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Abstract. Animal size impacts locomotion, due to its effect on the influ-
ence of gravity, inertia, and an animal’s internal elasticity and damping.
We are developing a cat robot to further explore the impact of these four
characteristics on animal locomotion. This paper details the mechanical
design of this cat robot’s rear limbs, as well as the simulated validation
of this design. In future work, we plan to design forelimbs with a float-
ing scapula and test the robot in split-belt treadmill experiments similar
to those done in mammalian experiments as we develop its synthetic
nervous system controller.
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1 Introduction and Background

Animals of different sizes move differently. This is because different forces domi-
nate a creature’s movement depending on how large it is. There are four primary
forces which affect locomotor strategy: gravitational, inertial, viscous, and elas-
tic forces. Often, two or three forces will dominate an animal’s motion, and the
others will be negligible [1,16,19,23,33]. Elastic and viscous forces dominate
the locomotion of smaller creatures such as insects, while larger animals such
as dogs, humans, and horses experience more prominent gravitational and iner-
tial effects. This is due to both their size and the construction of the animals’
anatomy. Insects are small enough that gravitational and inertial effects are
negligible, and their anatomy contains significant built-in elasticity and damp-
ing [22]. Conversely, larger animals’ size means that gravitational and inertial
effects dominate their locomotion, and any elastic or damping effects from their
anatomy are negligible in comparison [18]. We are building a cat robot in order
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to augment prior research on the effect of scale in animals of intermediate size.
In modeling the fundamental biomechanics of a cat, we can use this cat robot
to further explore feline locomotion.

Given that animal locomotion depends on size, and an animal’s nervous sys-
tem controls its motion, it follows that an animal’s size affects the structure
and function of its nervous system [33]. Our work seeks to explore this inter-
play between animal size and nervous system structure. Biomimetic robots are
uniquely positioned to explore this interaction, as they allow us to validate scien-
tific hypotheses surrounding animal locomotion [26]. By building robots based on
leading theories of biomechanics and neural control, we can reverse-engineer ani-
mal locomotion, and emulate live animal experiments with robots which operate
on similar principles. Because robots do not get tired or have animal experi-
mental use considerations, experiments involving robotic animals can be carried
out at far greater scale than those involving live animals. While this does not
aim to replace animal testing entirely, the experiments on robots can be used
to test theories and design future experiments on the animals. This allows pre-
liminary research into animal locomotion to be carried out at greater scale for
comparatively less cost, allowing live animal trials to be used more economically.

Prior work within our lab has explored the biomechanics and neural control
of animals at several different scales: Drosophibot [13], MantisBot [34], Puppy
[21], and most recently the rat robot [2]. The creation of this cat robot aims to
augment the prior scaling work done within the lab by providing a biomimetic
robot at a scale in between rat and dog. Additionally, cats are one of the smaller
animals to walk upright [7] rather than in a crouched posture, like rats [15], which
makes them an interesting animal for scaling studies. This paper explores the
mechanical design of the rear limbs of our cat robot, as well as some preliminary
testing and validation of the design and motor control algorithm.

