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ABSTRACT

The purpose of the paper is to research a new method of detecting and
evaluating balance function of old people for improving the quality of
balance evaluation. The methods of evaluating balance function include
as follows. Firstly, intuitional methods include observatory and
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questionnaire. Secondly, the Center of Pressure (CoP) and Center of gravity
(CoG) of an old people are detected to eval uate static and dynamic balance
function with scientific equipment. The dedicated micro-machining
accelerometer and angul ar rate sensors are effective in detecting the center
of gravity (CoG). Finally, different algorithmswere applied respectively to

evaluation of static and dynamic balance function.
© 2013 Trade SciencelInc. - INDIA

INTRODUCTION

Thehedth condition of theold hasbeen paid more
and moreattention. Inthe view of medical, seniumis
that the structure of body and physiological function
appear aseriesof degradation with growing older. Bal-
ancesenses, such asvision, vestibuleand somatosense,
keep stable between 20 and 50 yearsold, and become
ingtablegradudly, and then declinerapidly until 70years
old¥. Intheperiod of becoming seniumformmiddieto
old age, some problemswill appear, such asstanding
and walking become unstably, therange of activity of
articulation getssmaller, elasticity of anadesmaand
power of muscle decrease. The research of Blaked
indicated that the reason of 53 percent of tripsin the
oldwas standing and wal king unstably. Andtripisalso

adominating reason of getting hurt and someother dis-
eases. Trip bringsextremely pain to the old and huge
burden to familiesand society. Theresearch of Lilley
indicatethat tripisthefirst and most important reason
of desthswhichisolder than 755, Morethan onethird
old peoplein older than 65 will trip once per year!*9.,
Theresearch on dynamic ba ancefunctionismeaning-
ful for medical diagnoseand nationd fitness.

BALANCE MECHANISM OF
HUMAN BODY

Human balance ability involvestheinteraction of
variousfactors, especialy thedderly, whichincludes
age-related physiologica changes, and containsoneor
more pathological factors, and may containsjoint ac-
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tion of internal factorsand externa environment. Inor-
der to maintain the balance and stability of standing
posture, the central nervous system will haveto adjust
the corresponding joint and muscle constantly accord-
ing to sensory information provided by thevisua sys-
tem, ontol ogy sensesystem and vestibular system.

Theor etical basisof balance mechanism

Bdancefunction of human body isconssted of gatic
and dynamic baancefunction™. Staticbaanceisakind
of ability that human body keeps at aspecia posture.
Theother oneisdynamic balancewhichiscons sted of
two aspects: 1): self-dynamic balance. Itisan ability
that human body recoversto balancewhen doing some
s behaviors, such astrangting form Stting postureto
standing posture. 2): external dynamic balance. Itisan
ability that human body comes back to balance when
the body isaffected by external environment, such as
push, pull. Thiskind of partitionincludesabilitiesthat
human body keeping, getting and coming back to bal-
ancewhen doing seriousbehaviors, andit isscientific
and integrated. Some scholars® use changing mode
of posturewhen human body keepsin standing posture
quietly to evaluate and study balance system of indi-
vidual. But the static and dynamic balanceisnot rel-
evant('?,

Now, andyzing and eva uating static balancefunc-
tionisachieved mainly by recording CoP. Thismethod
isbuilt onthe assumptionthat swing of body isastatic
process. However CoPtrack can not stand for all the
evauate pattern. Thismethod ignoresthedynamic fea-
ture during dynamic process of CoP, and can not sand
for thedetail of posture control. It isunreasonableto
regard CoP as ‘The motion of the body posture’ or
CoG™, There aretwo main drawbacks: 1) The con-
trol to human factorswill be not taken into consider-
ationsand the control variableto thehuman body can
not be obtai ned when simply recording CoP. Inverted
pendulum mode of human body showsthat CoGisthe
variable controlled by the human body in maintaining
equilibrium process, and CoPisjust aresult of human
control. Fromthe perspective of biomechanics, the CoP
isjust anerror signd inthe processof controlling hori-
zontal acceleration of CoG. 2) Thereisagreat limita-
tionintheuseof asngleplatform. It canhdp usidentify
the control mechanism when CoP moving around by

recording every trouncesrespectivey. Thebadancefrom
thedirectionsof front and back iscontrolled by ankle’s
toeflexion and plantar flexion.

