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Developing An Acupressure Point-detecting Robot Using Lego NXT Mindvtorms 2.0

Ame M.L.T. and Fenis 1L.M.
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kram sahoo.com, ivan816@yahoo.com.ph

ABSTRACT

Acupressure is & type of massage (an ancient fiealing arc) that uses the fingers @ press
key points on the surface of the skin to stimulate the body's natural self-curative abilities.
Pressure points are sensitive arcas of the body where pressure can be applied fo cause certain
effects or sensations. With rapid advancement of industrial society comes cutthroat competition
Rt Seads Go shress, usually accompanicd dy dody pains such as headaches. On the forehewd, four
pressure points are massaged to counter headaches; they are located between the eyebrows, on
tie temples end on the intersection of the hairdine and the line that symmetrically divides the face
into two. However, difficulties arise in performing acupressure such as the availability of the
nussseury wnd O fovel of comfort the massaper gives to the efient. These Ainder the cffteGvencss
and readiness of the massage. This study introduces robots as the solutions to these issues, with
the ohjectives of constructing and programming the robot capable of locating the four peessure
points against headache. Six prototypes were developed in the process. The final design uses a
light sensor, & brick (the brain}, threc motors and deams and it was programmed usiing the Loy
NXT Mindstorms Programming Software, all of which were provided by the Lego NXT
Mindstorms 2.0 kit.

Keywords' acupressure massage, headache, fego nxt mindstorms 2.0, massage robo(, pressure poings on
forehead
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CHAFPTER ]
BACKGROUND OF THE STUDY

A. Introduction

Massage is 8 "hands on” treatment in which a therepist manipulaies muscies end other
sofl tissues of the body 10 improve health and well being. Varieties of massage range from gentle
stroking and kncading of muscles and other soft tissues 10 decper manual techniques. Massage
has been practiced as a healing therapy for centuries in nearly every culture around the world. it
helps relicve muscle tension, reduce stress, and evoke feclings of calmness. Although massage
affects the body as a whole, it particularly influences the activity of the musculoskeletal,
circulatory, lymphatic, and nervous systems (University of Maryland Medical Center).

Acupressure is a type of massage (an ancient healing art) that uses the fingers to press
Loy points on the surfboe of the skin 10 simulate e body’s natural self-curative sbilitics. When
these points are pressed, they release muscular tension and promote the circulation of blood and
the body's life fore W sid healing. Acupressuce uscs the geatle but firm pressuce of haads.
All acupressure massage technigues, methods and styles use the same ancient acupressure trigget
points. They very in wsing different rhytuns snd pressures for stimulating the scupressurs points,
using not only the fingers, but also the hands, armas, legs and even feet (Acupressurc.com).

Prossure poinls e scnsitive arcas of the body where pressure can be applied W causc
cerain effects or scasations. Pruperly spplying pressure o these spots can cause plewsure, relicf
of pain, relicl of stress o healing, 86 in scupunciure and reflexology, Thewe point alio can i
used 1o case pain, injury or incapacitation {n certain forms of martial arts and other types of
combat. In modern medicine, pressure points are defined as arcas of the body that have high
ncrve density, The concentration of nerves in one area of the body results in hypersensitivity in
that srca. (Wiscgeeh com)

A obat (s @ mechanical or virtual intelligent agent that can perfomm tasks austomatically
of with guldance, typically by semote control. In practice, & robot ls usually aa clectro-
mechanical machine that is guided by computer and clectronic programming (Wikipedia).

Massage robots sre 0boG et are designed and programmed @ perform massdge. Oue
cristing model {s o mult-fiagered wbot hand (Kenhiko end others 2009) that uses complen,



programming fimctions and sensors that enable it to effectively massage the client and adapt to
changes in his’her position. The robot is only focused on performing massage at the back of the
client’s body,

Another massage robot that is based on the human arm is WAO-1" (Waseda Asahi Oral
Rehabifitation Robot 1) which is designed to treat jaw and facial disorders (Pinktentacie.com),

Another existing model is the wheeled-robot named WheeMe (Wheeme Dreambots). It
consists of four spiked-wheels that give bodily pleasure as it travels across the body. The robot
also uses tilt sensor technology to prevent it from falling and to achieve a continuous massage
session. However, it can only perform effectively at the back of the body, the abdomen and the
chest.

