
  

  

Abstract— A human foot with high degrees of freedom (DOF) 

that has multi-DOF toe joints and a two-DOF ankle provides 

multiple benefits, such as increased stride length and walking 

speed, impact mitigation, and enhanced balancing. However, 

creating such mechanisms for legged robots has been 

challenging due to increased complexity, heavy weight, and 

vulnerability to impact. In this paper, a novel leg and toe 

mechanism inspired by human biomechanics, featuring a 

one-DOF knee joint, two-DOF ankle joint, and one-DOF toe 

joint, is developed. All actuators are located at the proximal part 

of the thigh frame to minimize the distal mass. High payload 

timing belts and unique linkage mechanisms are utilized in the 

transmission to achieve high backdrivability and high joint 

stiffness. Actuation torques are intentionally coupled inspired 

by human anatomy, enduring the high propulsive force to the 

ground for dynamic movements, such as jumping. The 

implemented leg and toe mechanisms weigh 8.16 kg, and the 

height from the ground to the hip center is 786 mm. The 

proposed mechanism has been proven to be effective through 

force test and distance jump experiments.  

I. INTRODUCTION 

The human foot was designed to absorb impacts and adapt 

to various spatial configurations on different ground surfaces 

[1]. Human toes significantly contribute to balance and 

propulsion. During walking, the highest pressure is exerted 

on the toes compared to all soles [2]. In particular, the big toe 

helps maintain static balance in the single-leg posture and the 

ability to adjust the walking direction. [3]. Therefore, humans 

can perform highly dynamic motions such as jumping, 

running, and sprinting, as well as delicate and acrobatic 

motion such as ballet, dancing, and gymnastics. Despite the 

multiple functions of the feet and toes, most legged robots do 

not exploit these advantages. Biped robots have evolved from 

conventional manipulator technologies [4][5][6] and have 

exhibited outstanding performance using precise motion 

control in bent-knee poses to adapt to the ground and avoid 

impact from the ground. They have flat and blocky feet 

connected to a two-DOF ankle joint and are suitable for 

walking smoothly without considerable impact on the ground. 
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However, they are unsuitable for rough or unpredictable 

terrains or dynamic high-impact walking and running. Efforts 

have been made to achieve a high level of backdrivability by 

utilizing tendons and ball screws [7][8], absorbing impact 

using a series of elastic actuators [9], or realizing stable 

walking on uneven terrain with sensors [10][11]; however, 

their complicated and heavy ankle and foot mechanisms 

hinders agile movement and decreasing robustness against 

impact.  

Many quadrupedal robots using a quasi-direct drive (QDD) 

with extremely light limbs have achieved considerable 

success with advances in optimization and machine-learning 

techniques [12][13]. These robots have a non-collocated 

structure in which the actuators are placed at the proximal 

frame and not at the corresponding joints. Recently, many 

research groups have attempted to develop biped robots with 

these properties [14][15][16]. Moreover, non-collocated leg 

mechanisms with a carefully coupled actuation structure 

inspired by biomechanics demonstrate high energy efficiency 

and walking performance [17][18][19]. Implementing a 

non-collocated high-DOF foot and ankle mechanism is 

challenging, particularly when it is lightweight and endures 

impacts. Thus, most of these biped robots have pointed or 

small rigid feet with one-DOF ankles, neglecting the 

advantages of high-DOF ankles and toes. Various toe 

mechanisms have been proposed for biped robots 

[20][21][22][23]. These toe mechanisms have been proven to 

increase the walking stride length and enable a humanlike 

walking style with a stretched knee pose. Passive toe 
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Fig. 1. Developed high-DOF leg and toe mechanism HyperLeg. 
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mechanisms [20][21] are relatively simple and light, and 

provide stable contact with the ground, especially during the 

toe-off phase; however, delivering propulsive force and 

active balancing through the toe is challenging. Active toes 

[22] or variable-stiffness toes [23] can help in balance and 

propulsion; however, they can be heavier than human toes, 

vulnerable to ground impact, and unsuitable for dynamic 

motion. 