Thebalancecharacter sof old people

Alongwiththeincreaseof age, degenerdtive changes
of balancing sensefunctions such asvisua and vestibu-
lar, ontology, etc, balanceability iscertainly decreased
obvioudly. Experiments show that human body move-
ment function whichisahighlight in thedynamic bal-
anceability, such astheaction agility, coordination abil-
ity, dynamic anti-jamming and keeping balance ability,
will have ahugereduction with theincrease of age. In
other functiona and comprehensivetests, abilitiesre-
sisting to outsideinterference and keeping body bal -
ance decrease obviously with theincrease of age*2.

DETECTING METHODSOF
BALANCE FUNCTION

CoP ba anceboard method which hasmaturetech-
nology and smpledesign, hasbeenwiddy used, but its
defectsintermsof dynamic balancetest; CoG measur-
ing method hasthe congenital superiority indynamic
balancetest, but thetechnology isdifficult. At present
only afew companieshavethiskind of product abroad.
Thispaper analyses advantages and di sadvantages of
thetwo methods (CoPR, CoG) respectively, and designs
acomprehens ve system to measure the body’s ability
of balance by integrating the advantages of two meth-
ods.

TheCoP balanceboard design method

In standing state, because of the dynamic change
of center of gravity, thetwo feet haveimba anced stress.
So the changesin the body’s center of gravity can be
reflected through the changes of pressurecenter of bal-
ance board. Figure 1 isthe schematic diagram of bal-
anceboard. G (X, y) of CoPiscalculated by four sym-
metrical gravity sensor valuesunder theba ance board
according to the principle of moment balance. The
barycentric coordinatesdatawastransmitted to PC and
center of gravity changing parameterswere analyzed
by software. The distribution types of body center of
gravity involvetheenvel opeareaof thebody center of
gravity, trgjectory length the body center of gravity,
maximum distancein X direction and maximumdis-
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Figurel: GraV|ty balanceboard schematic
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Figure2: Balance boar d weight acquisition system block
diagram

tancein direction. Baance board weight acquisition
system block diagram isshown asFigure 2.

Static balance ability of old peoplewas evauated
according tothe center of gravity changing parameters.

CoG signal detection

To measurebody dynamic balancefunction of ag-
ing human, thedynamicinformation of sSomemovement
behaviors, including walking, standing, crouching, sit-
ting down and turning around, must be detected. Re-
ferringto Figure 3, the sensorsare placed in the posi-
tion of center of gravity for gathering accel eration and
angular ve odity informationduring human behavior. With
theexperimenta conditions, thevariety of postureand
balance ability are detected and and yzed. For example,
displacement and Angleinformation can be obtained
throughtheintegrd. Onthisbasis, thetesting and eva u-
ation mode of the dynamic baance of human behavior
aregradually established and improved.

EVALUATION OFBALANCE FUNCTION

It must be divided into static balance and dynamic
balancewhen evaluating balance function. Therefore,
the evaluating basement, that isthe evaluating factors
or parameters, should be divided into static and dy-
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Figure3: Sketch map about infor mation collection of dynamic
balance

namic evauatingfactorswhich haves milaritiesand dif-
ferent places.

Evaluation of static balancefunction

At present, according to thefunction and meaning
of eachtest, thereare somedifferent quantitative mea
suring algorithmsof balance at homeand abroad. The
commonly used onesaredivided intothefollowing sev-
erd categories®?. Thefollowingsaretheevauating fac-
tors depending on bal ance board method.

