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Abstract—Quadruped robots have gained attention for their
potential to navigate various terrains. However, the stability
of these robots in different gait sequences remains an open
question. This study investigates the relationship between dif-
ferent gait sequences and the motion stability of quadruped
robots, assuming a flat terrain for the purpose of the analysis.
Utilizing mathematical models based on spiral theory, we examine
the stability margins associated with different leg movement
sequences. Notably, our findings confirm that the most commonly
observed sequence in both natural and robotic contexts indeed
offers optimal stability. The study also scrutinizes the influence
of the robot’s structural parameters and gait configuration on its
motion stability. These results provide a theoretical foundation
for the design and stability control of quadruped robots, setting
the stage for future work on more complex terrains.

Index Terms—Quadruped, Stability analysis, Gait analysis,
Screw theory, Biomimetic.

I. INTRODUCTION

QUADRUPEDAL locomotion, a form of movement ob-
served in approximately 5,400 species of mammals and

an increasing variety of robots [1], poses compelling questions
about the interplay between gait sequence and stability. De-
spite the diversity of potential gait patterns, certain sequences
are predominantly observed both in nature and in robotic appli-
cations [2]. However, the underlying reasons for the preference
for these specific gait sequences remain underexplored. Our
research narrows this gap by investigating the stability margins
of six different gait sequences in quadruped robots. The aim is
to elucidate the mechanisms that could make certain sequences
more stable than others, thereby providing guidelines for the
design of more robust quadruped robots.

Quadruped robots have seen significant evolution, from
early bio-inspired designs to highly sophisticated systems like
Boston Dynamics’ Spot robot [3], Stanford Doggo [4], and
others [5]–[7]. Among the first to propose stability criteria
for quadruped robots was McGhee, who suggested six gaits
designed to maintain at least three legs in contact with the
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ground during motion [8]. Subsequent research has largely
been focused on these foundational gaits [9]–[13].

Existing studies have emphasized the importance of stability
in crawing gaits [14]–[17] and employed Particle Swarm
Optimization (PSO) algorithms for optimizing stability mar-
gins [18]. However, there is limited work that systematically
compares the stability across different gait sequences. This
paper advances the field by offering a comprehensive stability
analysis for six different gait sequences, some of which have
been partially optimized using PSO [19], [20].

While various methodologies have been employed to en-
hance the stability of quadruped robots on uneven terrains
[21]–[30], few have rigorously explained why certain gaits
are predominantly used over others in either natural or robotic
quadrupeds.

Our research addresses a gap in the field by analyzing sta-
bility margins across multiple gait sequences and investigating
why the most observed sequence—right front leg, left hind
leg, right hind leg, left front leg—is often preferred in both
biological and robotic contexts. The goal is to guide future
quadruped robotics by systematically evaluating the stability
margins of various gait sequences. The key contributions of
this study are:

1) An initial theoretical analysis using spiral theory to assess
the stability margins of six different gait sequences, providing
a preliminary understanding of which sequences may offer
superior stability.

2) Experimental analyses of six different gait sequences to
evaluate their motion performance, offering a comprehensive
view of their effectiveness and stability.

3) Analysis and comparison of the stability of different
gait sequences during the stride planning of quadruped robots,
using stability margin results, body oscillation amplitudes, and
yaw angles.

This paper focuses on the assumption that quadruped robots
operate on flat terrains, allowing for a controlled study of
gait sequences and their influence on stability. However, this
assumption limits the consideration of the adaptability of
quadruped robots to more complex terrains.

II. INFLUENCE OF MOVEMENT SEQUENCES ON MOTION
DURING CRAWLING GAIT

In this section, we calculate the stability margins for differ-
ent gait sequences in quadruped robots using screw theory. A
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Fig. 1. The six different sequences crawl gait of quadruped robot.

TABLE I
SUMMARY OF VARIABLES AND DEFINITIONS

Variable Definition (Note: All variables and parameters are dimension-
less.)

o(G) Projection of the robot’s body mass onto the plane formed by
the feet. Assumption: The robot’s body is homogenous and
completely symmetrical, and the ground under consideration
is flat. Therefore, the position of o(G) relative to the robot’s
body remains constant.