Unlike the small feet of recent non-collocated biped robots, 

the human foot is sufficiently large compared to other limbs, 

and effectively delivers force to the toes because of the 

connection of the Achilles tendon, the calcaneus bone, and 

plantar fascia with intrinsic foot muscles. It can absorb shock 

and distribute the load to the soles and toes. To obtain 

human-like capabilities in a robotic mechanism, the foot 

mechanism should be light, robust, backdrivable with high 

DOF and low inertia. As shown in Fig.1, this paper presents a 

new leg and foot mechanism called HyperLeg, inspired by 

human biomechanics. It includes a one-DOF knee joint, a 

two-DOF ankle joint, and a one-DOF toe joint. All the 

actuators for these joints were placed at the proximal part of 

the thigh frame to minimize the distal mass and increase foot 

robustness. To achieve backdrivability and high joint 

stiffness, high-payload timing belts and specially designed 

linkage mechanisms were used for the transmission. This 

transmission mechanism intentionally couples actuators and 

joints inspired by the human anatomy, enduring a high 

propulsive force on the ground for dynamic movements such 

as jumping. The unique serial connection of the two Watt 

6-bar linkages affords a wide range of ankle and toe motions, 

similar to those of humans.  
The remainder of this paper is organized as follows: 

Section II explains the design concept of HyperLeg and 
demonstrates its properties and effectiveness using a 
kinematic; Section III describes the detailed design and 
implementation of the study; Section IV reports the 
experimental results; and Section IV concludes the paper. 

II. DESIGN CONCEPT 

A.  Human Legs and Robotics Legs 

Fig. 2 illustrates the human foot and simplified planar 

models of several robotic leg mechanisms with feet, where 

the blue circles denote active joints or actuators and the gray 

circles denote passive pulleys or joints. Fig 2(a) and (b) 

illustrates the interconnections of the muscle, tendons, and 

fascia in the human foot. These components form an effective 

structure that transmits muscle force to the ground. As shown 

in Fig. 2(a) with dotted red lines, the calcaneal, tarsal, 

metatarsal bones, and plantar fascia wrapping around the 

head of the metatarsal bone form a triangular structure named 

windlass mechanism [1]. This makes the foot rigid to 

effectively transfer the propulsion force especially when the 

walking phase from mid-stance to toe-off [1].  Fig. 2(b) 

shows two joints of the human foot: the ankle joint for 

dorsiflexion and plantar flexion, and the subtalar joint for 

pronation and supination. The ankle joint is located between 

the talus, tibia, and fibular bones, permitting dorsiflexion and 

plantar flexion. The subtalar joint is located between the talus 

and two tarsal bones. Remarkably, the axis of the subtalar 

joint was tilted backward by approximately 41 deg to pass 

through the heel contact point of the calcaneus [2]. This joint 

configuration helps stabilize heel contact because the heel 

maintains the same contact position regardless of the subtalar 

joint angle [24]. Additionally, the combined mass of the 

human shank and foot is approximately 5 kg [25], which is 

difficult to achieve using collocated actuation. 

Biped robots can have a two-DOF ankle joint, similar to 

that of human ankles. Fig. 2(c) shows the concepts of active 

and passive toe mechanisms, where the models were 

simplified to one-degree-of-freedom (DOF) ankles for ease of 

explanation. Active toes [22] can change gait and enhance 

stability by minutely adjusting the center of pressure (COP) 

of the toe, especially during the toe-off phase. However, an 

active toe mechanism with a collocated structure makes the 

foot heavy and vulnerable to impact. Passive toes [20][21] or 

variable-compliance toes [23] can be good tradeoffs to make 

the foot lightweight; however, their contribution to balancing 

and propulsion is limited, and the effect may be similar to that 

of a properly designed curved sole mechanism without toes.  

Figs. 2(e)–(g) illustrate the proposed HyperLeg concept. 

Unlike other toe mechanisms, all the toe and ankle actuators 

are located in the thigh frame. Thus, a light weight and 
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Fig. 2 (a)-(b) Closed up views of the human foot with the windlass 

mechanism and joints in the ankle. (c) Simplified planar models of legs 

with toes (blue circles: actuators). (d) Proposed concept of HyperLeg 

(gray circles: passive or fixed pulleys). (e)-(g) Configurations of 

transmissions for knee, ankle, and toe actuations.  
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robustness can be achieved without losing degrees of freedom 