B. Statement of the Problem

The purpose of this study is to develop a robot capable of locating acupressure points on
the forehead using Lego NXT Mindstorms Kit 2.0.

C. Objectives

General Objective:

To develop & robot capable of locating the acupressure points on the forchead using Lego
NXT Mindstorms Kit 2.0

Specific Objectives:

1. To construct a robot suitable for locating the acupressure points on the forehead using
Lego NXT Mindstorms Kit 2.0

2. To program the robot (o locate the acupressure points on the forehead using Lego NXT
Mindstorms 2.0 Programming Software.



D. Sigmificance of the Stwdy

With rapid advancement of industrial society comes cutthroat competition. This leads to
mmmjobmm“hichmtﬁmabtofmemalconccnmﬁonmbminsmmingmdin
effect long-sicting hours. Physical activities (such as exercise} are curtailed which eventually fead
mmbbodmdbmhdwulaﬁmﬂisinﬁmmsesmmculoﬁz!eﬁ!paimmﬂsﬂessm
vanious parts of the body.

One way to lessen the stress while keeping up with work is through acupressure massage
{Acupressure.com). K is effective in helping refieve headaches, eyestrain, sinus prodlems, neck
mmmmmmkmmmmmmmmnm@smmnxmw
asaum'wmmwmmmmmm.mmtmhefm%m
wcreases circulation, reduces tension, and enables the body to relax deeply. By relieving stress,
aupressure strengthens resistance (o disease and promotes weltness (Herbalshop.com).

In the forehead there are a {ot of acupressure points, each point represents the effects of
seess. Most prominent points refer 10 headaches. As described above, due to phivsical steess,
mental fatigue, and things that need mental concentrations our body's response is headache and
some are sinus peodlems. We chose the megion of the forehead decause (s is e mos
vulnerable area of the “ache syndrome™ (Fenis). Working on the principle of acupressure, our
robot will help reduce headache problems.

There are advantages in using robots to perform massage. They are portable, They can be
used anytime and anywhere al one’s convenlence. They eliminae e hassle of flading a
massage parlour, hiring a human massager and prevent the uneasiness of massager-client

relationship.

The beneficiaries of this study are people of all walks of life, nine to ninety years old.
This is most suitable for executives and other white-collar job workers whose career requires so

much mental activities. This is also of help to the night shift workers who experience headache
due to lack of sleep. This can as well be used If the person feels like having a forehead massage.



This study focuses on locating the acupressure points on the forehead, Two kits of NXT
MindstonnsZ.OaxeusedtoconstmctthemboLItispmgmnmedwithonlyonealgmithm.'i‘h:

robat is only adjustable 1o a fimited size of the forehead. X is equipped with a total of six
Energizer dry cell batteries.

F. Definttion of Terms

Robet refers w0 a mechanical device or machine performing specific kinds of tasks
(Wikipedia).
In this study the term robot refers to the massage robat.

Massage is & kind of Greatment which is usually performed by humans in onder © nefease
stress or improve the well being of their clients.

Ia this study the kind of massage that Will be petforined is acupressure usiag the massage
robot.

Acupressure is a (ype of massage which Uses e pressise (o press (e suefice of skin ©
stimulate the body’s natural healing abilities (Acupressure.com).
1a this study acupressure mcans the same,

“Degrees of Freedom” (DoF) eefers © dhe freedom of movement of w rgid dody i dewe-
dimensional space (Wikipedia).
Ia this study it means the same.



Fiwe!;ﬂxﬂegmdhmm;\dh)

Brick is 2 rectangular block of something (Encarta Dictionaries),
In this study the term refers to the rectangular block that acts as the brain of the robot.

hhrkisamodc!orvatict}'.e.g.ofaw.aimﬁ,ormpon,usuaﬂydisﬁnguishedfmm
earlier or lzter models by a number (Encarta Dictionaries).
[ this study mark means the same.