T Time duration of a single gait cycle.
tβ Time duration of the support phase within a single gait cycle.
v Velocity of the robot during the support phase.
δ Half of the robot’s body width, a constant design parameter.
β Support distance, representing the length traversed by the

supporting feet during the support phase. βi refers specifically
to the support distance of leg i. β is a variable that can change
during a gait cycle and is influenced by the robot’s leg length
and joint angles. Specifically, β = v · tβ .

tϕi
Time interval between the footfall of leg i relative to the
footfall of leg 1 during a gait cycle.

ϕi A distance that satisfies ϕi = β · tϕi
/ tβ .

a Foot distance. Distance from the robot’s midplane to either the
lift-off point for front legs or the footfall point for rear legs.
Under the assumption that the robot’s body is homogenous,
this distance is considered to be the same for both lift-off and
footfall points and is denoted by a. In cases where one leg is
lifting off and the other is touching down on the same side of
the body, the distance between the two legs is 2a. Variable a
is inversely related to β.

(γi, δi) Coordinate of the footfall point for leg i, relative to the origin
o(G), within a single gait cycle. Here, δi is equal to the body
width δ, and its sign is determined by which side of the body
the leg is on. Note that these coordinates specify only the
point where the foot makes initial contact with the ground.

Ψ Stability margin defined as the minimum distance from the
projected center of mass to each of the three sides of the
support region.

Ψmin Minimum stability margin occurring at an instant during a
gait cycle.

Ψmax Maximum stability margin occurring at an instant during a
gait cycle.

Ψavg Average stability margin calculated over all instants in a gait
cycle.

S△ Represents the size of the support region, defined as the area
of the triangle formed by the supporting feet.

S△min Minimum area of the support region during a gait cycle.
S△max Maximum area of the support region during a gait cycle.
H0 Represents the maximum step height for each leg, measured

as the maximum distance from the ground to the tip of the
foot during the step cycle.

quadruped robot has a total of A3
4 = 24 unique combinations

for moving its legs in different sequences. However, given the
structural symmetry of the robot, any leg can serve as the
initial leg in the sequence, effectively reducing the number of
unique sequences to A3

4

4 = 6. These unique sequences are:
1-4-3-2-1, 1-2-3-4-1, 1-3-2-4-1, 1-3-4-2-1, 1-4-2-3-1, and 1-
2-4-3-1. These sequences are further illustrated in Fig. 1.

The key variables and parameters for our study are shown
in Table I, with some parameters further elaborated in Fig. 2.

Definition 1: The gait matrix, denoted by K, is a 4 × 4
matrix where each row characterizes a specific feature of a
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Fig. 2. Definition of Variables and Parameters for Gait Analysis.

quadruped robot’s gait. The matrix is formally defined as:

K =


β1 β2 β3 β4

γ1 γ2 γ3 γ4
δ1 δ2 δ3 δ4
0 ϕ2 ϕ3 ϕ4

 . (1)

• The first row, βi, represents the maximum support dis-
tance for foot 1.

• The second row, γi, and the third row, δi, indicate the
coordinates of the footfall positions for foot i.

• The fourth row, ϕi (for i ̸= 1), shows the remaining
distance foot i needs to cover to touch down when foot
1 has just landed. If each leg moves at a constant and
equal speed, this row provides information about both the
sequence of leg movements and the timing of the swing
phase.

Here, K encapsulates both the spatial and temporal elements
of the quadruped’s gait in a concise manner. It also provides
an instantaneous snapshot of the positions of each foot within
the gait cycle, including the order in which they move.