or high force. To implement such a non-collocated leg, an 

efficient transmission mechanism with a high payload and 

stiffness, low inertia and friction, and large-range motion is 

required. The red, green, and purple lines represent the 

transmission belts and linkages for knee, ankle, and toe 

actuation, respectively. For the actual implementation of the 

two-DOF ankle joints, two sets of mechanisms, as shown in 

Fig. 2(f), were used in parallel, as explained in Section III and 

Fig. 5. The dotted arrows in Figs. 2(e), (f), and (g) show the 

torque directions of the joints generated by the actuators. All 

actuator torques acted cooperatively in the direction of 

pushing the ground: knee extension, ankle plantar flexion, 

and toe plantar flexion. To exploit this coupling advantage 

and deliver the force effectively, as shown in Figs. 2(f) and 

(g), the linkage configurations were carefully designed. For 

instance, the shank crosslink connects the front point of the 

pulley on the knee joint and the rear point of the ankle to 

receive a tensile force and prevent buckling when pushing the 

ground. Generally, linkage mechanisms can achieve high 

stiffness and robustness because of their relatively simple and 

sturdy structures; however, they have a limited range of 

motion. To overcome this problem, as shown in Fig. 2(f), a 

Watt-type six-bar linkage mechanism was used in a series of 

shank-crossed links; thus, a wide human-like range of motion 

was achieved. To further exploit the coupling effect of human 

toes, as shown in Fig. 2(g), the shank crosslink was connected 

to two Watt-type six-bar linkages in series. Therefore, the toe 

actuator can deliver a high torque to the toe joint without 

increasing the foot mass and contribute to knee extension and 

ankle plantar flexion.  

B. Force-Torque Relationship and Cooperative Actuation 

 In HyperLeg, four actuators are located in the thigh frame 

and intentionally coupled with the one-DOF knee, two-DOF 

ankle, and one-DOF toe joints to exert the maximum force on 

the ground during dynamic motion. Sim et al. named this 

design principle as cooperative actuation (CA) [14]. The CA 

effect of the HyperLeg can be identified by evaluating the 

relationship between the actuator and joint torques, as well as 

that between the joint torques and foot force. Fig. 3(a) shows 

the joint configuration of the proposed leg mechanism, where 

, , , , and  denote the hip pitch, knee pitch, ankle 

pitch, ankle roll, and toe pitch angles, respectively. Because 

this paper focuses on knee, ankle, and toe motions, , 

, ,  will be mainly considered. From the connections 

between the actuators and joints shown in Figs. 2(e), (f), and 

(g), the forward kinematics , Jacobian , and torque 

relationship between the actuators and joints can be obtained 

as follows:  

, , and    (1) 

where  denotes the 4×1 vectors representing the angles of 

the knee, left ankle, right ankle, and toe actuators, 

respectively, and  and  denote the torque vectors of the 

actuator and joint, respectively. The left and right ankle 

actuators were connected to the left and right sides of the heel 

in parallel via belts and linkages, as shown in Figs. 4(b) and 

(e), respectively, which are omitted in Fig. 2(f). This 

kinematic relationship is nonlinear and its derivation is 

explained in Subsection III.B. As an example, if the leg is in a 

knee-bent pose pressing the ground with the toe, i.e., 

 and  , , ,  deg as shown in Figs. 

3(b), the torque relationship of (1) becomes 

   (2) 

As noted by the fact that the first row has non-zero negative 

values, all four actuators cooperatively produce knee joint 

torque in the extension direction. The second and fourth rows 

of the ankle pitch and toe joints exhibited the same positive 

values, indicating that when all actuators produced joint 

torques in the direction of knee extension, they cooperatively 

produced ankle and toe plantar flexion torques, all of which 

helped support the body weight and propulsion. As explained 

in [14], the ankle roll joint corresponding to the third row of 

(2) can also be interpreted as a CA using a parallel link 

connection. 

The kinematic relationship , Jacobian , and 

force-torque relationship between the joints and toe position 

are as follows: 

, , and    (3)  

where  denotes the position of the center of 

the toe frame.  is the force on the toe, and the operator 

 represents the transpose of the pseudo-inverse matrix. 

