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Abstract
Virtual reality (VR) technology has a great potential in the field of medical simulation due to its immersion, interactivity and autonomy.
It provides a new direction for integration and application in various disciplines. Combination of VR technology and clinical practice
brings great convenience for medical education and experiments. Modern VR simulators can create realistic environments that capture
minute anatomical details with high accuracy and solves the problem of difficulty in mass productions with traditional devices. Taking
gastroscopy simulation system as an example, this paper discusses the development and application of VR animation technology,
together with its excellent performance and current research status in surgery, scientific research, training and education.
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Introduction: VR Animation Simulation
Technology in Medical Applications

Virtual reality (VR) technology originated in the United States
in the 1960s. It has been for now for more than 50 years. In the
twenty-first century, with the development of computer and
other high and new technology, VR technology has made a
major breakthrough [1]. Due to its advantage of immersion,
interactivity and autonomy, VR provides a new direction for
integration and application in various disciplines [2].

Integration of VR simulation in the training curriculum was
shown to be effective in improving trainees’ skills [3]. In the field
of medicine, the application of high simulation devices as a sup-
plement to the traditional medical trainingmode has long been in
the vision of medical educators. In fact, the traditional high sim-
ulation devices is very expensive and unable to be usedwidely in
medical schools [4], It can only be used as a supplement to
clinical practice teaching and the results are unsatisfactory.

Simulation aim to imitate real patients, the anatomic regions,
clinical tasks, and/or mirror the real-life circumstances in which
themedical services are rendered [5]. Simulationwas particularly
useful in better understanding of the complicated spatial relations
of the anatomical landmarks and in examining surgical ap-
proaches [6]. By using VR technology medical simulation oper-
ating system, the shape and movement pattern of the human
organs, and its pathological manifestation can be restored via
computer technology. In terms of equipment, it only needs to
purchase the VR device to run the simulated program, thus sav-
ing a large amount of material and labor costs, shortening the
training period and lowering the training cost. Therefore, combi-
nation of virtual reality technology and medicine will be the new
direction in medical teaching and training in the future [7].

This type ofmedical simulation operating system combines
the main application of surgery and scientific research, teach-
ing and training, with treatment. Among the item in the treat-
ment combined group includes optimization of surgical pro-
cedures, psychotherapy, rehabilitation training, doctor-patient
communication and large data image combination to achieve
precise and accurate medical treatment. Simulators may be
used in surgical training and evaluation of surgical capability
[8]. Studies showed that patients who exposed to preoperative
VR had increased satisfaction during surgical encounter [9].
There is substantial evidence supporting the use of VR simu-
lators in surgical training [10, 11]. VR simulation reduced
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operative time and improved the performance of surgical
trainees [11]. Performance metrics produced by the VR sim-
ulators have been shown to be strongly correlated with the
operating room performance [12, 13]. In this paper we discuss
by taking VR gastroscopy simulation operation system as an
example.

The Idea of Creating Gastrocopy Simulation
Operation System Based on VR Animation
Simulation Technology

Based on VR animation simulation technology, with gastros-
copy simulation operating system as the breakthrough point,
the application of VR technology in the field of digestive
endoscopic treatment is gradually extended.

By applying the hospitals, colleges and universities as
the research subjects and 3D animation modeling as the
basis, combining with the computer and VR program-
ming, and development of the high performance of ex-
ternal devices as the technology orientation, the impor-
tance and difficult point in the integration of VR anima-
tion technology and medical practice is captured, and
further in-depth follow-up studies on the clinical medi-
cine simulation system is carried out.

Both the high simulation devices which have been put into
use and the use of real medical devices faced the problem that
the devices are relatively large and expensive [14], and there is
also a big gap with the clinical scene. The main production
materials such as polyurethane and silicone are used to simu-
late the internal structure of the human body, however, due to
the limitations in materials, storage conditions, production
technology and costs, the texture of the internal walls of the
organs and mucus, etc. are unable to be truly restored.
Therefore, the technical requirements of the new generation
VR medical simulation operating system must be small, easy
to carry and at relatively low cost. At present, all countries in
the world are actively improving the VR hardware devices.
Thus, VR devices are showing a more optimized trend.
Modern VR simulators can create realistic environments that
capture minute anatomical details with high accuracy [15].
VR gastroscopy simulation operating system via three-
dimensional software, MAYA, 3DMAX and other high mod-
ulus and high-definition mapping techniques restores the
whole digestive tract into more realistic pictures and directly
saving the cost of materials required for production with the
traditional simulation devices. At the same time, it also solves
the problem of difficulty in mass productions with traditional
devices. The VR medical simulation operating system,
through physical virtualization, provides an alternative to the
high cost and rare experimental sources for medical education
and experiments.

