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1 Introduction

In recent years, biomimetic robots have become increas-
ingly valuable tools for understanding the adaptive behav-
iors of living organisms and the control mechanisms un-
derlying them. In the field of robotics-inspired biology
[1], biologists can test their hypotheses about biophysical
and motor control mechanisms by using robotic platforms
that partially implement and simplify the body structures
and nervous systems inspired by animals. More recently,
some anatomically biomimetic robots have demonstrated
that interlocking mechanisms in the musculoskeletal sys-
tem can generate different functionalities (e.g., body sup-
port, crouching, and manipulation) depending on the situa-
tion [2–6]. Such deepened biological understanding through
the collaboration of biology, anatomy, and robotics is ex-
pected to contribute significantly to the development of new
robotic design principles [7].

In the field of biomimetic legged robots, researchers
have focused not only on the limbs but also on the flexi-
ble trunk [8]. In studies of high-speed, cheetah-like run-
ning, servomotors and pneumatic artificial muscles have
been used to achieve trunk bending in the pitch direction
[9–11]. For studies targeting adaptation to uneven terrain,
mechanisms enabling roll twisting and yaw bending mo-
tions of the trunk have been implemented using servomo-
tors and tendon mechanisms [12, 13]. In these studies, flex-
ible spines were designed based on the “bow-string” struc-
ture [14], which allows quadrupedal mammals to bear their
body weight. Inspired by this macroscopic structure, each
robot’s body structure was simplified to achieve specific mo-
tor functions (e.g., high-speed running and steering). To ex-
plore and reveal the inherent motor functions of the complex
animal body, it is necessary to comprehensively mimic the
anatomical features of the trunk.

Therefore, this study aims to develop a biomimetic
quadruped robot design that incorporates anatomical fea-
tures from the superficial to deep layers of the animal body.
To this end, we extend the simplified bow-string design of
the robot trunk by introducing a comprehensive trunk struc-

Figure 1: The developed deep biomimetic quadruped robot
with bow-string structure.

ture, including deeper anatomical elements of the animal
body. The developed “deep” biomimetic quadruped robot
demonstrates that the proposed trunk design enables the
robot to passively bend and twist in the pitch, yaw, and roll
axes and to bear body weight during walking.

2 Deep-biomimetic Quadruped Robot

The developed robot consists of a passively bendable
trunk unit and four actuated limb units (Fig.1). Its dimen-
sions are based on those of a house cat, with a total length of
approximately 30 cm, a width of 18 cm, a height of 22 cm,
and a weight of about 1.1 kg.

The flexible trunk, featuring a bow-string structure,
mimics the anatomical characteristics of cursorial mammals.
For the bow component, we designed a chain-linked verte-
bral unit capable of bending and twisting at each joint, sim-
ilar to the vertebral column of an animal [15–17]. This bow
component is 3D-printed and assembled from linked seg-
ments. For the string component, we designed elastic el-
ements that replicate muscle layers from the superficial to
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Figure 2: Trunk bending of the developed robot. The developed robot can passively bend and twist its trunk along the (a1-2)
pitch, (b) yaw, and (c) roll axes.

Figure 3: Walking experiments. (a) Bottom view of the robot without the abdominal wall unit. Snapshots of the walking
sequence of the developed robot with (b1)-(b5) and without (c1)-(c5) the abdominal wall unit.

deep layers of the quadruped trunk. These string compo-
nents are 3D-printed using TPU filament (TPU 95A, Bam-
buLab). The designed bow-string structure is capable of pas-
sively bending in the roll, yaw, and pitch directions (Fig. 2).

In biomimetic robots employing a bow-string struc-
ture [8], the muscle groups of the abdominal wall includ-
ing the transversus abdominis, internal oblique, and exter-
nal oblique muscles—are often omitted [18–20], with only
the rectus abdominis muscle typically implemented. In
this study, however, we replicate the layered structure of
the transversus abdominis, internal oblique, and external
oblique muscles using elastic body elements.

3 Walking Experiment

Since both mobility and antigravity support are crucial
for mammals with flexible trunks, this study evaluates the
robot’s walking motion. For the walking experiment, a trot
gait was implemented, and the robot walked on a tread-
mill. To assess the effect of the newly implemented abdomi-
nal wall unit, the walking experiments were conducted both
with and without this component for comparison.

During walking, the trunk was able to maintain its pos-
ture in the sagittal plane against the ground reaction forces
from the four legs and its own weight, regardless of the pres-
ence or absence of the abdominal wall unit (Fig. 3 (b1)-(b5)
and (c1)-(c5)). In the experimental condition with the ab-
dominal wall unit, the trunk could continue walking without
significant flexion when supported by the diagonal legs (Fig.
3 (b1)-(b5)). However, in the condition without the abdom-
inal wall unit (Fig. 3 (a)), the robot tended to lose balance
in the roll direction, making it difficult to continue walking

for an extended period. This imbalance may be due to the
lack of stabilization provided by the external and internal
oblique abdominal muscles within the abdominal wall unit.
This lack of stabilization resulted in unstable base for the
forelimb weight-bearing mechanism.

4 Conclusion

In this paper, we developed a deep biomimetic
quadruped robot with a focus on the flexible trunk struc-
ture of mammals, incorporating deep anatomical features.
The robot is based on a bow-string structure designed to
achieve both mobility and weight-bearing capability of the
mammalian trunk. Preliminary validation of the robot has
shown that it can achieve both trunk flexibility and the anti-
gravity support required for walking. To the best of the au-
thors’ knowledge, this is the first case of a real quadruped
robot walking by mimicking the bow-string structure with
the inclusion of the abdominal wall.

Future work includes a quantitative evaluation of the
relationship between the stiffness of flexible elements that
mimic each muscle and the bending characteristics of the
trunk, as well as an assessment of the effects of the presence
or absence of muscle elements and their physical properties
on walking and running motions.
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