By combining (1) and (3), the velocity and force relationship 

between the actuators and toe can be obtained as follows: 

          (4) 

         (5) 

Figs. 3(b) and (c) illustrate the force and velocity polygons 

that the robot can produce, respectively, where (4) and (5) are 

extended to include the hip joint motions. For the calculation, 

the actual values of the peak torques and speeds of the knee, 

ankle, and toe motors listed in Table I were used, and the 

speed and torque of the hip-pitch actuator were set as 910°/s 

and 250 Nm, respectively. Fig. 3(b) shows the results of the 

CA of HyperLeg, where the matrix  in (2) was used. Fig. 
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Fig. 3. (a) Joint configuration and coordinate system of HyperLeg. (b) 
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3(c) shows the results of the collocated actuation, where  

has only diagonal terms. The collocated actuation shown in 

Fig. 3(c) has a small force polygon. It can also have practical 

implementation problems, such as a large distal mass, 

complicated ankle and foot mechanisms, and impact 

vulnerability. Owing to the CA, the HyperLeg exerts a 

significantly large force, particularly in the direction of 

pushing the ground. However, the proposed CA may degrade 

the performance of other motions or applications. For 

example, it reduces the torque in the direction of ankle 

dorsiflexion because it is in the opposite direction to pushing 

the ground. In addition, the redundancy caused by the 

addition of toe DOF may make control and balance difficult. 

III. DETAILED DESIGN AND IMPLEMENTATION 

A.  Mechanical Design 

The proposed leg height was 786 mm. The distance between 

the tip of the toe and the end of the heel was 262.5 mm, and 

the transverse length of the toe was 90 mm. To effectively 

absorb the impact from the heel, the axis of the ankle-roll 

joint was designed to pass through the heel at an angle of 30° 

from the ground, similar to that in humans. The knee, left 

ankle, right ankle, and toe actuators are located inside the 

thigh frame, as shown in Figs. 4(a) and (b). The output from 

each actuator was connected to the corresponding timing 

pulley at the knee joint through a timing belt. As shown in Fig. 

4(b), a timing pulley was attached to the shank frame to 

actuate the knee joint, and the other pulleys were connected to 

the shank crosslinks for ankle and toe actuation. Figs. 4(c) 

and (d) illustrate the linkage mechanisms for the ankle and toe. 

The ankle levers, ankle links, shank cross links, and timing 

pulleys at the knee joint form Watt-type six-bar mechanisms, 

which enable a wide range of motions of the ankle and toe 

joints, similar to humans. In particular, as shown in Fig. 4(d), 

the linkage configuration was carefully determined to ensure 

that all links were under tension when the toe exerted a large 

force against the ground to prevent the damage or buckling, 

even under severe impacts. In addition, each link length was 

determined to ensure a wide range of motion for performing 

various motions and not to work in the singular region. As 

shown in Fig. 4(e), both ends of the ankle links were 

connected to other links or frames via spherical and universal 

joints to allow three-dimensional motion, as presented in the 

authors’ previous study on a two-DOF ankle mechanism [26].  

Table I summarizes the specifications of HyperLeg. The 

total weight of the mechanism is 8.16 kg. The thigh with 

actuators, the shank with the ankle joint, and the foot with the 

toe had masses of 3.94, 3.11, and 1.11 kg, respectively. The 

mass of the parts below the knee was 4.22 kg, which is much 

 

Timing Belt 

& Pulley for 

ankle and toe 

Knee Timing 

Belt & Pulley

4 actuators for knee, 

left/right ankle, 

and toe joints

Timing Belt

Tensioner

Toe Ankle Links

Shank Frame

 
(a)  
 

 

Left Ankle 

Actuator

Right Ankle 

Actuator

Toe Actuator

Left Ankle Link

Center Ankle Link

Foot with 

2-DOF Ankle

Knee Actuator

Belt

Tensioner

Right Ankle Link

Shank 

cross links

Timing Pulleys

 
 (b) 

 

 
Toe Link

Foot Link

Shank cross link

Ankle lever

Ankle link

 

Universal

Joints

Spherical 

Joints

Ankle 

links

Heel

 
(c)       (d)          (e) 

Fig. 4. Mechanical design of the HyperLeg. (a),(b) Detailed design and 

exploded view of the proposed HyperLeg. (c), (d), and (e) Design of the 

linkage mechanisms for the ankle and toe actuations  

Table I. Mechanical Specifications 

Weight [kg] 