The Technical Route of Establishing
the Digestive Endoscopic Simulation System

Restoration Design: Real Structure and Dynamic
Simulation of Human Stomach Organs

The purpose of medical simulation devices is to solve the
problems of shortages in experimental resources and that the
medical students or interns are unable to carry out clinical
practice individually. VR simulation operating system on the
basis of traditional simulation devices can better solve this
problem, saving the production costs via combination of hard-
ware devices and software programs. Therefore, the main
problem of restoration that needs to be solved is very different
from the traditional simulation devices. Its key point lies in
tackling the problems in digital reduction technology, that is,
the restoration of patients, apparatus and clinical scene in the
virtual space. In order to ensure the authenticity of the model-
ing and animation, in the early stage of development, the
participants went to the hospital gastroscopy center to undergo
field study and record of the complete surgical process. This is
then combined with the photographs, images, data and other
information provided by the hospital to undergo restoration of
the human body and upper digestive tract.

Considering the fact that the model and animation of the
traditional simulation devices combined with the physical use
of 3D animation is too simple and indeed crude, the details
and true dynamic level of the 3D modeling will be taken into
account in the design of VR gastroscopy simulation operating
system. Due to the unrestricted materials and production tech-
nology, during the virtual reality restoration, deceitness of the
visual system can be achieved and a real experience is provid-
ed from the virtual. The process of human stomach organs
with real dynamic simulation were as follows:

1) Information of the gastric related data, photographs and
images were provided by the endoscopy center of a large
teaching hospital. Related sketches were done by the re-
searchers from the Sichuan Fine Arts Institute.
Restoration of the real structure of human oral cavity,
esophagus, stomach, duodenum, etc. were achieved via
3D animation technology modeling and simulation

2) Drawing of the real maps of the organ wrinkle walls and
mucosal texture to achieve the restoration of human
organs

3) Human organ binding was performed via 3D technology.
This was coupled with 3D animation, and according to
the law of movement of the human organs, restoration of
the real state of motion of the simulated organ was made,
such as restoration of the real situation of gastric
peristalsis

4) The entire process of gastroscopic examination from the
oral cavity to the stomach was produced into a full range
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of interactive animation. Unity 3D is imported to create a
panoramic view, achieving the goal of observing the up-
per digestive tract at 360 degrees without blind angles.

Tracking Design: Walking Virtual Gastroscope

Motion tracking can discriminate between the operators with
different experience levels in upper gastrointestinal endosco-
py. It also can be used to provide feedback regarding posture
and movement during endoscopy [16]. In the virtual reality
technology, the general sense of walking mainly refers to the
characters walking in the virtual scene. For the VR gastrosco-
py simulation operating system, in addition to the user’s posi-
tion and movement of hands, it is also required to locate the
mobility of the gastroscope camera after it enters the oral
cavity and upper digestive tract [17]. Here, in order to ensure
the possible necessities of the operator, the VR simulation
operating system has a dual design. The operator can choose
to have viewing experience during endoscopic surgery, which
is, observation is performed via a monitor by the side after the
gastroscope is placed inside the patient’s body, or to have an
endoscopic view, which is, observation of the internal condi-
tion of the upper digestive tract directly via both eyes. The
following techniques were used to simulate walking:

VR Animation Programming

Various action of the operator was captured via the VR hand-
held device and laser positioning base station. Determination
of various actions was performed via code writing by the
programmers. This was combined with gastric animation to
execute force feedback coding. A relatively appropriate feed-
back method was selected within the force feedback system
supported by the VR devices [18].

Then, the front-end language and panoramic production
software were combined. Code was composed for logic im-
plementation and upon completion, was entered into the VR
scene for logic tests and constantly improving its content.

VR Animation Tracking Technology

The creation of a walking camera was divided into two parts.
First was walking of the operator in the virtual clinical scene.
This part required tracking the operator’s equipment prepara-
tion work prior to the endoscopic surgery. The second part
was simulation of the endoscopic or surgical instruments from
the oral cavity to the stomach via the esophagus, and under-
going 360 degrees to observe the upper digestive tract or
whole surgical process, to realize the real operation experience
of free walking of the virtual gastroscope in the virtual stom-
ach scene.

Overall Design: The Real Clinical Operating
Experience

Whether it is a traditional medical simulation device or a VR
technology simulation device, the ultimate goal is to truly
restore the clinical operating experience. For example, the
design of the traditional digestive endoscopic surgery simula-
tor focuses on the restoration of the internal structure of the
human digestive tract, which is, establishment of a real human
bodymodel via a real force feedback to achieve the experience
similar to the actual surgical procedure [19]. Such a design
concept determines the high cost of traditional simulation de-
vices. If it involves dozens of different cases, the number of
virtual patients will also increased accordingly. The VR sim-
ulation operating system can include the common pathologi-
cal features by establishing a pathology database, in which the
operator can randomly select cases he wants to study or ex-
amine from the database, and this can be repeated without
restrictions of time, place and case [20].

The advantage of the VR simulation system lies in its virtual
operation process which can be operated without limit. VR sim-
ulators were safe, ethical and repeatable [21]. Upon completion
of the restoration design and tracking design, a bridge between
the user and the VR gastroscopy simulation system is needed to
be established. After the following three steps, the VR gastros-
copy simulation operating system would have a prototype.