2 Methods and Materials

2.1 Motor Selection and Torque Requirements

The motors selected for this robot are the Westwood Robotics Koala BEAR
(Westwood Robotics LLC, Westwood, MA) model. These were chosen for their
low gear ratio, back-drivability, and torque feedback capabilities, as well as their
relatively small form factor (6.4 X 6.2 x 3.7 cm) and high torque output (3.5 Nm
static, 10.5 Nm dynamic). Additionally, the motors have a speed constant of
27.3 RPM/V. With our 24 V power supply, the maximum velocity of the motors
is well above the maximum cat joint velocity of 149 RPM [29]. These motors are
quasi-direct drive, which allows for relatively straightforward torque control [30].
Thus, the motors are capable of emulating variable stiffness and damping within
the motor control code, something that normally requires physical springs and
dampers to be added in series with other motors. Other works which have used
these motors have reported sufficient control frequencies [24], however it should
be noted that the motors are still limited and cannot emulate infinite stiffness or
damping properties. Further testing is needed to characterize the valid regions
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of stiffness and damping for these motors, as simulated tests show that too
large damping commands require motor torques beyond the maximum dynamic
torque of the motors. An alternative is to implement discrete passive springs
and dampers at the joints. The ability to dynamically change these properties
greatly reduces the robot’s design complexity and allows these parameters to be
changed dynamically instead of requiring physical replacement of components.
Thus, these motors allow us to perform studies on the dynamic scale of the
robot without changing the hardware. It is important to note that the dynamic
scale of the robot refers to the relationship between inertia, stiffness, damping,
and temporal properties, along with the kinematic configuration and scale [33].
Changing any one of these properties impacts the dynamic scale of the robot.

A joint torque analysis was performed to determine the expected loads each
joint of the robot would experience during a cat-like walking gait, and whether
the Koala motor specifications would be sufficient. We used dynamic motion
tracking data of a cat walking on a treadmill from Prilutsky et al. [29]. This
data consisted of the limb joint angles and the dynamic force experienced at
each joint over time. It also included the mass, length, and center of mass of
each part of the limb (digits, tarsal, tibia/fibula, and femur). The vertical force
experienced at the metatarsophalangeal (MTP) joint was used to approximate
the ground reaction force (GRF), as this element is in contact with the ground
during the entirety of stance phase, excluding toe-off.

Fig. 1. On the left is a CAD model of the robotic leg. On the right is the physical
robotic leg. Green dots represent pivot points, Blue lines represent the limb length.
(Color figure online)

The joint torque analysis was performed using forward kinematic, static
torque calculations on the model shown in Fig. 1 for each timestep of the col-
lected data tracking the MTP joint angle, the ankle angle, and the knee angle.
The static torque calculations used for the initial design phase incorporate the
dynamic forces recorded in the motion tracking data giving us the instantaneous
torque at each timestep. We recognize that while this provides an estimate for
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preliminary design work a true dynamic analysis will need to be performed prior
to finalizing the design. To accommodate the use of absolute coordinates in the
models, the joint angle data was converted from its initial relative coordinates
to absolute coordinates (61,602, 03). The robot shown in Fig. 1 has its mass con-
centrated at the motors, which are located near the joints. This is a reasonable
approximation for the purposes of this analysis as the robot limbs are composed
of 3D printed carbon fiber and are thus negligibly light compared to the motor
mass (250 g).

Tank,c = _Fclta COS(01) +g mtalcom,ta C05(91) + ms(ls - lcom,s) COS(QQ)

+Mn (ls cos(02) + (lin — lcom,tn) 005(93))} (1)

Tknee,e = —Fe [ltacos(el) + lscos(Gg)] +g [mta (lcom’tacos(el) + lscos(eg))

+mslcom,scos(02) + mn (lth — lcorrl,th)cos(93):| (2)

Thipe = —Fc [ltacos(&) + lscos(02) + lthcos(eg)]

+g|mya (lcom,tacos(ﬁl) + lscos(02) + lthcos(eg))

+ms (lcom,scos(92) + lt}1005(93)) + mthlcom,thcosws)] (3)

Equations 1-3 describe the torque about each joint of the biological cat which
inspired our robot, while Eqs. 5—7 describe the torque about each joint of the
modeled cat robot. Descriptions and values for each parameter used in these
equations can be found in Table 1.

