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Abstract—Many people who wish to become professional
acupuncturists lack practical training in performing actual
acupuncture because of anxiety about deep needlingack of
practical training time, and so on. In order to sole this problem,
we are developing an acupuncture training system ls&d on a
force feedback device, called Acupuncture Trainer ACT). We
added a new automatic camera functionality, in whik the
camera position automatically adjusts to the targetarea of the
force feedback device.As a result, the user can easily practice an
insertion operation at a fixed position, and the cavenience of our
system has improved.
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l. INTRODUCTION

Acupuncture is a treatment method in which spegpifimts
of the body are simulated by piercing or contactinigh
dedicated acupuncture needles. Suppression of $yatiga
nerve activity has been mentioned as the acti@acopuncture

[1-5]. Stiff muscles relax with acupuncture stimulation,

suppression of muscle sympathetic nerve activitynislved in
relieving muscle hypertension, and muscle bloodumea
increases.

The practice of treatment using actual acupunateszles
is indispensable in the training of professionalpamcturists.
In this practical training, after considering sgfetducation,
training h initially carried out using practice gguent, and
then shifts to practical training between studehtewever,
there are many people without sufficient practicaihing time,
and it is difficult for them to become accustomegerforming
acupuncture on a real human body [6].

In order to solve the above problem, we have beer,

developing an acupuncture training system calledp@iocture

Trainer (ACT)(Fig. 1), which makes use of a per$ona

computer and a force feedback device. It is passibpractice
safe and effective training and treatment by ugi@y. ACT
can display a three-dimensional (3D) model of then&in body
with meridian points, and the user can study theidies
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points interactively. The user can pick out a mergoint and
read detailed information on the point. ACT careiattively
change the transparency of skin, muscle and bquating the
display in real time. Through ACT a user can toubk
meridian points by using a haptic device, and is &bperform
acupuncture on the virtual human body on the screen

However, in general, the operational space of thgtit
device is very narrow in comparison with screercepé user
can obtain a reactive force inside the operatigpakte of the
haptic device. Therefore, when a user picks a ragrigoint
outside of the operational space, it becomes diffio perform
accurate insertion. For example, the user has teentbe
selected meridian point to the center of the sceamy time,
which is inconvenient.

Fig. 1 Acupuncture Trainer (ACT)




Fig. 1 Output of polygonal data (ZBrus

In order to improve this procedure, we proposera@ractive

operation mode, in which the camera position chsngeVolume Extractor

automatically by taking into consideration the apienal
space of the haptic device. The user can manipulae
meridian points in the operational space, and thékes it
suitable for performing accurate insertion.

II.  OVERVIEWOFACUPUNCTURETRAINER

A. Development environment

Fig. 3 Specification of meridian poir

Fig. 5 3D model of foot (ZBrush)

(CG) software tools, including Osirix [8], ZBrus®][ and
[10-11]. Volume Extractor is a 3D
visualization system developed at lwate Prefecturaversity.

MRI and CT are different methods with completelifedient
principles of measurement. MRI cannot measure single
time in a wide area of the human body, but it igerguitable
for imaging muscles and organs. On the other h@mdhas the
problem of X-ray exposure. However, the measurertieet is
short, and it is easy to segment bone and skithefhuman
body by using pixel values.

Fig. 2 shows the main screen of OsiriX, which digpl a

Our ACT has been developed for Microsoft Windows. Wesectional view of an MRI of a foot. Fig. 3 showseth

have used a professional haptic device (Touch) f&in
Systems Ltd. in order to perform accurate insertamn
meridian points. For software development, we hasged
Visual C++ 2012, the MFC (Microsoft Foundation Glas
library, OpenGL, and the OpenHaptics toolkit.

B. Modeling a human body with acupuncture points
First, we segmented the skin, muscle, and bonensdrom

approximated three-dimensional data of the humaly bwodel
using a polyhedron from the extracted image regidie
utilized several image processing (IP) and compgtaphics

specification of the position of meridian pointsl38, ST40,
and BL57 in this figure show the meridian pointstlie 3D

MRI image coordinate space. Since the DICOM imagméat

holds the spatial information of the measured slivage,

such as the origin, world coordinates, pixel s@e] so on, we
can specify the precise position for all slice imsgThe
meridian points are represented by spheres. Waisdhe

meridian points interactively by considering musatel bone
Qosition [11]. We display these points and the dian

information on the skin interactively, and then theer can
confirm its position and retrieve additional infaation.



