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Opportunity
Today, robotic companions are used in many facets of daily life to provide personal

companionship or complete simple tasks. For this project, our group took inspiration from recent
innovations in consumer robotics, such as the Boston Dynamics dog and PARO Therapeutic Robot. We
decided to pursue the design and manufacturing of the Boston Terrier, a small-scale four-legged robot that
could provide companionship and personal assistance to a user.

Strategy
The Boston Terrier replicates a quadrupedal walking gait using four servo-controlled legs, with

each leg having three degrees of freedom. To facilitate forward motion, the robot dog alternates between
stance and swing phases by rotating and lifting its hip and knee joints. The design uses rear facing knees
to maximize push-off action from the ground, resulting in faster and more efficient walking motion.

integrated device leg subsystem

The Boston Terrier receives and follows commands sent to the microcontroller via Bluetooth;
these commands include: walking forward, turning, barking, and stopping. A limitation discovered during
testing is that in order to maintain its balance, the dog must stop and return to a neutral standing position
before transitioning between different moving states, e.g., switching from walking to turning.

An ultrasonic range finder is used to implement obstacle avoidance by commanding the dog to
turn while an object is detected within a certain threshold of the sensor. Although we removed the guard
function from our original proposed strategy, we were able to implement an alert feature that is activated
by an ambient light sensor. This feature will detect if the current room is too dark and play the attached
loudspeaker to alert the user by “barking”. The Boston Terrier can also be made to sit down and get up by
pressing a button, but some additional commands or tricks we initially desired were not implemented due
to being outside the scope of the project.

Specifications
In robotic locomotion applications, the stance phase determines the minimum torque

requirements for a joint motor. This is because it requires more torque to support the body weight against
the ground than it does to swing the leg in the air. The leg during stance is modelled as an inverted planar
triple pendulum of pinned links, with the foot removed and the ankle fixed to the ground. Lagrangian



mechanics are then used to determine the torque exerted at a joint as a differential equation of totalτ
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For a human walking gait cycle, the modelled knee and hip torques are larger than the torques
found experimentally with torque sensors. Specifically, joint torques are overestimated by a factor of 5
due to simplifying assumptions. When applying this model for the actuator specifications of a small-scale
quadrupedal walking robot, estimates were used for the mass of the chassis and legs, assuming the chassis
is supported by at least three legs at all times for stability.

leg linkage model quadruped walking modelled joint torques

The torque requirement for the joint actuators in this project was 0.25 N·m or 2.55 kg·cm
nominal torque. The results of this model were reasonable because: 1) we knew from the bipedal walking
model that the modelled torque was an overestimate, and 2) other hobby roboticists online have
successfully used similarly sized servos in their projects. The datasheets for most servos did not provide
the maximum radial load of the servo; however, we anticipated that no radial load specifications would be
exceeded given that our parts are fabricated to be as light as possible, i.e., 3D printing and laser cut wood.

For this project, we decided to use MG 996R servos. With a torque of 15.2 kg·cm at 6V and a
no-load speed of 0.15s / 60 deg, the component was easily able to meet our torque requirements while
providing fast position control at an attainable source voltage. Servo motors were chosen over stepper
motors and DC motors with encoders to minimize weight and power consumption and simplify hardware
and software.

The other electronic components (ultrasonic range finder, light sensor, pushbutton, loudspeaker,
IMU, microcontroller, servo driver, buck converter, and batteries) were sourced from the MicroKit or
purchased based on the electrical requirements of the servos. The functionality of some of the sensors had
been previously verified through in-class lab assignments.
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Reflection
After looking back on our group’s project and the final result, we have identified several aspects

that we would like to improve if we could do it over again. Firstly, we would create and follow a more
uniform manufacturing process for our assembly of the legs. During testing and the project showcase, it
was apparent that the dog’s operation was negatively impacted by the inconsistent manufacturing, such as
extension rods being installed at varying lengths and certain bearings not being consistently aligned. The
mechanical inconsistency between parts resulted in the legs of the robot being in slightly different
positions despite receiving the same servo commands; it was difficult to reliably calibrate or compensate
for these physical errors in the code. This misalignment did, however, lead our group to discover that ball
joints and tie rods allowed for alignment error between parts without significant problems to overall
functionality. We recommend using ball joint ends when possible for building mechanical linkages.

Another aspect of improvement we would focus on is the reduction of mechanical compliance
throughout the assembly, as such compliance caused more vibration than anticipated. These vibrations
required constant maintenance in order to sustain functionality (applying threadlocker to fasteners). One
solution to reducing vibration would be to preload our bearings as was taught in class. Unfortunately, due
to time, cost, and space constraints, this was an aspect that we had to compromise on. The reliance on 3D
printing for our manufacturing was also another area of compromise. While 3D printing enables rapid
fabrication times, the 3D printed PLA was too soft of a material and gradually deformed over time. This
required us to super glue several ball bearings as their press fits became too loose to hold them in place.
Overall, these compromises were acceptable as we were still able to deliver reasonably consistent
performance for this high fidelity prototype.
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