_ Mrobot
Bo=F (4)
Tank,r = s[ — Filiacos(61) + mglscos(ﬁg)] (5)
Tkneer = 8 [ — F, (ltacos(ﬂl) + lscos(02)> + mglscos(Gg)] (6)

Thip,r = 8 [ — F; (ltacos(ﬂl) + lscos(02)+

lthcos(eg)) +mg (zscos(ez) + 2zthcos(93))} (7)

To account for the difference in lengths between the robot and the animal, a
scaling factor, s, was incorporated into Eqs. 5—7. To adjust the ground reaction
forces (GRF's), the contact forces measured in testing [29], F,, were scaled by the
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ratio of the mass of the robot to the mass of the cat. While compact, the motors
were still too large to fit on a frame the size of a typical cat so a length increase
was necessary. The length scaling factor allowed us to analyze the increased joint
torques the system would experience at larger scales and determine a size that
accommodated ease of manufacturing without exceeding the motor torque limits
all while trying to keep the scale as close to 1 as possible. The motor masses were
placed at the distal end of the femur and tibia of the model for this analysis.

Table 1. The parameters and variables used in the joint torque equations. Variables
without listed values are time dependent.

Param. | Description Value |Param. | Description Value
01 MTP Joint Angle | — lta Tarsal Length 6.15 cm
0> Ankle Angle - ls Shank Length 9.5 cm
03 Knee Angle - len Thigh Length 9.4 cm
Mia Tarsal Mass 19.1 g |lcom,ta | Tarsal COM 2.99 cm
ms Shank Mass 56.1 g | lcom,s Shank COM 4.02 cm
Mth Thigh Mass 142 g |lcom,tn | Thigh COM 4.16 cm
Mrobot | RObot Mass 10 kg | 7c Cat Joint Torque —
Meat Cat Mass 3.02 kg | 7+ Robot Joint Torque -
Fe Contact Force - s Length Scaling Factor | 1.75
Biological Cat Torques Robot Cat Torques

Torque (N-m)
°
o
Torque (N-m)

©
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Fig. 2. Hip, knee, and ankle torques through a single stance phase for a cat hind leg
and robotic cat leg analogue. The gray line indicates the timestep we considered to
be standing position and the maximum torque at that time. The torque profiles are
similar in shape but differ in magnitude.

The joint torques over the course of a single stance phase are shown in Fig. 2
for the animal and robot models, respectively. The length scale for the robot
model used was 1.75 and the mass of the robot was set to its expected total of
10 kg. Preliminary testing and prototyping revealed that a scale factor of roughly
1.75 was the minimum length increase needed to fit our motors on the robot
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without requiring us to manufacture custom drive components, such as the belts
and pulleys. To check that this scale produced joint torques within the motor
limits we identified a timestep in the stance data where the joint angles correlated
to those of a typical standing position (t = 1700 ms). The maximum joint torque
calculated at this standing position was 1.48 Nm, well below the motor’s static
loading limit of 3.5 Nm. Furthermore, the maximum torque experienced over the
entirety of stance was under 4.5 Nm, which is well below the motor’s dynamic
loading limit of 10.5 Nm. With both conditions satisfied, a length scale of 1.75
was chosen for the design of the cat robot. Assuming the motors are placed at
the ankle and knee of the robot, this provides enough space to fit them without
overloading the motors beyond their torque specification. While the scaling factor
would ideally be closer to 1, increasing the amount of space for the motors,
without exceeding their torque capabilities, was crucial for manufacturability.
An increase in size still allows for the robot to be dynamically similar to the
cat because the stiffness and damping in the motors can be increased relative to
the inertia of the leg according to scaling laws. Additionally, the robot at a 1.75
scale is still within the size range of domestic felines, falling around the size and
weight of a Maine Coon.

2.2 Mechanical Design of Rear Limbs

The mechanical design of the cat robot aims to mimic feline morphology as
accurately as possible without introducing unnecessary complexity. For our pur-
poses, this means that the hip, knee, and ankle joints are actuated by motors,
and a passively compliant MTP joint allows the foot to conform to the ground
throughout stance. Analyses of feline locomotion generally focus on the hip,
knee, and ankle, and excludes the MTP joint in the foot [10,31]. Using these
active and passive degrees of freedom allows us to capture the main components
of locomotion.