Immersive Simulation Technology

First, the VR headset device was used to block the user’s vi-
sion. Then, a virtual upper digestive tract was presented where
the user could diagnose the possible diseases in the digestive
tract via observation through the eyes. With the aid of laser
tracking base station, the handheld sensor tracked the user’s
behavior, while the simulated gastroscopy checked the action,
realizing the immersive experience of gastroscopy simulation
operation. Immersive experience could replace the operator’s
physical operation with virtual operation in the VR system,
giving the operator a real visual and auditory perception.

Realistic sense of immersion is a key element in the design
of a VR system [22]. The current VR devices are more likely
to cause discomfort to users at use. This is due to, the interac-
tion between human and virtual environments appears to be
contrary to the state of reality [23]. For non hardware devices,
improvement can be done by in-depth study on the principle
of retinal imaging, that is, distinguishing the nuances between
the left and right eye images, improving the screen effects in
animation production and increase the number of original an-
imation frames, making the picture fine and real with smooth-
er animation effect, so as to achieve the purpose of reducing
the operator’s sense of vertigo. In addition, according to the
solution proposed by Professor Steven K. Feiner from
Columbia University, the visual field of the head can be
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reduced by adjusting the field angle, so that the operator
would have a better experience.

Creating Gastric Pathology Database

Accuraste case data was obtained from the 3AGrade Hospital.
After calculation and verification, via 3D animation and com-
puter programming techniques, a database model which cor-
respond to a variety of gastric diseases (such as esophagitis,
esophageal foreign body, esophageal varices, gastric ulcer,
gastric perforation, gastric cancer, gastric polyps, gastroduo-
denal hemorrhage, etc.) was established.

Interactive Gastroscopy Simulation Technology and External
Device Innovation

Combined with the real gastroscopic operation process, a rich
model database and surgical operation animation was
established. The VR operating system was imported and via
combination of the gyroscope sensor, accelerometer and laser
positioning sensor, the user’s body movements were captured.
The 360 degree mobile headset device sensor tracked the head
action while the infrared tracking sensor tracked the human
position. This combined with the computer real-time reading
of the gastroscopic operation data, rendering the gastroscopic
simulated images, and realistically reproducing the surgical
process via high resolution pixel screen and refresh rate of
90 frames per second [24]. Development of 6 degrees of free-
dom gastroscope handle simulated real touch of the hand dur-
ing gastroscopic surgery, achieving the immersive interaction
between the objects in the user and virtual world.

VR allows realistic interaction with a computer-generated
environment and include additional sensory information such
as haptics for provision of a sense of force feedback to simu-
late touch [25]. The existing haptic simulation feedback tech-
nology can only provide the sensation of Byes^ and Bno^, and
unable to manipulate on strength and other properties [26]. At
the same time, this article will also explore the air vortex
simulation haptic. The size of the airflow vortex can be ad-
justed to quantitatively describe the magnitude and type of the
tactile sensation, which is closer to the real tactile sensation of
the texture. According to the understanding of our group, by
adding the sensation of pressure to the basis of tactile sensa-
tion, a dual simulation feedback system is yet to be developed.
Therefore, adding of the mechanical skeleton to the tactile
feedback system does not only enable the feeling of Bhitting
the object^, but also whether the object is Bhard^ or Bsoft^,
thus existed the sense of pressure of the opponent’s tension,
which can greatly enhance the immersive sense of virtual
experience.

Restoration of gastroscopy examination or surgical process
can be achieved via a series of well-designed VR gastroscopy
simulation operating system, bringing the user a real operating

experience. However, such technology is still yet to be en-
hanced and improved, mainly on the solution for the problem
of the sense of vertigo and force feedback.

Conclusion: Future Prospects

VR gastroscopy simulation operating system is indeed a
very good first attempt. It provides a new research direc-
tion for the combination of VR technology and clinical
medicine. As far as the related research results in main-
land China are concerned, the application of VR technol-
ogy in medical education and experiment does have a
great space of development and important research value.
However, the existing research is carried out on VR
hardware and software separately, and almost all soft-
ware development uses the mainstream VR devices in
the market as the operating platform. However, the cur-
rent virtual reality devices is still unable to restore the
sensory experience of the entire surgical process well
enough. Subsequent development of the VR gastroscopy
simulation system might consider development of com-
bined devices, allowing users to gain real sensory expe-
rience during operation, gradually achieving the target of
perfect real scene restoration in visual, tactile, force feed-
back and other aspects. In addition, the application of
VR technology and medicine combined is not only lim-
ited to the development of gastroscopy simulation oper-
ating system. There is also a great demand in other med-
ical specialties. Taking gastroscopy simulation operating
system as the starting point, large scale development on
the application of VR technology in other fields of med-
icine can be foreseen. Combination of virtual reality
technology and clinical practice will bring great conve-
nience for medical education and experiments.
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