To facilitate the study of how different step sequences
affect the robot’s locomotion performance, we standardize
the gait parameters across various sequences. Specifically, the
supporting distance β and the foot distance a are maintained
consistently. In this standardized setting, a leg sequence and
its accompanying parameters can be denoted by Kseq , such
as K1342 given by:

K1342 =


β β β β

β + a −a −a β + a
δ δ −δ −δ

0 β β
3

2β
3

 . (2)

Although the leg sequence is already encapsulated in the
columns of K, we include the subscript {1342} to make the
sequence explicit

As shown in Fig. 3, the distribution of the supporting feet
when a quadruped robot adopts the K1342 gait and leg 4 is just
lifting off the ground. In the figure, the screw $

ij represents
the helix of foot j relative to foot i in space. η1, η2, and η3
are the shortest distances from the center of mass to the three
sides.
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From Fig. 3, the coordinates of the supporting feet at this
instant can be expressed as: leg1

leg2
leg3

 =

 2β
3 + a δ z1

−2β
3 − a δ z2
−a −δ z3

 . (3)

Subsequently, the Plücker coordinates and the screw of the
supporting feet at this instant can be represented as: $

13

$
32

$
21

 =

 (
S13;S13

0

)(
S32;S32

0

)(
S21;S21

0

)
 , (4)

whrer, Sij is the real unit of the $
13; Sij

0 is the dual unit of
the $

13.
As shown in Fig. 3, when all supporting feet are on the

same horizontal plane, there are: S13

S32

S21

 =

−2β
3 − 2a −2δ 0
−2β
3 2δ 0

4β
3 + 2a 0 0

 . (5)

The real unit and dual unit satisfy the cross product rule,
which is Sij

0 = legi× Sij . So, S13
0

S32
0

S21
0

 =

0 0 −2βδ
3

0 0 −2δa− 2βδ
3

0 0 −4βδ
3 − 2δa

 . (6)

The minimum distance from the center of mass projected
onto the three side lines satisfies that vector η1 is orthogonal
to $

13, vector η2 is orthogonal to $
32, and vector η3 is

orthogonal to $
21, that is: η1 × S13

η2 × S32

η3 × S21

 =

 S13
0

S32
0

S21
0

 . (7)

Take the cross product of both sides of (7) with their
respective real units, that is, S13 ×

(
η1 × S13

)
S32 ×

(
η2 × S32

)
S21 ×

(
η3 × S21

)
 =

 S13S13η1 − S13η1S
13

S32S32η2 − S32η2S
32

S21S21η3 − S21η3S
21

 .

(8)
The vector of the center of mass projected onto the three

sides are obtained by combining (7) and (8). η1

η2

η3

 =


S13×S13

0

S13·S13

S32×S32
0

S32·S32

S21×S21
0

S21·S21

 . (9)
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Fig. 4. The changing sequence of supporting legs during the K1342 gait.

TABLE II
COORDINATE CHANGES OF EACH FOOT DURING A K1342 GAIT CYCLE

Fi t0 t1 t2 t3

F1

 β + a
δ
0

  2β
3

+ a
δ
0

  β
3
+ a
δ
0

  a
δ
0


F2

 −β−3a
3
δ
0

  −2β−3a
3
δ
0

  −β − a
δ
0

  −a
δ
0


F3

 −β − a
−δ
0

  −a
−δ
0

  −β−3a
3
−δ
0

  −2β−3a
3
−δ
0


F4

 β
3
+ a
−δ
0

  a
−δ
0

  β + a
−δ
0

  2β+3a
3
−δ
0



Take the modulus of (9) to obtain the minimum distances
from the center of mass projected onto each of the three sides: η1

η2
η3

 =

 δβ
(
β2 + 9δ2 + 9a2 + 6aβ

)− 1
2

δ (β + 3a)
(
β2 + 9δ2

)− 1
2

δ

 . (10)

For a quadruped robot, the stability margin at each moment
should be the shortest distance from the projection of the
center of mass (COM) to the triangle formed by the three
supporting feet, i.e.,

Ψ = min (η1, η2, η3) (11)

Therefore, in the state shown in Fig .3, the stability margin
Ψ = η1. However, the gait cycle of a quadruped robot is
a continuous process, with the supporting feet changing over
time. As shown in Fig .4, it is a diagram illustrating the change
in the entire support region during the K1342 gait.

In the entire K1342 gait cycle, as shown in Fig .4, the
coordinate changes of the feet are shown in Table II, where
Fi is an abbreviation for Foot i.

