the movement of a robot in the complex natural
environment. Ordinary open-loop pose control strategies
[1–3] are difficult to meet the outdoor motion requirements
of ground robots resulting from lacking accuracy. Most
closed-loop position-posture control strategies are based on
sensor feedback, such as using force sensor feedback
[1, 8–10, 14], attitude sensor feedback [11, 13, 15, 16, 18], and
visual sensor feedback [19], but it is complicated to achieve
the adjustment function in practice. )is paper proposes a
simple and effective position-posture control algorithm that
does not require additional sensors and only modifies the
inverse kinematics of the robot. )e main experimental

result is that the error of heading angle has been reduced by
55.46%. And the essential reason why attitude errors de-
crease is that the rolling effect of the rigid hemisphere foot-
tip has been reduced, which can extend to a whole machine
with more than one leg, and then this will lead to the
consequence that the body roll, twist, slip, or simply go off
trajectory. )is means that the algorithm can help achieve
the goal of preventing the above abnormal movement of the
robot. )erefore, this algorithm can not only effectively
reduce the robot position-posture adjustment error, but also
has simple calculation and efficient control. Meanwhile, this
method is also applicable to other different types of round
rigid foot-end, such as with round, hemispherical, and cy-
lindrical rigid foot-end. Finally, the validity of the algorithm
is verified by the experiment on a comparison experiment of
linear position-posture change on the flat ground. )e al-
gorithm reduces the attitude error, and it is adaptable for a
hexapod robot in the field environment. )e limitation of
the algorithm is that it is still in the open-loop stage, there
will be a short mutation in the initial stage of pose trans-
formation, and the tracking effect is not as good as that of the
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Figure 6: Attitude changes during the position-posture adjustment with or without correction. (a) Heading angle; (b) rolling angle; (c)
pitching angle; (d) errors of heading angle; (e) errors of rolling angle; and (f) errors of pitching angle (error1� error2− error3; error2
represents the error between planning trajectory and trajectory without correction; error3 represents the error between planning trajectory
and trajectory with correction).
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closed-loop control method. And for different radii of round
rigid foot-end, there will be different effects. )is paper does
not consider these factors or carry out corresponding
experiments.
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