CHAPTER 2
REVIEW OF RELATED LITERATURE

This chapier comprises the following topics: pressure points on the face, pressing of
reducing points, acupressure techniques and measurement, acupressure massage on forehead,
crrors, considerations and precautions in acupressure and other massage robots,

A. Pressure Points on the Face

Figure 2. Pressure Points on the Face (Rajan Jolly)



B. Pressmg and reducing points

There are two ways that acupressure points are manipulated: pressing (reinforcing) and
reducing them. To press points, use something blunt. Usually the fingers are used to press, but
for many points the fingers may be a bit wo thick, so press quite fong and fiemly. Ideal would be
something 3 to 4 mm thick, like a (preferably used) pencil eraser that's on the other side of a
pencil. Some points can be pressed using a fingernail (Eclectic Exrgics).

Pressing points for less than half a second can already have a distinguishable effect. So
for just trying owt a point, press it only briefly, To gt a full ¢ffect however, pressure should be
applied for at least half a minute, but preferably longer, One to two minutes should do (Eclectic
Facrgics).

To reduce a point, turm a finger over it In counter-clockwise direction, also for one t two
minuten, J('s a good idea not o get into the habit of doing the same points every day, (Felectic
Encrgies).

Reinforcing s simply prossing & poimt, Energy fncrcases in wrens that the point
influcnces. Reducing a polat is actually not the apposite of eetaforcing tt. Reductng can cemove
Blwhage of encrgy. A blockage may be feolt a5 tension, pain or heat, Fnergy sceumulates thern
which stiarts moving agiin sfter removing the blockage. Reducing o point after reinforcing it will
sewove the energy blockuge; it doesn't cancet euch other (Falectic Energies),

la acupeessure, ceduciag a polat can be doas by coatinunusly moving the Rogee couatee

eloebwisg. An acupanctrist will tur bis needls immediately after isertion (Folectic Fnenglon),
C, Acupressure Technlgues
Several Liffeent binds of acupressuns o currendly prastived, bt e sank s

trigger polnts are used {n all of them. Varying rhythms, pressures, and wehnlques create different

styles of acupressure (ACupressure.com),



C.). Shiatsn

Shiatsu is @ physical therapy that supports and strengthens the body’s natural ability to
heal and balance itsclf. It works on the whole person - not just a physical body, but also a
peychological, emotional and spiritual being, Shiatsu originated in Japan from traditional
Chinese medicine, with influences from more recent Westem theraples. Although shlatsu means
“finger pressure” in Japancse, in practice a practitioner uses touch, comfortable pressure and
manipulative techniques to adjust the body’s physical structure and balance its energy flow. It Is
& Jocply relaxing experience and regular treatments can alfeviate stress and illncss and maintain
health and wellbeing.

Today, Shiatsu has @ number of different styles, philosophical approaches and theorctical
bases and practitioners around the world are still evolving new approaches to treatment. Some
concentrale on scupressurs (acupuncturs) points, while others emphasise more genersl wark g
the body or along the pathways of energy (0 Influence the Ki that flows In them (Shiatsu
Sacicty).

C.2. 2ia Shin Jyutes

Jin éhin Jywisu is @ disarmingly eimple style of acupressure, It works with & st of 26
points (called Safety Energy Locks or SELs) along energy pathways, When a pathway becomes
blocked, encrgy stagnates. This initislly affects the local arca of stagnation, but has the powntial
w create imbalance along the entire pathway, The 26 Encrgy Locks are the locations on the body
where encrgy tends 10 become stuck, (Acupressurists and scupuncturists, by comparison, lcam
over 300 points.)

Practitioner uses both hands (referred o as "jumper ¢ables”) o hold 4 combination of
SELs. The slmplicity and gentleness of the process allow clieats (o relax and recelve the work.
As the SFLs relcase and balunce is restored, the cliemt experiences physical, mental, und gpiritual
harmony.

The belief that we can help ourseives through a process of knowing ourselves is inwegral
W Sin Shin Jyotsu. Al its hean, the work embudies a life of simplicity, calmness, patience, and
wll-comainment. Practitioners of the work regard Jin Shin Jyutsu not simply ws o style of



bodywork, but a5 s philosophy of life. Ultimmtely it is the philosophy and spirit of the work, not
the technique that attracts clients and practitioners to Jin Shin Jyutsu (BalanceFlow Health &

Bodyworks).
C.3. Tui Na

To those who have experienced both acupressure and Shiatsu, a Tui Na session may seem
like @ cross between the two. Like Shiatsu, Tul Na uses thythmic compression along energy
channcls of the body, as well as a variety of techniques that manipulate and Iubricate the joints,
Like acupressure, Tui Na directly affects the flow of energy by holding and pressing the body at
GCUPFESSUre poimts.