Based on the coordinate changes in the K1342 gait cycle
shown in Table II, and combining equations (4) to (10), the
distance between the projection of the center of mass and
the supporting edge when each leg touches and leaves the
ground during the K1342 gait cycle can be obtained. Table III
shows the values of the distance between the projection of the
center of mass and the supporting boundary when each leg
touches and leaves the ground in the K1342 gait cycle, where
lij represents the boundary formed by foot i and foot j. lf−
represents that the foot is on the verge of lifting off but has
not yet left the ground. lf+ represents that the foot has just
lifted off the ground.

In Table III, the minimum stability margin Ψmin and the
average stability margin Ψavg during the K1342 gait cycle can
be determined as follows:
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Fig. 5. Six different gait sequences and sequence diagrams of quadruped robot.

TABLE III
DISTANCE OF THE CENTER OF GRAVITY PROJECTION FROM EACH

SUPPORTING SIDE DURING TOUCH-DOWN AND TAKE-OFF IN A K1342

GAIT CYCLE

Time l13 l32 l21 Ψ

t0+, lf+
δ(2β+3a)√

β2+9δ2
0 δ 0

t1−, lf−
δ(β+3a)√
β2+9δ2

δβ√
9δ2+(3a+β)2

δ δβ√
9δ2+(3a+β)2

t1+, lf+
δβ√

9δ2+(3a+β)2
δ(β+3a)√
β2+9δ2

δ δβ√
9δ2+(3a+β)2

t2−, lf− 0 δ(2β+3a)√
β2+9δ2

δ 0

t2+, lf+
δ(2β+3a)√

β2+9δ2
δ 0 0

t3−, lf−
δ(β+3a)√
β2+9δ2

δ δβ√
9δ2+(3a+β)2

δβ√
9δ2+(3a+β)2

t3+, lf+
δβ√

9δ2+(3a+β)2
δ

δ(β+3a)√
β2+9δ2

δβ√
9δ2+(3a+β)2

t4−, lf− 0 δ
δ(2β+3a)√

β2+9δ2
0

Ψmin = 0, (12)

Ψavg =
δβ

2

√
9δ2 + (3a+ β)

2
. (13)

As shown in Fig .1, there are six different crawling gaits for
the quadruped robot, and their respective supporting domain
changes and time sequences are illustrated in Fig .5.

Combining Fig .5 and the above analysis process, the
minimum stability margin and average stability margin values
when a quadruped robot moves in six different gait sequences
can be obtained. The results are shown in Table IV.

From Table IV, it can be seen that although the quadruped
robot can achieve the maximum stability margin Ψmax =

δβ
(
δ2 + (3a+ β)

2
)−1/2

when adopting the K1324 gait,
when the quadruped robot adopts the K1342 gait, its minimum
stability margin value Ψmin = 0 is the largest among the

six gaits. In addition, the average stability margin Ψavg =

2δβ
(
9δ2 + (3a+ β)

2
)−1/2

of the K1342 gait is also the
largest among the six stability margins. Similarly, although the
K1324 and K1423 gaits have relatively large maximum support
areas S∆max, their minimum support areas are both smaller
than the minimum support area of the K1342 gait. Moreover,
the support area of the K1342 gait sequence does not vary
much throughout the entire gait cycle, whereas the support
areas of the other gaits vary widely, which is not conducive
to the stable movement of the quadruped robot.

In this study, we consider the minimum stability margin
Ψmin to be the most critical indicator, as it reflects the
performance of the quadruped robot in the most unstable
situations. A lower minimum stability margin Ψmin implies
that the robot may not be able to maintain balance in certain
gaits. Therefore, focusing on the minimum stability margin
Ψmin when designing and optimizing gaits can ensure that the
robot remains stable under various conditions. However, the
maximum stability margin Ψmax also has certain importance,
as it reflects the stability of the robot under optimal conditions.
Although this indicator may not be as important as Ψmin in
some cases, it can still provide researchers with information
about the potential stability of the robot. In some application
scenarios, such as experiments conducted in controlled en-
vironments, the Ψmax may be more valuable. In addition, the
Ψavg provides an overview of the overall stability of the robot.
It can help researchers understand the average performance
of the robot under various conditions. In tasks where overall
performance needs to be focused on, the average stability
margin may be more important.

