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Abstract—Engineering and computer science education at the
high school level is almost exclusively centered around questions
that have documented solutions. Though there are benefits to
pursuing these types of problems, allowing students the oppor-
tunity to tackle open questions without a known solution can aid
in the development of essential skills within academic research,
due to the exploratory nature of these efforts. While students
may find hands-on, discovery-oriented experiences through ex-
tracurricular activities, such as robotics clubs, they are rarely
given the opportunity to apply knowledge in engineering and
science to open problems, as well as larger projects. Contributing
to a modular component of a project with a larger scope
and collaborating within a research group are both skills that
can enhance education within engineering. In this paper, we
demonstrate the application of elementary problem solving and
programming to a larger interdisciplinary project, with a focus on
computer vision and control theory. We document the creation of
a pointwise video annotation software that generates a dataset for
Tracking Any Point (TAP) class of computer vision models. This
software facilitates future research within computer vision and
localization for controls and robotics, offering a more streamlined
approach to data collection.

I. INTRODUCTION

Robotics is a discipline that combines research from many
different fields of study, e.g., mechanics, electronics, and
computer science. Robots typically require robust perception,
components of which must interface together in such a way
that allows the robot to move and act upon required tasks
efficiently. Perception plays a crucial role towards facilitating,
planning, and enabling robotic control, as a system will need to
track the movement of its parts and its environment. Recent
advances in AI have led to robust computer vision models
that facilitate robot perception; however, these models require
sufficient volume of data for training to function effectively.

One such project that requires precision with regards to
localization is MagnetoSuture™, a tetherless surgical system
that relies on the manipulation of currents in electromagnetic
coils to execute [1]. The system combines elements from
robotics, computational and surgical fields to create an inter-
disciplinary project with many parts. With localization-enabled
feedback, an agent can accurately achieve complex patterns

of motion, enabling surgeries that are otherwise difficult to
perform manually and invasively [2].

II. BACKGROUND

Previous versions of MagnetoSuture™ used localization
efforts that relied on a single segmentation mask generated by
a neural network that indicated the placement of the magnetic
agent in the lab environment [3]. However, the accuracy of
localization with this approach is reduced in the case of
multiple agents. Here, we present the usage of an alternative
computer vision algorithm, Tracking Any Point with Per-frame
Initialization and temporal Refinement (TAPIR) [4]. As TAPIR
is based on the tracking of individual points on a video,
training data would need to be collected and adapted to the
required format in order to use the algorithm effectively.

III. PROCESS

A custom made annotator was built using HTML and client-
side JavaScript code, to allow for more straightforward hosting
procedures and to simplify the distribution of labor with the
system. Fig. 1 illustrates the procedure described. Videos and
metadata were collected from user input; the video was then
processed through a series of callbacks and promises, which
sliced the video into a list of pixel arrays, each representing
one frame [5].

Once processed, individual frames can be called and pro-
jected onto the primary HTML canvas object, on which a user
can plot dots corresponding to their object. To streamline the
annotation process, we implement homogeneous transforms to
reconstruct points along the boundary of a rigid object given
two degrees of freedom, or the user’s selected points—–this
would allow us to gain more information about the placement
of the object while requiring no further work on the part of
the user. The homogeneous transforms, outlined in (1) and
(2), take in two points with which the pose of the agent is
calculated.
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Fig. 1. Procedure flowchart: data collection, annotation, and training a point-tracking localization model.

Fig. 2. Point positions per object.
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In (1), θ denotes the angle difference between the agent
in the reference frame A and the image frame B, while d
denotes the translation of the agent’s centroid from the origin
of the reference frame. The centroid and angle of the object
are computed from the selection of two ordered reference
points provided by the user, determined a priori (e.g., the
front and back tip of a needle-like object). The point PB

i

indicates a transformed point PA
i from reference frame A to

image frame B using homogeneous coordinate system. Using
these equations, a nearly-arbitrary number of points can be
generated from just two-user provided points for a known
rigid-body geometry. Fig. 2 illustrates various points generated
on a gripper-like and needle-like tools.

IV. RESULTS

The annotator is used to successfully generate an ample
dataset that is used to train and test the TensorFlow-based
TAPIR computer vision algorithm. The enhancements pro-
vided to the point-based annotator allow for a much faster
annotation rate and for more data to be generated in a smaller
time frame, leading to improved localization accuracy.

The process of developing a functional web-based appli-
cation as a utility enables students to apply more abstract
knowledge of coordinate transformations and programming
to more concrete and complex projects, in order to expand
their understanding of engineering and robotics. Skills gained
throughout this process include the necessary collaboration
and communication skills to interface within a development
team, as well as presentation, as a result of the in-built research
and development experience.

V. FUTURE WORK

The methods used for this project, including the usage of ho-
mogeneous transforms and virtual image representations, can
be used to create a simulation that further allows researchers
to explore possible paths and motions an agent can take in
a viscous medium, such as through blood or tissue. Doing so
will present more opportunities to explore surgical intervention
with magnetic surgical tools.

In addition, the annotator itself can be upgraded to allow
for a much more streamlined annotation experience. As the
lack of a processing server itself is a limitation on the frame
segmentation and computations that could be implemented,
a backend can be added to the presently static web-based
application to allow for these features. Furthermore, adding a
backend could possibly allow multiple users to collaborate on
the same video in real time, benefitting larger research teams.
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