To a Westerner, Tui Na is the form of Aslan bodywork most closely resembling
conventional western massage. Many of the techniques are similar — gliding (known as
effleurage or Tui), kneading (petrissage or Nie), percussion (tapotement or Da), friction, pulling,
rotation, rocking, vibration, and shaking. Despite the similaritics, the intent of Tui Na is more
specifically therapeutic than the simple relaxation of a Swedish-style massage. One of Tul Na's
advantages over simple massage is its ability to focus on specific problems, especially chronic
puin associsted with the muscles, joints, and skeletal system. It's especially effective for Joint
pain (such as arthritis), sciatica, muscle spasms, and pain in the back, neck, and shoulders. It also
helps chronic conditions such as insomaia, constipation, headaches (including migratnes), and
the tension associated with stress,

Tl No doses et sigsply segd 1 the mnscles, bones, and joints It works with the encrgy
of the body at a deeper level, As the practitioner senses the clicnt’s body with hee hands, she is
@ble to assess the distribution of cocrgy and affect its Row,

Tui Na is designed o prevent probloms, not just comvet them, By Reoping the badys
mergy in balance, bealth s maintained. This is troe not just for physical bealth, bot fir mental
wid cmotional well-ticing as well (BalanceFlow Health & Bady works).
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D. Unit of Measare in Acapressare

The definition of cun is essential to be able to use information from other sources for
locating points. The "cun” is the standard unit of measurement for the body used in acupressure.
As everyone's body fas differcsk dimensions, it is defined acconding 0 the pemon whow ddy s
to be treated.

Onc cun cquals the width of the thumd, in the middlk, at the crcase. Thiee cun s
equivalent to the combined breadth of the 4 fingers, at the level of the pinky finger's first joint
ahove Uk palim of e Band. 12 cun is e Jistance fom ik <Bow IRaR © e wiist emvase
(Eclectic Energies).

E. Performing Acupressure on Forchead

Tie massags involves e use of two fingers from two Fferent fands and e mptition
of strokes in the different layers of the forehead. The first layer represents the path from the
pressure point in the center of the cycbrows, then tracing the eycbrows up W the wapkes Tiw
second layer begins from the center of the forchead but one cun above the point where the first
fayer Bogan, dicn Gucing the shin above the eyedrows up © tha wrphs, The rmainiayg My
also follow the description of the two first layers, but the point of beginning and the path to de
massaged is located above the previous layer. The kR finger will massage the forchead from U
center to the right temple of the client while the right finger will massage the forehead from the
center o the et wmple of de clizat.

The stroke is performed by applying pressure on the layer then giving a rotary massage
on the temples (Austria).

F. Errors ln Acupressure
When the effects do not occur from pressing, several things may be the case.

The pressing might not be on the right spot (acupuncture points are about 0.5 mm
diameter). Try different spoks around the location.
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If the effect becomes very little or unnoticeable, it means that the point is used quite often
(Eclectic Energies).

G. Conslderations and Precautions In Acupressure

According to Acupressure.com, the polnts to be consldered in acupressure are:

s Apply fimger pressure in a slow, rhythmic manner 1o enable the layers of tissoe md the
internal organs 10 respond. Never press any area in an abrupt, forceful, or jarring way.

s Burns & Infections: Do not work directly on 4 serfous burn, an ulcerous condition, or an
infection: for these conditions, medical care alone is indicated.

s Scars and Injurles: Do not work dircctly on a recemtly formed scar, During the lirst
month after an injury or operation, do not apply pressure directly on the affected site.
However, gentle continuous holding a few inches away from the periphery of the infury
will stimulate the area and help it heal.

s Aler an acupressure sesslon, the body heat Is owered; thus the resistance o cold is
also lower. Because the tensions have been released, the body's vital energies are
concentrating inward to maximize healing. The body will be more vulierable, 50 be sure
to wear extra clothing and keep warm when an acupressure routing had finished.

11, Other Massage Robots

There are various existing designs of massage mbots. They are based on how they
perform the massage or what part of the body s being massaged.