III. EXPERIMENT AND DISCUSSION

The experimental prototype for this study is the Unitree A1
quadruped robot, as shown in Fig. 6. The quadruped robot
was tested with the six gaits shown in Fig. 5, following a
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TABLE IV
MINIMUM AND AVERAGE STABILITY MARGINS OF QUADRUPED ROBOT WITH DIFFERENT MOVING ORDERS

Gaits Ψmin Ψmax Ψavg S∆min S∆max

K1432
−δβ√

36δ2+(6a+β)2
δβ√

36δ2+(6a+β)2
0 δ

(
2a+ 2β

3

)
δ
(
2a+ 4β

3

)
K1234

−δ(6a+β)√
β2+36δ2

δβ√
36δ2+(6a+β)2

βδ√
36δ2+(6a+β)2

− δ(6a+β)√
β2+36δ2

δ
(
2a+ 2β

3

)
δ
(
2a+ 4β

3

)
K1324

−δβ√
δ2+(3a+β)2

δβ√
δ2+(3a+β)2

0 δ
(
2a+ β

3

)
δ
(
2a+ 5β

3

)
K1342 0 δβ√

9δ2+(3a+β)2
2δβ√

9δ2+(3a+β)2
δ
(
2a+ 4β

3

)
δ
(
2a+ 4β

3

)
K1423

−δβ√
9δ2+(3a+β)2

δβ√
9δ2+(3a+2β)2

0 δ
(
2a+ β

3

)
δ
(
2a+ 5β

3

)
K1243

−δβ√
9δ2+(3a+2β)2

0 −2δβ√
9δ2+(3a+2β)2

δ
(
2a+ 2β

3

)
δ
(
2a+ 2β

3

)
4
0
0
 m

m
4
0
0
 m
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certain foot trajectory and a certain moving speed (40 mm/s).
The expected foot trajectory is shown in Fig. 7, where H0

= 60 mm and β = 100 mm. In Fig. 7, the frames ob-xbybzb
and om0

-xm0
ym0

zm0
are fixed coordinate systems, while the

frames o0-x0y0z0 and om-xmymzm are affixed to the body of
the quadruped robot, moving along with it. pxb

, pyb
and pzb

are position coordinates relative to the frame ob-xbybzb; px0 ,
py0

and pz0 are position coordinates relative to the frame o0-
x0y0z0; pxm0

, pym0
and pzm0

are position coordinates relative
to the frame om0

-xm0
ym0

zm0
.

A. Gait Trajectory Comparison

We utilized the same foot trajectory (as shown in Fig. 8) and
the same position control mode (i.e., sending foot trajectory
points every 1 ms to complete a trajectory motion within
250 ms) to test the motion performance under different step
sequences.

Fig. 8 illustrates the foot trajectory curve of foot 1 under
different step sequences. As can be seen from Fig. 8, among

Fig. 8. Comparison of foot trajectories.

the six step sequences, the step height of the K1342 is the
highest. This validates the previous statement that a negative
Ψmin could potentially destabilize the robot’s center of gravity,
causing the robot’s foot to touch the ground prematurely due
to the tilt of the body. This is reflected in the foot trajectory
as a step height less than the expected value (H0 = 60 mm).
Although the Ψmin of K1243 is greater than that of K1423,
the Ψmax of K1243 is less than that of K1423, resulting in the
trajectory effect of K1423 being superior to that of K1243.
This indicates that under the premise of the same Ψmin, the
Ψmax also plays a certain role in the foot trajectory. Although
the step height of K1324 is far less than the ideal height
(the maximum height is only 40 mm), the trajectory curve in
the figure shows that the trajectory of K1324 is more regular
than that of K1234, K1243, and K1423. This may be due to
the Ψmax of K1324 being the largest among the six gaits. In
summary, the Ψmin has the greatest impact on the step height of
the foot trajectory, and the Ψmax has the greatest interference
with the trajectory, in other words, we can use Ψavg to judge
the stability effect.
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Fig. 9. Impact force curves for six different gaits.