The knee and ankle of the robot are simplified to be hinge joints, so each has
one motor controlling flexion and extension. The hip in the animal is a ball-and-
socket joint, though it has been shown that motion in the sagittal plane alone
is sufficient to produce locomotive behavior [25]. However, it was found that
abduction/adduction motion in the hip plays a significant role in the stability
of walking [25,28]. Therefore, we have included motors to control motion of the
hip joints in both the sagittal and frontal planes of motion. Future works may
require a redesign of the ankle to include additional degrees of freedom.

Final Design. Our final design is scaled up by a factor of 1.75 from the size
of the biological cat used in our torque analysis. This places our design within
the acceptable limits of the torque capabilities of the motor as discussed in the
Sect. 2.1. We decided to implement a belt-driven system, with a motor at the
hip actuating the knee, and motor at the knee actuating the ankle. Thus, there
is no concentrated mass load at the end of the tibia, reducing the inertia of the
leg with respect to the hip joint.
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Our belt-drive system uses Fingertech timing belts (Fingertech Robotics Ltd.,
Saskatoon, CA), with custom 3D-printed gears adapted from the Fingertech 16T
gears. The gear ratio from driving motor at the hip to actuated joint at the knee
is 1:1, as is the gear ratio from the driving motor at the knee to the actuated
joint at the ankle. The purpose of having the ankle and knee belt-driven is to
allow for the motors to be placed higher up on the limb, reducing the inertia
of the robot about the hip. The Koala BEAR motors do not have a driveshaft.
Rather, they have an actuated faceplate to which objects can be fastened. Our
driving gears were adapted to bolt directly to the faceplate, with mounting
holes matching that on the faceplate of the motor. These gears were 3D printed
without supports.

The current version of the cat robot, depicted in Fig. 1, consists of only the
rear limbs, so the pelvis need not be fully actuated or anatomically accurate. As
we have no front limbs to support the robot, the pelvis is currently mounted to
a platform with two vertical rods, with ball bearings ensuring smooth vertical
motion. For ease of design, manufacturing, and to provide a place to mount
electronics, the base of the pelvis consists of a flat plate with two large holes
cut out for placement of linear ball bearings, and eight smaller holes above the
point where the abduction/adduction motor is mounted. The motor is attached
to the bottom of the pelvis, enclosed in a 3D-printed structure with tapped M3
holes so that the full weight of the motor is not being supported by the four M3
mounting holes on its top face.

An enclosure for the flexion/extension motor mounts directly to the faceplate
of the abduction/adduction motor. Mounted to the flexion/extension motor is
a connector piece, which creates an offset between the head of the femur and
the outside of the pelvis in order to allow the femur to rotate 360° without
contacting the pelvis when the flexion/extension motor is vertical.

Femur. The final femur design is shown in Fig. 3. The eight holes on the face
of the head of the femur allow it to mount directly to the connector piece, and
thus it is directly driven by the flexion/extension motor. A belt channel runs
through the center of the femur, with significant cutouts along the shaft to allow
for easy access to and maintenance of the timing belt and gears. The cutouts
along the shaft are also far enough apart to accommodate the head of the tibia,
which mounts at the circular hole at the distal end of the femur. The platform
extending out from the head of the femur houses the motor, which is bolted on
from below and is used to belt-drive the knee.

Tibia. The head of the tibia is longer than that of the femur so that there is
room for both the driven gear (at the point where the D-slot is located) and
the driving gear within the head of the tibia. Because providing enough vertical
clearance to prevent collision of the bottom of the femur and the top of the knee-
mounted motor would require that the motor be placed too low on the tibia, the
motor is mounted at a 5 mm offset from the face of the head of the tibia to
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allow full range of motion of the tibia about the knee. Aside from the changes
mentioned above, the tibia design is largely the same as the femur design.

