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ABSTRACT

Augmented Reality (AR) is becoming a more common addition to physicians’ repertoire for aiding in resident training
and patient interactions. However, the use of augmented reality in clinical settings is still beset with many complications,
including the lack of physician control over the systems, set modes of interactions within the system, and physician’s lack
of familiarity with such AR systems. In this paper, we plan to expand on our previous prostate biopsy AR system by adding
in improved user interface systems within the virtual world in order to allow the user to more accurately visualize only
parts of the system which they consider to be useful at that time. To accomplish this, we have incorporated three-
dimensional virtual sliders built from the ground up, using Unity to afford control over each model’s RGB values, as well
as their transparency. This means that the user would be able to fully edit the color, and transparency of each individual
model in real time as they see fit quickly and easily while still being immersed in the augmented space. This would allow
users to view internal holograms while not sacrificing the capability to view the external structure. Such leeway could be
invaluable when visualizing a tumor within a prostate and would provide the physician with the capability to view as much
or as little of the surrounded virtual models as desired, while providing the option to reinstate the surrounding models at
will. The AR system can provide a new approach for potential uses in image-guided interventions including targeted
biopsy of the prostate.

Keywords: Augmented reality (AR), virtual reality (VR), prostate biopsy, user interface, image-guided intervention,
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1. INTRODUCTION

The use of augmented reality (AR) in clinical or surgical applications is on the rise [1]. AR projects virtual objects over
the real-world surroundings, done either through a headset or projected onto a screen. An AR system provides physicians
additional information both during and before the procedures. However, AR systems often have relatively limited
physician control, oftentimes due to the nature of integrating AR technology with currently used systems [2]. Differences
in user interfaces (Ul) have been shown to have a greater impact on task completion than headset type [3,4]. This
demonstrates the need for more effective and advanced Ul systems. In this project, we attempt to expand on our previous
AR systems by adding a layer of customizability to the physician, providing them with the ability to view 3D models
through a HoloLens 2 headset, whilst allowing them to make modifications to these 3D models in real time. Currently,
this is limited to altering the transparency or color for each individual model, but even so, its uses are manyfold. It could
be used to observe internal models or structures within another 3D model, or to change colors of the models to more
accurately represent the models themselves, or as an aide to physicians unable to see certain colors. In this study, we will
explore the use of the system and its capabilities in terms of both pre and post operational circumstances as well as some
drawbacks and limitations of the system. In our previous paper, we demonstrated the feasibility and capability of an AR
visualization system and its potential uses in prostate biopsies [7]. However, we acknowledged that the system was unable

Medical Imaging 2023: Image-Guided Procedures, Robotic Interventions, and Modeling, edited by
Cristian A. Linte, Jeffrey H. Siewerdsen, Proc. of SPIE Vol. 12466, 124661T
© 2023 SPIE - 1605-7422 - doi: 10.1117/12.2653952

Proc. of SPIE Vol. 12466 124661T-1



to modify itself satisfactorily to the individualized desires of the physicians in real time. This is a critical aspect of any
system to increase physician and patient comfort and therefore increase adoption of the system [8].

2. METHODS

To build on our previous work, we added in certain user interface and visualization aiding elements to help the physicians
more properly tailor its use to their specific needs within the scope of prostate biopsy procedures. To summarize our
previous findings, we maintain an AR system which uses preoperative computed topography (CT) or magnetic resonance
imaging (MRI), followed by manual segmentations using 3D Slicer of all relevant models such as the skin, bladder, pelvis,
and, most importantly, prostate. We then import these models into the Unity Software, where we are able to modify their
behaviors using C# scripts and allow for their registration to real world fiducial markers using the Vuforia system. We
then use Visual Studio to deploy the AR application to our headset of choice, hamely the Microsoft HoloLens 2 system

[9].

Figure 1: A demonstration involving a mannequin of how our AR system could be used to visualize internal organs within a patient.
This also demonstrates how other virtual models can occlude internal models as there is a prostate model underneath the pelvis model.

A known issue with AR systems is their lack of flexibility. They are generally built for a certain, specific task, with little
regard for further uses the physicians could determine for the system [9]. As the user is lack of software design background,
it becomes difficult or impossible for them to edit the system in any way, prompting the need for a robust Ul with multiple
options for the physicians to have more freedom in the use of the system. To this end, we have increased the physician
control in our current AR visualization system by the use of virtual dedicated sliders able to alter the color, transparency
and scale of each visualized model within a virtual world. We have also been able to remove the default spatial mapping
quality of the HoloLens 2 in order to preserve the headset’s processing power, as well as to improve the visibility of the
scene through the headset.

Generally, Ul elements in virtual space are not well supported by Unity or the HoloLens 2, leading to our decision to build
our own interaction methods from the ground up using Unity tools and scripts. We succeeded in building these sliders to
control the RBG and transparency values in an easy to use, real-time and intuitive method. The user simply must reach
their finger into the slider, pinch and move their hand up and down, similar to how real-world sliders function.

Additionally, we were able to edit certain scripts contained in the AR Software Development Kit (SDK) used to remove

spatial mapping from the scene. This resulted in a substantially clearer and more readable scene for the headset user, and
also allowed for the models to be placed inside of real-world objects. Previously, the spatial mapping would cover
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stationary objects such as phantoms or mannequins, resulting in loss of vision of any models placed inside. However, with
the spatial mapping decoupled from the system back in the Unity stage, we not only regain this option, but we also are
able to save substantial processing power, allowing for the headset to focus on more pressing computational tasks.

