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1. Introduction development process and report the results
of measurements of physical workload during
Angiography systems are generally operated not operation of the new and previous systems.*
only by physicians performing catheter-based * The results were obtained in a laboratory environment with
. . a focus on specific functions and therefore do not guarantee
procedures, but also by multiple medical staff direct applicability to actual clinical practice.
members who assist with system operation and
procedural support. In recent years, however,
clinical environments have increasingly required
reductions in labor shortages, shorter patient
waiting times, lower costs, and improvements in
quality. Consequently, there is a growing demand
for systems that enable rapid examinations and
procedures while reducing the workload of staff
involved in clinical operations.
To address this need, we aimed to realize single-
physician operation by physicians using an
angiography system and implemented a human-
centered design process during the development
of a new system to improve user experience (UX).
As a result, we developed a new system equipped
with a console designed with consideration for ease
of operation for healthcare professionals. Users at
installed sites have commented that “operation has @
become easier,” indicating favorable evaluations dee’)jet;;eymnceegsative Eliiﬁfeﬁi’iive
regarding usability. In addition, measurements of
physical workload during operation were conducted
to obtain quantitative data. proposa

In this paper, we outline the background of the

2. Implementation of UX Improvement and
the Human-Centered Design Process”

2.1 Overview and Objectives

Various approaches to improving UX have been
proposed in academic conferences and seminars. At
Shimadzu, we follow the process shown in Fig. 2. At
the outset of development, we established the objective
of “reviewing the overall workflow of examinations
and procedures and reflecting user-centered
optimal operation in the product requirements,” and
began our activities with user research.
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Fig. 2 Overview of the implementation process

2.2 Concept Development and Acceptance
Evaluation

To review the overall workflow of examinations
and procedures and to clarify the details of users’
negative experiences, we conducted user research,
including observations and interviews, at medical
institutions.

Based on the collected information, we analyzed
user requirements. The results of the current user

Fig. 1 Angiography system
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research and previously accumulated internal
user feedback were comprehensively analyzed to
develop a console concept capable of providing a
positive user experience.

During the “prototyping” phase, the functions,
positions, and shapes of console buttons and levers
were redesigned from the ground up in accordance
with users’ workflows. Specifications were
progressively refined from rough models made of
expanded polystyrene foam and similar materials
(Fig. 3) to virtual models that allowed simulated
operation (Fig. 4), with increasing levels of detail.

In the “acceptance evaluation” phase, physicians
performed simulated operations using console
prototypes at various stages of development to
confirm that the concept had been appropriately
reflected in the specifications.

{ i
Fig. 4 Model enabling virtual operational verification

2.3 Refinement of the Design

Using the various prototypes developed through
UX improvement activities and the results of
acceptance evaluations, the project advanced
to the “building it right” phase shown in Fig. 2.
In this phase, detailed design refinement for
commercialization was performed.

For the touch panel, GUI (graphical user interface)
prototypes were developed to examine screen
transitions and methods for invoking and executing
various functions, thereby narrowing down the
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screen design. For the levers and jog dial, repeated
prototyping was conducted to investigate shapes
that would enable intuitive operation even when
covered with sterile drapes.

Furthermore, during jog dial prototyping, more than
50 prototypes capable of simulated image-scrolling
operations were created to verify whether users
could stop accurately at the intended image.

After completion of the detailed design review,
usability evaluations were conducted by medical
institutions and in-house experts to confirm that
the specifications satisfied user requirements and
were easy to use in practice. The results suggested
that the system fulfilled user requirements without
significant operational problems and provided
generally favorable usability, leading to finalization
of the design specifications (Fig. 5).

~
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Fig. 5 Final console design

3. Measurement of Physical Load

3.1 Definition of Evaluation Tasks and Selection
of Measurement Targets

Although qualitative evaluations such as physician
feedback had been obtained, we also sought to
confirm quantitative effects. Therefore, physical
workload during operation was measured and
compared between the new system, Trinias™ series
with SCORE™ Opera, and the previous system,
Trinias™ series unity edition.

First, the operational conditions associated with
system use and detailed procedures for the
new and previous systems were reviewed, and
operational scenarios (evaluation tasks) were
examined. In the present study, a “case in which a
physician performs coronary angiography alone”
was assumed, and evaluation tasks were created



Comparison of Physical Load During Operation of an Angiography System
~ Toward the Realization of a Stress-Free Operating Environment ~

after confirming the detailed operational procedures
for both systems.