WheeMe Is a palm-sized robot that gemtly massages and carcsscs as it moves slowly
across the body. Embodying a unique tilt sensor technology, WheeMe automatically and silently
weers itsell over the body without falling off or tosing lts grip. As It moves, WheeMes patented
fingerettes gently stroke and caress providing a delightful sense of bodily pleasure. WheeMe
docsn't require any adjustments or the assistance of another individual {Wheeme Dreambots).
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Figure 3. WheeMe robof (Dreambots)

WAO-1" (Waseda Asali Oral Rehabilnation Robot 1), 15 o robot designed io tremt jaw
and facial disorders by using therapeutic massage, It is equipped with two arms bound to a chair
sized aluminium box. It performs massage by applying pressure on the patient’s face. The
direction, angle and pressure applied are controlled by complex systems of software and fuses. It
is also equipped with a torque limiter function which allows the robot's arms to bead back in
order to limit the exertion of force. The kind of control technology used can be also found in

other humanoid robots (Pinktentacle.com).
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Figure 4. WAQ-1 robot (Pink Tentacle)

An article has presented a model of human skin muscle by using multi-fingered robot
hand to know impedance of human skin muscle and control strategy by means of impedance
control to implement adaptive control sysiem, even {f human condition [s changed, or massage
position is shified, and person to be massaged is different (Kazuhiko and others 2003).
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Figure 5. Multi-fingered robot (Terashinis and others 2006)



CHAFPTER 3
METHODOLOGY

A. Overview of (he Study

The objective of this study is to develop an acupressure point-detecting robot using the
Lego NXT Mindstorms Kit 2.0.

The construction and programming of the robot were conducted in Philippine Sclence
High School Western Visayas Campus in the years 2012 and 2013.

B. Design of the Robot
& — $6i76 moter
& — touch sensor
— light sensor
@ — NXT brick
c

Figure 6. Framework of prototype design

The prototype is based on a crane-like system, consisting of a base for support, motors
for movement and sensors for locating pressure points.
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B.l. Materiab

The materials used are provided by the Lego NXT Mindstorms Kit 2.0.

¢- el
* g
Servo Motor NXT Brick Connector Cables

Figure 7. Materials of Lego NXT Minstorms Kit 2.0 (Lego)
B.2. Assembly of Parts
Bascd on the design, parts of the robol are constructed and assembled using selected

materials of the kit that do not hinder its performance. Factors to be considered are the weight of
the materials, the structure of the materials and the simplicity of the design,

C. Program of Robat

The robot follows the procedure as shown in Figue 8.



robot initial
position

" ey =

identifies right
em

ool Yo

_—

focates the
Pressure point

ganuns e lan
eyaebrow

41—

L Lha
pressure paint
(baapa)

.
reacord and
stores the
angle to a

varable

robot initial
posItian

locataa tha
Seure point
N Between the
eyeobrows Using
the dete
recordea

| ___soeeps) |

J__

pack 1o inikial
postion whara
the last

PreIBIUNE PNt
e Iocateda

- —-J——-’L;

ZrD )

Figure 8. Flowchart of program



17
G} Application of Algorithm (Actua) Programming)

The robot Is programmed using the Lego NXT Mindstorms 2.0 Programming Software.
Tt:mﬁmmnsistsofagmplﬂcspmgmmninglmgmgemdusesviﬂualﬂockswﬁh
peedefined commands suitable for the desired actions to be performed by the robot,
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Figure 9. Screenshot of Lego NXT Mindstorms 2.0 Programming Software
C.2 Uploading, Testing and Debugging of Program

The program {s uploaded to the NXT Brick fiom the faptop using a cable provided by the
kit It is then tested by letting the robot perform the detection of the pressure points. If its
Performance deviates from the expected outcone, the program Is debugged vatil e desieed

result is executed.
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CHAPTER 4
RESULTS AND DISCUSSION

In the development of the robot for its final design, six prototypes are proposed. Tach of
them requires a lying-down and stationary client to be able to perform efficiently and accurately.