Fig. 6ACT main screen (transparent skin,
display acupuncture information)

Fig. 8 3D model of Torso (translucent skin)

We created three training models for foot, arm, tordo,
and the meridian points were prepared on the sktheofoot,
arm, and torso. Figs. 4 and 5 show the main saé&Brush,
and they display a 3D polygonal model of skin, neisand
bone. ZBrush has many effective operations for m@gela
polygonal model.

Next, we discuss the general purpose functions GT.A
The user can rotate/enlarge/reduce the model tisenghouse.
When the mouse cursor is set to the position ofntieeidian
point, ACT can display the detailed information tfe
meridian point.

Fig. 6 shows the ACT main screen. ACT consists i
display area and a menu. Fig. 7 shows importanpuaatiure
information related to the selected meridian pointthe pop-
up dialog. A user can adjust the transparency efstin and
display acupuncture information effectively. Thewusan learn
about many meridian points and the relationshipveeh the
meridian points and the human body, while studythg
position of the meridian point in three dimensions.

Fig. 7 Display of acupuncture information

Fig. 9 3D model of Torso (opaque skin)

C. Interactive operation of Acupuncture Trainer

Acupuncture operations are performed with the stylu
attached to the Touch. This device has six degreégedom
in translation and rotation. The stylus is utilizeat camera
coordinate movement and for attitude control of ACT

When the needle is in contact with the skin of liienan
body model, pressing button 1 of the stylus swiche
insertion mode. Depending on where the tip of thedfe is
located, the stress will change. Strong resistaniltée felt on
bone, and the needle does not penetrate into horeder to
judge whether the needle has been inserted in topep
position, if the tip part of the acupuncture neadlgery close
to the meridian point, the stinger pattern changegreen;
otherwise, it changes to orange. When the usesgsdsutton 2
of the stylus in insertion mode, the needle remainsthe
screen, and the needle operated by the user cam mgae
freely. In this way, the user can visually confiat of the
results of his/her insertions after all operations.

Fig. 10 describes the needle’s translation, ratatiend

Figs. 8 and 9 show a situation in which acupuncturénsertion due to the user's operation. When the inserts an

training is conducted for the torso model. In tHeTAsystem, it
is possible to change the training model by chandime
polygon model. First, the meridian point is disgdyin red,
and it changes to green after the meridian poistliscted.

acupuncture needle, the user feels different eagist
according to the internal state, such as skin,nfiatscle, bone,
and the insertion angle. In this figurg, yi, and z; are
determined by transforming the coordinates of theof the
stylus into coordinates in the normal space. Algb, is
determined from the rotation matrix obtained frdra totation
angle of the stylus. Although the direction veabmsertion is
determined when insertion has started, it is diffifor humans
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Fig. 10 Needle’s translation, rotation, and insertilue to
user’s operation

to precisely apply force against the device in divection of

the vector. Therefore, ACT allows a certain degfangular

misalignment between the direction vector of iriearaind the
vector that is given by the user. The cone in Bigdpresents
the range of direction of force in which insertisrallowed.

D. Mode display setting

The model display settings are selected in thes@isplay
setting window. Here, it is possible to perform ralbskelection,
display permission/permeability/color settings atle part of
the model, erase an inserted needle, and so on.

By increasing the permeability of the skin, it mspible for
users to easily grasp the positional relationshépvben the
meridian points, bones and muscles. Also, by hidihg
meridian points, it is possible for practice sessidto more
closely mimic actual acupuncture treatment.

Ill.  AuTOMATIC CAMERA MOVEMENT

In acupuncture operations on ACT, when the selecte

acupuncture point on a human body model existsdmtbe
operating space in the haptic coordinate systeenppterations
of touching the acupuncture point become difficaltd it is
impossible to get suitable force feedback. Evera ifouch

operation is possible, it is desirable that thepaogture target
be located as near to the center of the screerossibfe in
order to bring it closer to the operating spaceh@ haptic
coordinate system for an actual insertion operatiororder to
solve this, it is necessary to translate the madethat the
insertion position comes to the front, but the $tation must
be conducted by as simple an operation as possibieat the
user can concentrate on the insertion operation.

In order to realize this, we implemented automesimera
operation in ACT. Using this operation, users cavermodels
easily to suitable positions in the target spacehef force
feedback device. When the user moves the mouserocover
the key point and clicks the left mouse button, thedel
translates from the center coordinates of the targiat to the
origin coordinates. We have set meridian pointsaget points.