Procedures such as percutaneous coronary intervention
(PCI), in which workflows become complex and
vary depending on patient conditions and physician
technique, were excluded from this study.

During development of the evaluation tasks, the
following three factors were identified as elements
likely to produce differences in physical movement
between angiography systems. Accordingly, motion
measurements were conducted for these items:

1. Lateral movement between operations and
procedures

2. Vertical eye movement between the operator’s
hands and the display

3. Hand movements such as changing lever grips

3.2 Details of the Measurement Method

To measure hand and whole-body movements, the
[ACTRA] motion measurement system (provided
with the cooperation of Softdevice Inc.) was used.
As a hand-motion sensor, the Leap Motion Controller
2, a 3D hand-tracking sensor manufactured by
Ultraleap (UK), was used. In addition, Azure Kinect
DK (manufactured by Microsoft at the time), an all-
in-one compact device equipped with depth and
orientation sensors, a spatial microphone array,
and a video camera, was used as a sensor for
estimating body and eye movements.

The Azure Kinect body-tracking system has the
following three characteristics:

 Estimation of joint positions and orientations
(relative estimates based on the depth sensor
reference frame)

* Position estimation with millimeter-level precision

« Simultaneous tracking of multiple human bodies

In this study, the number of steps was calculated
from the estimated position and movement of the
ankles, while travel distance was calculated from
the estimated position and movement of the waist.
In addition, gaze direction was estimated from head
and neck angles to detect vertical eye movements.
The measurement layout is shown in Fig. 6. To
capture the participant’s whole-body movements,
one Kinect sensor was positioned behind the
participant, and another Kinect sensor was
positioned diagonally in front on the right side to
capture head and neck movements, for a total of
two sensors. In addition, a Leap Motion Controller
2 was installed at the bedside of the angiography
system as a hand-motion sensor.
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Fig. 6 Measurement layout

Angiography system

The participant standing in front of the console
performed the operations according to verbal
instructions for the evaluation tasks provided by the
moderator shown at the lower left.

3.3 Results and Discussion

Table 1 shows the comparison results between
the new and previous systems. The total travel
distance, number of steps, and number of vertical
eye movements during the tasks were all lower for
the new system. Regarding hand-motion sensing,
however, issues arose such as the participant’s hands
leaving the sensing area during task execution and
delays in re-recognition. Therefore, investigation of
more effective measurement methods was identified
as a future issue.

Table 1 Measurement results

Previous New
system system
Total travel distance(m) 247 15.8
Number of steps 80 49
Number of gaze shifts of 1.2 m 26 8
or more in the vertical direction

Fig. 7 shows an example of data visualization
obtained using Kinect (ACTRA motion measurement
system).

While reviewing video recordings of the task
sequence, detailed analysis could be performed
using the graphs displayed at the bottom of the
screen (horizontal axis: time; vertical axis: gaze
height, cumulative step count, cumulative travel
distance), enabling confirmation of when and to
what extent specific movements occurred.

These results objectively demonstrated, in numerical
terms, the improvement in operational usability
(reduction in physical workload) between the
previous and new consoles, which had previously
been assessed only subjectively. Although the
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Fig. 7 Example of data visualization obtained using Kinect
(ACTRA motion measurement system; provided with the
cooperation of Softdevice Inc.)

numerical differences may not be large enough
for operators to perceive differences in physical
workload during a single task, we believe that
repeated execution of similar workflows in
daily practice will lead to accumulation of these
differences and ultimately result in substantial
benefits.

4. Conclusion

As an example of applying a human-centered
design process aimed at improving UX in the
development of an angiography system console,
we introduced the background and activities
of the development process. In addition, by
measuring physical workload during operation of
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the new and previous systems, we were able to
objectively demonstrate, through numerical data,
improvements in operational usability (reduction
in physical workload) that had previously been
evaluated subjectively.

On the other hand, physicians in clinical settings
also commented that “although reducing workload
is important, there are many situations in clinical
practice where large movements cannot be
performed because joints and other body parts
are already under strain (which may appear as low
levels of movement or small nhumbers of actions),
and the accumulation of such strain may eventually
have adverse effects on the body.” Therefore,
we believe that it is important to conduct detailed
investigations and analyses of the situations
and factors that generate physical workload and
to select appropriate measurement targets and
methods accordingly.

Based on these considerations, we intend to continue
increasing the number of development cases in
which human-centered design processes aimed at
improving UX are applied to our medical devices
and other products, deepen our understanding of
physical workload and related factors, continue
implementing objective evaluations, and thereby
realize the development of even better products.
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