B. Comparison of Foot Impact Forces

The focus of this subsection is to compare the impact forces
experienced by foot 1 under six different gait conditions. Fig.
9 depicts the impact force curves under these six distinct gaits.

We conducted six tests for each robotic gait under identical
conditions to ascertain the average impact force experienced
by each leg, as depicted in Table V. (i.e., the average impact
force received by each foot, where Footavgrepresents the
average of the total impact force received by all legs.)

TABLE V
AVERAGE IMPACT FORCE RECEIVED BY EACH FOOT IN DIFFERENT GAITS.

Gait Foot 1 Foot 2 Foot 3 Foot 4 Footavg Ψmin Ψmax Ψavg

K1342 3.82 3.52 3.59 5.87 16.80 0 29.24 58.48
K1432 3.88 4.28 3.84 4.49 16.49 -15.62 15.62 0
K1243 4.57 3.28 5.35 3.64 16.84 -25.61 0 -51.21
K1423 2.97 3.40 4.89 5.06 16.32 -29.24 25.61 0
K1324 4.20 4.48 3.98 4.02 16.68 -40.36 40.36 0
K1234 4.15 4.02 4.69 3.65 16.51 -118.95 15.62 -103.33

TABLE VI
CORRELATION COEFFICIENTS BETWEEN EACH FOOT AND Ψ VARIABLES.

Ψmin Ψmax Ψavg

Foot 1 -0.21 -0.38 -0.41
Foot 2 -0.28 0.47 -0.07
Foot 3 -0.35 -0.65 -0.67
Foot 4 0.63 0.45 0.86

Footavg 0.3 -0.15 0.17

Based on Table V, we derived the correlation between the
stability margin and the impact force received by each foot,
as shown in Table VI. From Table VI, it can be observed
that there is no direct linear relationship between the impact
force received by each leg and the stability margin. Even
though the correlation between Foot 4 and Ψavg is as high
as 0.86, given the symmetric structure of the quadruped robot
and considering the correlation values between the other three

Fig. 10. Effect of Gait on Yaw Angle.

feet and the stability margin, we cannot solely rely on the high
correlation of 0.86 between Foot 4 and Ψavg to infer a strong
relationship between them. Thus, after obtaining the impact
force data from the experiments for each foot, we added the
data together and took the average to get Footavg. From the
correlation values between Footavg and the stability margin in
Table VI, it can be concluded that the impact force on the foot
is not significantly affected by the gait sequence. This means
we cannot identify a relationship between the gait sequence
and the magnitude of the impact force received by a foot.

C. Effect of Gait on Robot’s Orientations

As depicted in Fig. 10, different gaits have varying effects
on the yaw angle. It can be observed from the figure that the
influence of different gaits on the robot’s yaw angle varies.
The correlation between yaw and stability margin values is
shown in Table VII.

TABLE VII
CORRELATION BETWEEN YAW AND STABILITY MARGIN.

Stability Margin Correlation with Yaw
Ψmin -0.769
Ψmax 0.272
Ψavg -0.787

From Table VII, it can be observed that the correlation
coefficient between the quadruped robot’s yaw angle and
the minimum stability margin reached -0.769, and with the
average stability margin, it reached -0.787. The correlation
with the maximum stability margin is only 0.272. In other
words, a larger minimum and average stability margin can
ensure a smaller yaw angle for the robot.

D. Gait Parameters and Quadruped Stability

Based on the aforementioned analysis, it is evident that due
to the varying stability margin values across different gaits,
distinct gaits will result in inconsistent stability performance
for the robot. As discussed in the experimental analysis above,
the gait K1342 has an optimal foot-end trajectory relative to
other gaits. Furthermore, from the analysis of yaw angle and
stability margin, it can be inferred that the robot’s yaw angle
is closely related to the average stability margin. Hence, once
the robot’s structural design is finalized and the gait sequence
is determined, adjusting the foot distance a can also modify
the value of Ψavg. In practical control, the robot’s walking
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Fig. 11. Relationship curve between average stability margin Ψavg and foot
distance a.