This change in camera position
simultaneously in the haptic coordinate systemhaf force
feedback device. Thus, when performing an insejogration,
the user can repeatedly insert needles at almastséme
position. In this way, we believe that the convane of the
system has significantly improved.

Fig. 11 shows an automatic camera operation ofdite
feedback device to target space. When the locatiothe
model is like that shown in the left side of Fig.&len if the
user wishes to insert a needle in the acupunctoirg p the
red circle, the stylus of the device will be unatdeeach that
point. In that case, if the user clicks on the atgture point,
the model translates to the view shown in the rigide of
Fig.11 and the user can conduct an insertion dpardteeping
the stylus near the center of the device.

The expressions shown in Fig.12 describe how tuskate
and rotate the model. The method of calculatioshigwn in
Fig. 13. Expression (a) is a translation matrix,iclhis a
translation from the center coordinate of the taegeipuncture
point to the origin. Expression (b) is a camerarixawhich
describes rotation from the unit vector along thexis to the
normalized vector V, whose extension line passesugh a
point on the normal space computed from coordinafethe
mouse cursor. Expression (c) is an expression dorpating

e rotation angled. Expression (d) is an expression for
computing the rotational axis vector. Expressiags (f), and
(g) are expressions for computing the coordinategctor V.

Fig. 11 Automatic camera operation

is also performed
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Fig. 12 Model translation and rotation

IV. EVALUATION
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stable operation can be performed. In the evalgtio
experienced acupuncturists pointed out that itifcdlt to
pierce the skin accurately because the meridiantgaif our
system (green points) are small.

Pz =

We conducted a simple questionnaire to confirm the

effectiveness of the automatic camera movement @I.A

Participants operated two versions of our systamorie of

them, the automatic camera movement function waks n

implemented (V1.0), and in another it was impleradr(v2.0).
After that, participants answered four questionsualhow the

new version of our system changed compared to tHe o

version.

Most of the participants answered “good” or “veryod”.
On the other hand, no one answered “bad” “very bard"|
don’t know” (See Fig. 14). This demonstrates tHeatifveness
of Ver. 2.0. The operable space of the haptic @eigsmall in
comparison with the displayed screen. Therefore,isit
important to calculate the position of the camenatach

V. CONCLUSION
In this paper, we described ACT, which uses a force

?eedback device for acupuncture treatment. We extptained

(1) 3D modeling of the human body and details of th
placement of acupuncture points, and (2) the autoroamera
operation that we implemented in ACT.

This function makes it easy to pierce the skin wigedles.
Since the active ranges of different force feedt@dmkices are
different and the user may not know the range lebfamd, the
automatic camera operation is particularly valualge use
with the several force feedback devices. The 3Dehodn be
confirmed with respect to the actual meridian pdhatt can be
confirmed at practicing acupuncture needle. Funtioee, we

1 0 0 —center examined the possible educational benefits of AGTaa
TransMat = 8 (1) (1’ —centery () educational tool to improve recognition of acupunetsites.
0 0 0 _Ce’l“erz We also plan to make a 3D model of the entire hubnzay
and implement it in ACT, which should make the deveven
more effective.
CameraMat =
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Fig. 13 Survey comparing Ver. 1 and Ver. 2



A 3D model of the human body was created from human

MRI and CT images using common and inexpensivevsené
such as OsiriX, ZBrush, and Volume Extractor. passible to
inexpensively create real 3D models using our ntktHo

addition to acupuncture training, it can be appliedsarious
other fields. With the automatic camera operatigsgrs can
utilize the force feedback device effectively. Aseault, users
can easily practice the insertion operation atxadfiposition,
and this improves the convenience of our system.

3D printing of anatomical structures related topamcture
points is also an effective approach for educai®ee Figs. 15
and 16). The models in Figs. 15 and 16 were 3Dtgatinsing
an Objet500 Connex 3 (3D systems Ltd). The skifasarwas
transparent, and the bones and streaks were col@gd
hollowing the interior of the model in Fig. 16, weade the
position of the major psoas easier to understandetstanding
the relation between acupuncture points and theahumody is
made easy by observing these 3D printed models.

Furthermore, we are currently making plans to idela
remote education function in ACT in the near futuhée will
also collect and analyze data using ACT, and airfutther
improve our system.
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