Fig. 3. Left: Isometric view of robot tibia. Right: Isometric view of robot femur.

2.3 Mechanical Design of the Foot

While many quadrupedal robots exist, few use compliant mechanisms for their
feet. Most quadrupedal robots use peg or rounded ball feet for simplicity [17].
However, these designs do not move like the feet of a cat. A compliant foot
design may enable the cat robot to better mimic cat gait by allowing the foot to
conform to the ground throughout stance without the additional complexity of a
fully actuated foot. It has also been shown that the use of passive compliance in
the feet of robots increases the stability of the robot [3,4,27]. The compliant foot
must be compatible with the femur and tibia described above. It must be able
to handle stresses during locomotion and have a range of motion comparable to
that of a biological cat.

Before generating concepts for the compliant foot design, we conducted
research on cat anatomy and preexisting robotic feet [5,14]. The hind feet of
a cat have three main sections: the tarsals, metatarsals and the phalanges [6].
The basic shape of the compliant foot was designed to closely approximate the
shape of a biological cat foot, with a focus on retaining the joint between the
tarsals and phalanges. For ease of manufacturability and stability, the design
does not include individual movable toes.

We chose a design which used silicone rubber as a passive spring housed
between the digits and tarsals. The toe and tarsal sections of the hind foot were
fabricated as separate parts and joined through casting silicone in an appropriate
shape. The shape of the toe and tarsal components was modified in consideration
for the appropriate range of motion for the hind foot. The foot is expected to
have a joint range of 0 to 90°.
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Mathematical Models. To analyze the flexure and stress of the joint, we
modeled the compliant foot as a small-length flexural pivot [20]. Using a beam
length of L and a flexural segment of length [, the stiffness, movement, and stress
can be modeled using the following equations:

c=3 (8)
Myl
o = EI 9)
K= % (10)
M()C
= — 11
Omazx Ti ( )

where c refers to half of the beam height, I refers to the area moment of inertia,
M refers to the moment applied at the end of the beam, and E is the Young’s
modulus. The moment approximation was used due to available estimated motor
torques. Based on the joint torque calculated for the ankle motor, a moment
value of 0.744 N -m was used. The silicone beam length, width, and height were
chosen based on its fit in the tarsal and toe components. The beam length is
approximated using the length of the tarsal component, as the moment is applied
from the end of the tarsal. Table 2 lists these values used in this model. Using
this model, we calculated a stress of 2.3 MPa at the joint. These equations
are rough approximations, especially for the degree of bending observed during
prototyping. However, they were deemed close enough for initial design (Fig. 4).

0
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Fig. 4. Pseudo Rigid Body Model of Small Length Flexural Pivot [20].

Table 2. Values used for the model of the Metatarsophalangeal Joint.

Parameter Value

Moment, M 0.744 Nm

Beam Length, L 0.107 m

Silicone Length, [ 0.015 m
Silicone Width, w 0.016 m

Silicone Height, h 0.0115 m

Area Moment of Inertia, I | 2.03E—9 kg - m*
Neutral Axis Location, ¢ | 0.0125 m
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The dimensions of the compliant foot are based on data obtained from a
biological cat. The robot is scaled to 1.75 times the size of this cat, so the tarsal
and toe components were restricted to 0.108 m and 0.048 m long, respectively.

We modeled the silicone joint concept in SolidWorks. The phalanges were
grouped together as a single toe component. The tarsals and metatarsals were
grouped together as one tarsal component. The end of the toe component which
faces the tarsal has a curve to guide the movement range of the tarsal. In order
to decrease stress on the overhang, we added a flare to the end of the tarsal
which faces the toe. This spreads out the area that the tarsal is in contact with
the toe component when the joint is in a 90° position.

(c) (d)

Fig. 5. Tarsal model with compliant MTP joint. (a) Toe Component. (b) Cut view of
toe. (c) Tarsal component. (d) Cut view of tarsal. (e) Fully assembled tarsal model
with compliant MTP joint.