3. RESULTS

To use the 3D sliders, we manually built the sliders within Unity using a few GameObjects and multiple C# scripts. This
gave us full customizability and freedom to use them with our current AR system. These sliders are then attached to the
RGB values of the model, allowing each slider to edit the red, green, or blue values of the model it’s attached to, allowing
for an extremely varied set of options for the user to select a color for each model. Additionally, we added another fourth
slider to modify the transparency of the system. Turning this slider down to the lowest setting will turn the object fully
transparent, allowing the user to see through the model, either to see something in the real world, or to observe another
model underneath the external one. This can be very useful for procedures, such as prostate biopsies where the prostate
can be underneath various organs such as the rectum, bladder or skin where the physician needs to be able to see through
these other models at will in order to best visualize all significant parts in real time. Each model is manipulatable, as the
user is free to use their hands to move and scale the holograms as they see fit while still having additional control over
them through the slider’s usage.

— |

Figure 2: A. An example of a scene in a cluttered area without spatial mapping operational. B. A similar scene in the same cluttered
environment with spatial mapping turned on.
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Figure 3: A. An example of the use of RGB sliders, showing the original skin model color. B. A shot showing the changed color of
the outer skin model, accomplished by the use of RGB sliders.

We are also able to utilize a functionality of the HoloLens SDK to allow physicians to control the sliders from afar. In
general, whenever employing a HoloLens 2 system, it is expected to physically move to the location of the model and then
place the finger within the location of the slider and pinch in order to be able to move the slider. However, the HoloLens
is able to trace where a finger is pointing using a ray, cast from the pointer finger of the user in order to allow for distant
interaction. This can be very helpful for a physician who is unable to move from the side of a patient, but still wishes to
interact with distant sliders, or other Ul elements.
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Table 4: Representation showing the average time (n = 8) it takes a user to interact with a virtual slider to adjust RBG or transparency
values at different distances.

4. DISCUSSION

While our system shows great promise in increasing physician freedom during manyfold clinical environments, there are
still factors which merit additional discussion. Although the removal of the default spatial mapping system was able to
provide us with increased processing power compared to the previous one, the HoloLens 2 still struggles with providing
stably high frames per second, forcing us to use lower resolution models than we would prefer.
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Figure 5: An example of one of the features we have implemented which allows for control of the sliders from afar using a ray cast
from the pointer fingers.

As figure 4 shows, when utilizing the ray cast from the finger to interact with the sliders, it must be noted that the HoloLens

often has a difficulty in following the cast from the finger for prolonged distances, this is especially noticeable when the
target gets further away and the target size decreases, making it more necessary for the ray which is cast to closely follow

Proc. of SPIE Vol. 12466 124661T-4



the trajectory of the pointer finger. However, in many cases, the trajectory does not follow the finger perfectly and over
longer distances, requires significant correction from the user.

To determine whether or not it is feasible to use these ray cast during a time sensitive operation, we ran an experiment,
where a user was placed at 0, 1, 5, 10, and 15 feet away from a virtual slider and was then asked to change the slider value.
The time until this was completed was recorded (n = 8), and the average time was plotted. Interestingly enough, the time
it took for the user was relatively linearly proportional to the increase in distance increments. However, as the distances
approached 10 feet, we observed that the time to change a single slider could reach 5 seconds, showing us that
improvements must be done on the ray cast system to make it more useful in an environment with spread out sliders
throughout a large room.

Additionally, there is still the problem of registration. In this paper, we used a fiducial-based registration system and the
Vuforia software. This is among the simplest and most stable methods to implement for the HoloLens 2 [6]. This has the
drawback of requiring a real-world fiducial to anchor the models into the correct location in the real-world space [9-11].
The generally results in a lengthy calibration period, where the real-world models and their software counterparts must be
revised iteratively, until the locations are satisfactory. We also have a field of view limitation from the hardware itself.
While the HoloLens 2 sports an industry leading field of view, it is still narrow by human standards, and without prior
knowledge of the relative locations of the models in the real world, it can take an untrained user some time to understand
at which points the models will be outside of the headsets’ field of view.

5. CONCLUSION

In conclusion, we have developed an augmented reality system that includes important features for physicians to control
what they choose to view within an AR scene. The use of sliders to provide that freedom is a simple and effective method
which could be taught very easily to physicians while greatly increasing their autonomy whilst using the system. The
optional removal of the spatial mapping would also simply serve to declutter their view when using the HoloLens 2. The
AR system can have many applications in image-guided interventions [12-13]

In the future, we plan on updating this system to add on several functionalities, such as turning off the ray cast option, as
well as adding in a canvas, where we could apply a dropdown menu, where we can pull up specific sliders, while hiding
the rest, in order to minimize the virtual clutter which can form when too many sub-models are available to have their
RGB and transparency values altered. This dropdown and associated sliders would also be editable by the ray cast, allowing
for additional user usability of the system.

Additional further work will provide more freedom for the physician in visualizing the models, while reducing the number
of sliders used, since the use of four sliders per model can become overbearing when dealing with many models. We would
need four separate models in that we have one each for red, blue, and green values and one for the transparency. These are
linked values to each model, therefore, having 4 sliders per model is required and easily begins to clutter the virtual
workspace. We also plan on shifting away from fiducial markers, potentially using external cameras in combination with
optical trackers to provide more stable and robust tracking, even when the HoloLens 2 cameras cannot see the markers.
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