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Abstract:  A medical training system using augmented reality, AR is presented in this paper. 

Recognizing an AR marker through a Web camera, computer generated images appear on a real place. 

We prepared 3D (three-dimensional) anatomical objects to show, and evaluated our system using AR 

platform. It was found from the experimental result that our system overlaid the digital information of 

the 3D anatomical objects on the operator’s surrounding real world appropriately, and that feature of 

visible/invisible objects was verified in AR environment platform. 
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I. INTRODUCTION 

 

edical imaging has become absolutely essential to 

offer higher medical services in our society. We 

have been soundly pushing past the limits of technology 

with the advancement of computer technology. Medical 

training systems using virtual realities, VRs [1]-[3], and 

mixed reality, MR [4] have been recently developed. 

Students in medical schools are required to take 

numerous medical trainings in surgery and attain 

medical skills. It is expected that using the computer 

vision technology facilitates improvement in medical 

education.  

We developed a medical training system using 

augmented reality, AR. There are generally two types 

of AR implementations: marker-based AR and 

markerless-based AR [5], [6]. The marker-based AR 

was utilized in our system because markerless-based 

AR system is required larger amount of computational 

power than the former method. We introduce our 

medical training system using AR, including 3D 

anatomical objects and manageable intuitive interface 

in this paper. 

 

II. METHOD 

 

A. System Configuration 

A configuration of a medical training system using 

AR is shown in Fig. 1. The system consists of a 

personal computer (PC), display monitor, head-

mounted display (HMD), and Leap Motion controller 

(Leap Motion, Inc.) and Web camera. As an AR 

development platform to show 3D anatomical objects, 

we utilize Unity software framework (Unity 

Technologies), which is a multi-platform game engine 

and supports 2D and 3D graphics [7]. Leap Motion 

controller composed of two infrared cameras and three 

infrared LEDs [8], [9] senses user’s the hand and finger 

motions, and enables us to interact with pseudo 

physical objects in VR and AR applications. As a 

gestural input, we employed this device. 

 

B. AR Marker and 3D Objects 

An AR marker is some type of 2D code to generate 

and overlay an object in a AR environment. The AR 

marker [10] was used in our experiment, as shown in 

Fig. 2. When we capture it with the Web camera, the 

system recognizes it as the AR marker, and then 

overlays a computer generated contextual layer over the 

real world. AR makes visible digital components into 

our perceived real world in this manner.  

Figs. 3 (a) and (b) show skeleton and heart models 

[11] we used. Fig. 3 (c) illustrates a 3D internal organ 

model to express internal organs [10], such as the lung, 

stomach, liver, large and small intestines in the Unity 

platform. The coordinates of the heart and internal 

organ models were adjusted to reasonable positions in 

the skeleton model. All models were corresponded to 

the AR marker shown in Fig. 2. The instantiate function 

was used to show up these models when the AR marker 

is identified by the system.  
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To switch the 3D anatomical object to be displayed 

in the AR environmental platform, we set some buttons 

and a slide bar on an interface panel as shown in Fig. 4. 

All of three anatomical objects appear on the real world 

by default. When we push “Skeleton,” “Heart,” or 

“Organs” button with virtual hand, the object which is 

allocated to each button disappears. To press the upper 

middle “ALL” button goes back to the default 

configuration (all three objects are displayed all at 

once). The interface panel was fixed to a point over the 

3D anatomical objects. 

 

Fig. 1 Proposed medical training system using AR. 

Web camera is fixed to the HMD (head-mounted 

display) when operating the system. Unity is installed 

on the PC as an AR development platform. 

 

 
Fig. 2  AR marker [10]. 

 

Fig. 5 illustrates a transparently movable plane. 

This movable plane was embedded in our system to 

show internal structure of the body. The plane was 

allocated the plane directly to the coronal (frontal) 

plane, which divides the body into back and front as 

moving the handle up and down shown in Fig. 4. When 

starting the system, the transparent plane is just placed 

in front of the body so that we can totally see the 

anatomical objects we prepared in advance. 

 

 
(a) Skeleton model [11]. 

 

 
(b) Heart model [11]. 

 

(i)

(v)
(iv)

(iii)

(ii)

 
(c) Internal organ model [10]: (i) the lung, (ii) 

stomach, (iii) liver, (iv) large and (v) small 

intestines, respectively. 