Fig. 12. Catwalk on slow walk [2].

stability can be enhanced by adjusting the foot distance a.
The relationship between the average stability margin Ψavg

and the foot distance a is depicted in Fig. 11.
As can be seen from Fig. 11, the smaller the foot distance

a of a quadruped robot, the higher its stability. In nature,
quadrupeds also try to keep their foot distance as close to 0
as possible when they adopt a crawling gait. The most typical
example is the family of cats, whose foot distance is almost
equal to 0. This may be one of the reasons why cats have
excellent motion stability [31]. Fig. 12 shows the cat’s step
[2] with a foot distance close to 0. As shown in Fig. 13, when
a Bichon Frise dog walks cautiously on ice, it tries to keep its
stride distance as close to 0 as possible in order to maintain
stability.

Fig. 14 illustrates the influence of body width δ and support
distance β on the average stability margin Ψavg when the foot

2a

Fig. 13. A Bichon Frise walking on ice.

0

30

60

0

a : 70 mm

Fig. 14. Influence of body width and support distance on average stability
margin.

distance a is fixed. As inferred from Fig. 14, when the foot
distance a is determined, the average stability margin Ψavg

increases with an increase in both body width δ and support
distance β. However, the average stability margin is more
significantly impacted by the body width δ than the support
distance β. Hence, during the initial stages of designing a
quadruped robot, increasing the body width δ can enhance
the overall stability of motion. Additionally, during the motion
adjustment phase of quadruped robot design, reducing the foot
distance a during gait planning can improve stability.

E. Limitations and Future Work

1) This study is conducted under the assumption of a flat
terrain, which limits its applicability to more complex envi-
ronments. Additionally, it is assumed that when the minimum
stability margin of the quadruped robot is greater than zero,
the body of the robot remains parallel to the ground.

2) The focus is on static stability metrics, such as the min-
imum distance from the center of mass, without considering
dynamic factors like the velocity of the center of mass.

3) The mass distribution in the robot’s legs, a factor poten-
tially impacting stability, is not accounted for.

Future work should aim to address these limitations by
exploring more diverse terrains and incorporating dynamic
stability metrics.

IV. CONCLUSION

This study examines the influence of different crawling
gait sequences on the stability of quadruped robots. Through
theoretical analysis and empirical verification, the following
conclusions were drawn:

1) When quadruped robots employ the K1342 gait sequence,
its minimum stability margin value Ψmin = 0 ranks the high-
est among six gait sequences. Furthermore, the average stabil-

ity margin Ψavg = 2δβ
(
9δ2 + (3a+ β)

2
)− 1

2

also attains the
maximum value amongst all six stability margins. Throughout
the entire gait cycle of the K1342 sequence, the maximum and
minimum support areas, S∆max and S∆min respectively, are
equal, implying less abrupt changes in movement. The study
also validated the superior stability of the K1342 gait sequence
compared to other gait sequences.
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2) Empirical observations indicated that when quadruped
robots adopt the K1342 and K1243 gait sequences, their
motion curves are more stable. The gait sequences K1432,
K1234, K1324, and K1423 exhibited deviations from the
predetermined trajectory during movement, thereby failing to
strictly adhere to control commands. The stability domain
of the K1243 sequence is small, suggesting a diminished
adaptability to unstructured terrain. Consequently, the K1342

sequence emerges as the optimal gait sequence for quadruped
robots.

3) After adopting a certain gait, the performance of a
quadruped robot also correlates with the body width δ, support
distance β, and foot distance a. The average stability margin
Ψavg escalates with an increase in the body width δ and
support distance β, with a more pronounced impact from the
body width δ. When the body width δ and support distance
β are set, the average stability margin Ψavg enlarges with a
decrease in foot distance a. The presence of felines with small
step distances in nature also underpins this conclusion.

Grounded on screw theory, this study derives the influence
of different gait sequences on the stability of quadruped robots,
thereby laying a theoretical foundation for future design and
stability control of quadruped robots.
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