Both the toe and tarsal components include a hollow chamber for the silicone
rubber. We added teeth to both chambers to grip the silicone and prevent it from
sliding out after casting. There are 4 teeth in the chamber in the toe, with two
on the top and two on the bottom. There are 5 teeth in the tarsal chamber, with
two on the top and three on the bottom. These teeth are rounded to prevent
potential tear damage. These features as well as the assembled model of the
tarsal and toes is shown in Fig. 5

Materials. We 3D printed the main components of the compliant foot for
ease of manufacture. Dragon Skin brand (Smooth-On, Macungie, PA) silicone
rubber was chosen for use at the joint due to its flexibility and durability. This
brand of silicone is located on the middle to lower range of the hardness scale,
which allows it the flexibility to bend without cracking. In addition, it has the
strength to withstand the expected loads on the joint. We bought and tested 3
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variants of Dragon Skin silicone rubber—Dragon Skin 10 Medium, Dragon Skin
20, and Dragon Skin 30—to compare their characteristics. These variants were
chosen due to their tensile strength being higher than the stress we calculated
of 2.3 MPa. A simplified list of their properties is shown in Table 3. In addition,
the torsional stiffness was estimated for all three variants using the first iteration
of the foot. These estimated values were calculated by measuring the bend angle
of the foot under the weight of the tarsal.

Table 3. Silicone Rubber Properties [32].

Variant Hardness | Cure Tensile | 100% Estimated Torsional
Time | Strength | Modulus Stiffness (K,
(h) (MPa) | (E, MPa) |N*m/rad)

Dragon Skin 10|10 A 5 3.275 0.152 0.0128

Dragon Skin 20 | 20 A 4 3.792 0.338 0.0110

Dragon Skin 30 | 30 A 16 3.447 0.593 0.104

In the end, Dragon Skin 30 was chosen for the joint, as Dragon Skin 10 and
20 both had very similar torsional stiffness, and occasionally remained in a bent
configuration rather than returning to a flat configuration when the foot was
moved around. Additionally, the weight of the tarsal component alone was able
to bend the 10 and 20 feet a significant amount (>70°), which meant that they
are too compliant and would not hold up well under the weight of the full robot.
While the material of the foot should be able to handle the stresses from the
robot weight itself, the bending mechanism would not behave as desired. In this
scenario, the foot may immediately go from a 0 to 90° configuration without
much resistance. In comparison, Dragon Skin 30 was stiff enough to return to a
flat configuration after bending in preliminary tests, and the weight of the tarsal
component only bent the foot below 45°. Additionally, the amount of silicone in
the foot can be adjusted to the stiffness needs of the robot in future designs.

3 Results

Before beginning experiments with the cat robot, we implemented a simulated
model of our design in the physics simulator Mujoco [35]. This model allowed us
to validate the joint controller which will be used to control the robot, and to
get an idea of the results we could expect from our Koala BEAR motors.

One of the primary motivations behind using quasi-direct drive actuators for
our robot was their ease of torque control [30], which allows us to dynamically
adjust the stiffness and damping of any joint on the robot in order to test theories
about dynamic scaling in animal joints. We can do this by directly controlling
the torque at each joint to mimic a rotational system with stiffness and damping

T=—k-(0—0)—c-0 (12)
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where 6 is the motor position, 6y is the motor resting position, 6 is the motor
velocity, k is the rotational stiffness coefficient, c is the rotational damping coef-
ficient, and 7 is the motor torque. As the focus of these simulations was on the
motor controller, a more traditional, rigid foot was used rather than the foot
with compliant toes. Further testing will be done to evaluate various designs of
the feet as they relate to the normal gait cycle.