Fig. 3  3D anatomical objects. 

 

 
Fig. 4  A slide bar (on the right side) and four buttons 

on interface panel in AR environment [10].  
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Fig. 5 A transparently movable plane which is 

manipulated upward or downward as the slide bar in 

Fig. 4 is changed in position from one point to 

another. 

 

 

III. EXPERIMENT 

 

An experimental setup is illustrated in Fig. 6 (a). 

The Web camera was fixed to the HMD in the 

experiment. Two able-bodied persons (two males, mean 

23.0 years old) participated in the experiment. We 

asked one of them to lay down still on a table in the 

supine position. The AR marker (Fig. 2) whose size 

was 6 cm square was placed on the subject’s abdomen 

as shown in Fig. 6 (b). 

The other experimental subject was then asked to 

mount the HMD on his head, to look around the subject 

lying on the table, and to move his hands over the Leap 

Motion controller to manipulate the buttons and slide 

bar with virtual hands as an operator of the system. The 

Leap Motion controller was just placed in front of the 

operator on the table. We recorded the experimental 

task using a video software. 

 

IV. EXPERIMENTAL RESULT AND 

DISCUSSION 

 

Figs. 7 and 8 show the experimental results which 

were captured from the video data [10]. Fig. 7 (a) 

indicates the overlaid image which is set as the default. 

Fig. 7 (b) shows the experimental result when pushing 

the “Organs” button with the virtual right hand. We can 

observe 3D anatomical objects from every direction as 

well as the interface panel over them and 3D hand 

motions when the Leap Motion controller detects the 

operator’s hand. We can see the anatomical object with 

(Fig. 7 (a)) and without the internal organ model (Figs. 

7 (b) and 7 (c)) respectively. When each button is 

pressed with the virtual hand, clicking sound is 

generated as a sound feedback for user. It was obvious 

from the experimental result that functions of all the 

buttons we set worked appropriately.  

Fig. 8 shows the experimental result when moving 

the transparently movable plane to the dorsal part of the 

body. We can continuously observe internal structure of 

the body from the ventral to dorsal aspect (Figs. 8 (b) 

and 8 (c)), as moving the transparent plane to the dorsal 

part of the body. When the slide bar is touched with the 

virtual hand, a dark gray colored-circle appears and 

encloses the bar as a visual feedback for user.  

 

(a) System setup. 

 

 

(b) When starting the system. This is an image from 

operator’s point of view. 

 

Fig. 6 Experimental setup. 

subject

AR marker

interface panel

 

transparently movable plane
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(a) Overlaid image when presenting all anatomical 

objects. 

 

 
(b) Overlaid image when pushing the “Organs” button. 

 

 
(c) Overlaid image when pushing the “Heart” button 

after Fig. (b). 

Fig. 7 Experimental result [10]. 

 

 
(a) Before using the slide bar. 

 

 
(b) After moving handle of the slide bar down. 

 

 
(c) After moving the handle of the slide bar further 

down. 

Fig. 8 Experimental result when moving the 

transparently movable plane to the dorsal part of the 

body [10]. 
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It is required to bring internal models which have 

more detailed and accurate information to our medical 

training system. DICOM is an international standard 

format to handle in medical imaging and implemented 

in cardiology, radiology, ophthalmology and dentistry 

imaging [12], for example CT, MRI and X-ray. As 

DICOM data are just 2D images of data set, some kind 

of data conversion should be needed to implement them 

as 3D objects in our Unity development platform. It is a 

currently work in progress [13]. If it is possible to carry 

out data conversion effectively, our proposed system 

allows us to directly show 3D anatomical data obtained 

from patients. It will be more helpful for surgeons who 

perform complicated surgical operation to take 

advantage of the system including data which describes 

eminently illustrative of patients’ internal organs. 

 

 

V. CONCLUSION 

 

In this paper, we presented the AR marker-based 

medical training system. It is clear from the 

experimental results that we can observe the 3D 

anatomical object with the interface panel, and that the 

functions of visible/invisible objects are worked in an 

appropriate manner. Further development of the 

medical training system including more precise 

anatomical organs obtained directly from persons 

should be needed for our future work.  
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