Total 8.16 

Thigh Shank Ankle Foot Toe 

3.94 2.98 0.13 0.68 0.43 

Items Knee Ankle pitch Ankle roll Toe 

Range of motion [deg] 0~150 -56~60 -30~30 -65~10 

Equivalent reduction 

ratio* 
31.11 : 1 26.69 : 1 16.51 : 1 31.93 : 1 

Motors RI70 RI60 RI60 RI60 

Max speed [deg/s] 602.7 785.6 1270.4 656.8 

Rated torque  

without CA [Nm] 
26.32 13.69 8.47 16.38 

Max torque  

without CA [Nm] 
75.04 39.16 24.21 46.84 

Max torque  

with CA [Nm] 
212.0 111.7 48.44 46.84 

Reduction ratio from 

motors to pulleys 
Planetary Gear (7:1)  Timing Pulley (4.44:1) 

Motor  

specification  

RI70, T-Motor Co. 
Peak torque: 2.68 Nm 

Cont. torque: 0.94 Nm 

No load speed: 18,750 deg/s 

RI60, T-Motor Co. 
Peak torque: 1.63 Nm 

Cont. torque: 0.57 Nm 

No load speed: 20,970 deg/s 

* Reduction ratios from motors at a standing pose as shown in Fig. 4(a) 
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lighter than most human-sized collocated biped robots and 

comparable to that of an adult male at 5 kg [25]. Each motor 

has a one-stage planetary gear developed from scratch by 

machining and nitriding the steel gears. The reduction ratio of 

the planetary gear is 7:1. The timing belt and pulley produced 

an additional reduction ratio of 4.44:1. To prevent damage to 

the reducers by the propagation of impact from the ground, 

the motor rotors and gears were carefully designed to have 

low inertia. As indicated by the speed and torque 

specifications of the joints, CA increased the peak torque of 

the knee and ankle joints. For instance, although the knee 

actuator alone produces a peak torque of 75.04 Nm, with the 

help of the CA, the peak torque of the knee joint can be 

increased to 212 Nm. 
The materials of the components were selected to make the 

legs lighter and more robust. For simplicity, the thigh frame 
was composed of four AL6061-T6 plates for simple 
construction. For weight reduction, a shank frame was built 
using 3D-printed acrylonitrile-butadiene-styrene (ABS) parts. 
The foot and toe frames and links were made of AL6061-T6 
material to ensure robustness against impact. Polyurethane 
was used as the material for the toe and heel pads. The toe pad 
was designed to be sufficiently large to achieve sufficient 
friction, particularly at the toe-off moment of walking. The 
heel pad is designed to be spherical to ensure stable contact 
with the ground in the heel-contact stance. Fig. 5 shows the 
range of motion of the ankle and toe. 

B. Kinematics 

Obtaining inverse kinematics is convenient for 
mechanisms with coupled and parallel structures, such as 
HyperLeg. The inverse kinematics between the actuators and 
joints is the inverse function of (1), where the input is the joint 
angle and the output is the actuator angle. The inverse 
kinematics can be obtained similar to [26], and the forward 
kinematics and Jacobian were calculated numerically and 
iteratively using the obtained inverse kinematics. Figs. 6(a) 
and (b) illustrate the symmetrical relationship between the 
pitch and roll angles of the ankle joint and the left and right 
ankle actuator angles. As shown in Fig. 6(b), an approximately 
linear relationship is exhibited without significant distortions 
over the entire range of motion. Fig. 6(c) shows the 
relationship between the toe actuator and toe joint, which is 
also related to the ankle pitch angle. Fig. 6(d) shows that the 
ankle roll motion slightly affects the relationship between the 
toe joint motion and toe actuator motion. Although these 
relationships are nonlinear and coupled, motion planning and 
control can be performed appropriately because the control 
algorithms are based on the exact forward and backward 
kinematics and dynamics. In addition, because the nonlinear 
reduction ratios remain within the appropriate bounds, the leg 
can exert force and speed over the entire range of motion 
without distortion or singularity. 

IV. EXPERIMENTAL VALIDATION 

A. Toe Force Test 

To verify the force fidelity of the proposed leg mechanism, 
the actual force applied to the toe frame and estimated force 
calculated from the motor current were compared. As shown 
in Fig. 7(a), force was applied to the center of the toe frame in 
three directions using a linear guide, and the applied force was 
measured using a push-pull gauge (DS2-500N, YILIDA Co.). 
Figs. 7(b), (c), and (d) show the estimated forces calculated 
from the motor current using (5), which verify that the 
proposed leg mechanism is possible to detect external forces 
without force-torque sensors owing to the low friction of the 
transmission and accurate kinematic modeling. This error is 
thought to have occurred because of the remaining friction at 
the timing belt and bushings of the linkage joints, which can 
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Fig. 5. Various Ankle and toe joint motions. 
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Fig. 6. (a), (b) Relationship between the ankle actuators and ankle joints. (c), 
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be improved by friction compensation. The maximum errors 
at the highest force were 4.56, 13.84, and 12.22 N in the x, y, 

and z directions, respectively. 