We subjected the simulated leg to multiple drop tests where the leg fell from a
height of 0.55 m and collided with the ground. For each test we varied the stiffness
and damping coefficients for all of the joints. Results can be seen in Fig. 6. The
simulations use a forward Euler method, with a time step matching a reasonable
control frequency for the motors [24,30]. As expected, setting the stiffness to
large values results in underdamped oscillations and setting the damping to
large values results in an overdamped behavior.

Pelvis Height Hip Torque

(b)
Ankle Torque
P _20f
€ € H
= S
) o1
3 3
g g
o O
[ [
0 1 2 3 4 5 0 1 2 3 4 5
Time (s) Time (s)
(c) (d)

Fig. 6. Simulated leg with joints exhibiting controlled stiffness and damping. A. Pelvis
height during drop tests. B—D. Hip, Knee, and Ankle motor torques during drop tests.
E. Simulated robot leg in Mujoco [35]. In the simulation, each motor rotates, and the
pelvis translates vertically. Three drop tests with varying stiffness and damping: Red
solid line: k = 1, ¢ = 0.001; Blue dashed line: £ = 5, ¢ = 0.001; Black dotted line:
k=1¢c¢=1.

4 Conclusions and Further Work

This paper has outlined the design of a robotic hindlimb similar to that of a
domestic cat. The hindlimb was designed at 1.75 scale of a normal cat. This was
chosen to allow sufficient space to fit the motors while ensuring the increased
joint torques do not exceed their capabilities. The initial simulations of the robot
performing a drop test show that the motor control code is capable of adapting
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its stiffness and damping properties. However, the overdamped system results
in peak ankle torques of around 20 Nm (Fig. 6d, black dotted line), while the
motors peak at 10.4 Nm. Further testing will be done to compare the limits
of the stiffness and damping properties and compare the simulated results to
the physical robot. A preliminary design of a foot with compliant toes has also
been outlined, with the compliant mechanism coming from silicone cast into a
3d printed limb. This will allow the foot to conform to the ground, remaining in
contact with the ground throughout the stance phase.

Our future work with the cat robot shall progress in several stages. Upon
construction of a complete rear of the cat robot, we will begin to validate an
existing neural model of mammalian hindlimb locomotion [8], using data from
our partners at Georgia Tech to ensure that the robotic cat’s motion is true to
that of the cat it is based upon. While validation of the rear of the cat is in
progress, research and design efforts will begin for the front of the cat robot.
The primary design is the floating scapula to which the rest of the forelimb is
anchored. Prior work with cat robots has ignored the floating scapula in favor
of a fixed shoulder joint (with one exception [12]), and thus this is a novel
area of development. As the mechanics of the robot must reasonably emulate
the biomechanics of the cat in order for the robot to be useful in animal-like
experimentation, a workable facsimile of the floating scapula is crucial to our
goals.

In addition to this continuation of prior work, we have several goals specific
to this robot. We aim to explore the impact of various elastic and damping
properties on the motion of our robot, with two intended outcomes. First, we
aim to determine how different combinations of anatomy and nervous system
construction perform. For example, what exactly goes wrong if a robot with the
dynamic properties of a cat tries to move like a praying mantis? Secondly, we
intend to evaluate the usefulness of passive elements in helping a robot achieve
biomimicry in its locomotion. This will aid future roboticists in design decisions,
as it will provide insight into interactions between the neural controller and the
mechanical system it controls.

In the long term, we aim for the cat robot to be able to walk independently of
an external support structure. This will allow us to better replicate prior work in
feline biomechanics, as it will increase the range of possible movements achievable
by our cat robot. For one such planned experiment, a split-belt treadmill is being
built in the lab to capture and verify the ground reaction forces of the robots
being tested. The treadmill will record data for speeds up to 1 m per second,
and will be able to collect limb data for both left and right limbs simultaneously
and independently. Each side of the treadmill will be able to change speed and
direction independently of each other [9], which helps with testing inter-limb
coordination of the cat robot [11], thus allowing us to simultaneously validate
the accuracy of our mechanical design and our controller.
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