MARKTI:
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Figure 10. Mark I

The design uses two separate arms located on cach side of the head of the client. Each
arm consists of one brick as the base, three servo motors as the three joints (one for yaw and two
for pitch), and touch and light sensors. A connector that traces the head of the client attaches the
two bricks which can be adjusted to fit the size of the head. An ultrasonic sensor reads the
distance caused by the adjustment (o calibrate the program of the robot. The (wo bricks

communicate via Bluetooth during the program execution.
The design, however, is limited by the arca of the forehead that it can reach.
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Figure 11. Mark IT

The design uses two bricks attached to each other, six servo motors and touch and light
sensors, The structure has four joints and it imitates the human arm. The lowermost joint has two
servo motors and has a yaw-type movement. The upper joints are composed of a total of four
servo motors and have a pitch-type movement.

The arm, however, is heavy and causes itself to tilt slightly, thus afTecting the program.



MARK HI:

This design is equipped with a contraption that maintains the upper arm perpendicular to
the base when moving. The base contains two bricks attached to each other, The arm has three
joints. The lowermost joint has three servo mators: two for the pitch and one for the roll. The
middle joint has a pitch-type movement and is represented by a peg attached to the contraption
%0d the fourth servo motor. The uppermost joint has one servo motor and is connected to the

light and touch sensors,
However, the contraption is stilf not yet finished and disables the robot to perform the roff

Movement and the arm is too heavy because the power of the two lower servo motors cannot
“mpensate for the combined weights of the two upper servo motors, thus it cannot pecform the

Massage,
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Figure 13, Mark 1V

The contraption is transferred (o the back of the arm. [t is also improved so that it enables
the robot 10 perform the roll movement.

However if the arm is not perpendicular © the base, there is a imic @ the rolf movement.
Since the materials are made of plastic, it is able 1o surpass this boundary slightly but in the
Process results to twisting which can be damageable if prolonged and repeated.
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Figure 14. Mark V

A beam (encircled in red) replaced the upper servo motor and synchronizes the angle of
the 1ouch and light sensors with the angle of the arm. This greatly lessens the weight. The design
mly requires a single brick (o operate. It is also equipped with two more ouch sensors that guide
he arm in attaining initial position: one has an extended beam that follows the motion of the am
“d it uses two rubber bands (encircled in red) that enables it 0 retum o its original position,
W the other is located at the back.
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However, the two servo motors for pitch movement block and thus limit the angle of the
roll movement.

Figure 15, Mark VI

This design uses three servo motors: two for the roll and one for the pitch. This scheme
solves the limitation in the roll movement. Two touch sensors are used to guide the arm in

“iaining initial position. The third tuch sensor (which was together with the light sensor and
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war purposed 10 sense the human skin) is removed. A mechanism accompanies the light semsor
that pulls and pushes it 1o keep a slight distance between the sensor and the forehead in every
position of the am. Two wheels arc attached to the other end of the arm that act as
counterbalance to the weight of the light sensor. The sizes of the beams are strictly chosen in
erder for the arm to follow the shape of the forchead during its performance. The base is clevated
and » head rest is attached 10 it to adjust the position of the client’s head for better execution of

U program.



CHAPTER 5
SUMMARY, CONCLUSION AND RECOMMENDATIONS

Mssmdyaimedmdevclopambotcapabkoflocaﬁngawpmsmm%me
forehead using Lego NXT Mindstorms Kit Version 2.0.

The study specificalfy aimed to:

L. To construct a robot suitable for focating the acupressure points on the forchead using
Lego NXT Mindstorms Kit 2.0

Z. To program the robot to focate the acupressure points on the forehead using fego NXT
Mindstorms 2.0 Programming Software

Semmary of Results:

L. Six prototypes were constructed in developing the design of the robat as factors such as
weight, complexity and energy consumption were minimized in the process.

2. The sixth prototype was programmed to make use of the cycbrows to locate the pressure
points in the forehead.

Conclusiog:

The final prototype consists ofabascmﬂann.Thcbascis'com,pt)scd of the brick and
teadrest while the arm is composed of motors and extended beams with a light sensor at the end.
e sixdh Protatype uses its Hight sensor and mators to focate the eychrows. The eyebrows ane
then useg as reference (o pinpoint the pressure points on the forehead. The brick gives off a
“siad each time a pressure point is found.



= semend ations;

Future rescarchers in (his arca of study are recommended to:

f. Use other programming fanguages fike Java to program the robt
2 Use other materials other than Lego NXT Mindstorms
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