B. Distance Jump Test 

Distance jump experiments were conducted to prove that 
the proposed leg is suitable for dynamic and coordinated 
motion. A dummy mass of 7.8 kg was attached to the hip 
position, considering the mass of the three hip actuators and 
the upper body to be developed. Thus, the total mass of the leg 
with the dummy mass was 16 kg. To prevent lateral motion, a 
passive three-DOF boom was attached to the hip center point, 
allowing free translation to the x- and z-axes and rotation to 
the y-axis of the thigh frame. Distance jumps that do not 
exploit the upper body mass and hip joints are challenging. 
However, as shown in Fig. 8(a) and (b), the leg performed a 
jump of 897 mm, which was the distance between the heel 
positions of the start and landing poses. Fig. 8(c), (d), and (e) 
show the motor and joint torques and the joint speed during 
jumping. The propulsion time was 0.32 s, and the aerial time 
between the takeoff and heel landing was 0.31 s. Fig. 8(c) 
shows that during the knee extension stage (0–0.15 s), the 
knee motor exerted a peak torque of 2.68 Nm, and the other 
three motors exerted approximately 1 Nm. Therefore, as 
shown in Fig. 8(d), the knee joint could exert 183 Nm by the 
CA, which is substantially higher than the maximum torque 
exerted only by the knee actuator, 75.04 Nm. In the foot 

push-off stage (0.15~0.32 s), the ankle and toe motors exerted 
a combined near-peak torque of 1.63 Nm. At the end of this 
stage, the leg was already moving at a high speed; thus, to 
accelerate further, the toe must push the ground at a higher 
speed than the moving leg. As shown in Fig. 8(e), the speed of 
the toe joint rapidly increases at the moment of toe-off, 
propelling the leg forward. Overall, the results show that the 
knee accelerates the heavy body first, and then the ankle and 
toe push the ground to increase speed at the last moment of 
jumping, which is similar to a human jump; however, the 
detailed motions were different. For instance, the initial angle 
of the ankle shown in Fig. 8(a) is difficult for humans; 
however, it is suitable for the proposed mechanism because it 
has a wide range of motion and an approximately linear torque 
transmission relationship. Landing control was not within the 
scope of this study; however, appropriate joint stiffness and 
damping values were set by joint-space impedance control to 

absorb the impact from the ground. 

V. CONCLUSION 

This paper presented a novel biomechanics-inspired leg 
mechanism called HyperLeg, which included a one-DOF knee, 
a two-DOF ankle, and a one-DOF toe joint. HyperLeg has 
light, yet robust mechanisms that are remotely actuated by 
motors in the thigh frame. The implemented leg weighed 8.16 
kg, and the mass of the parts under the knee was only 4.2 kg. A 
unique transmission mechanism composed of high-payload 
timing belts and linkage mechanisms was designed to achieve 
high stiffness and strength while allowing for a wide range of 
motion. The distance jumping experiment was conducted 
using a 7.8 kg dummy mass, considering the addition of the 
hip and upper body, and the results showed effective and 
natural motions. In future studies, a biped robot with two 
7-DOF legs and multiple-DOF dual arms will be developed. 
Three-DOF hip joints cooperatively actuated for dynamic and 
intricate motions are designed. Cooperative actuation can 
degrade torque-velocity performance in specific motions, such 
as the plantar flexion of ankle and the dorsiflexion of toe.  Also, 
the toe joint can complicate control and balance. Therefore, a 
thorough study and experiments should be conducted to 
exploit the redundancy of the toe joint comparing with other 
humanoid legs, and mitigate the performance degradation. 
The ABS frames were replaced by 3-D printed metal parts to 
withstand multiple impacts and heavy loads. Control 
algorithms that harness the new features of the robot will be 
developed. The proposed robot is expected to bridge the gap 
between the current humanoid robots and highly dynamic, 
agile, quiet, and safe human bodies. 
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