(2) Algorithmsof reflecting the degree of balanceim-
pairment: Because the maximum shakediameters
(Dx, Dy) of X andY directions have biggish con-
tingency. Sotrgectory length (LngX, LngY) of X
andY directionshaveadvantagesthan Dx and Dy.
Trgectory length per unittime(Lng) isanintegrated
indicatorsof X andY directions, andit hasan aver-
age sense; Enveloping Area (Area) hasameaning
of swing range, and itismoreimportant in describ-
ing theoscillation extent; ShakeAngle(Deg) isthe
accumulated angle of the vertical axisof center of
gravity vertica projection to theground and axis of
body. Because of different height, Deg eliminates
theinfluencetothetrgectory length, envelopearea.

(2) Algorithmsof reflecting the shake migration and
advantage direction: Sometimes CoP’smigration
(X,Y) of X andY axisdoesnot represent theloca-
tion of the center of gravity, andisassociated with
the standing position of each eval uation. So, huge
contingency isexisted. Shake pendulum advantage
direction and degree (Wavvol) reflectsmuscleten-
sioninthetrunk whichisusedin controlling pos-
ture. Becauseeveryone’sshake patternisvery com-
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plicated, theWavvol of individud isdifficult to de-
termine.

(3) Algorithms of reflecting energy consumption: tra-
jectory length per unit area (Lng a?) reflectsthe
ability of controlling posture by proprioception sys-
tem; Energy consumption (Eng) whichisabiome-
chanica index which reflectsenergy consumption.
Theenergy of correcting the barycenter’s position
increaseswhenthemoving ability of body fallsand
balance ability declines. Eng can reflect the com-
prehensve performance of balancefunction.
Hereare somed gorithmsimplementati ons about

important capability assessment factors of balance.

Shaketrajectory length of center of gravity (Lng):

Lng:i\/(xi =Xi1)? + (Vi = Vi) D

Wherenisthenumber of collecting.
Tragjectory length of X direction LngX, and trgjec-
tory length of Y directionLngY:

LngX=§)\/(xi—xi+1)2 and LngY=nZ§\/(y.—y.+1)2 2

Average barycentric coordinates of X direction
(MeanX), and average barycentric coordinates X di-
rection (MeanY):

n
pRt
=1

MeanX =-
n

Envelopearea(Area):

ZYi
=

n

and yeany = ©)

Area=3 " @

Where 7 isthedistancefrom coordinate of every point
to thecenter of gravity.

Trgectory lengthper unitarea( Areae A™2):

_ Lng
A Al=—T
reas Area (5)

Shake pendulum advantage direction and degree
(Wavval):

Wawvol =rllzii\/(MeanX—x‘)2+(MeanY—y‘)2 (6)

Read time shakependulumlength (Lng'i ):

Lng'i =(x{ = X10)* + (¥}~ y10)® @)
Red timeshakependulumangle(e,):

_ . aLndi
0, =sin T (8)

WhereH istheheight of center of gravity.
Shakependulum angle (Deg):

1& . ., Lndi
Deg=—)Y sn' —>—
= n; H

Energy consumption (Eng):

©)

zn:M * g+ H|cos(8,) — cos(0,_, )|
Eng =

(10)
1000

Evaluation of dynamicbalancefunction

Dynamic assessment factorscontain somedaic bd-
anceeval uation factorsand some specia factors.

Dynamicevaluation factor swhen walkinginclude:

Marching rhythm*415: Theratio of stridefrequency
and stridelengthiscaled themarching rhythm. Healthy
people’s marching rhythm hasacertain rangewhich
toobigor too small will affect thestability of waking.

Theratio of acceleration between right and | eft
paced: Collect thesameaxial acce eration amplitude
values with odd-even steps. And these values were
writtento (Ao, Ad) which can effectively responsethe
body balance ability in the process of marching. The
ratio of Aoand Adiscloser to 1 suggeststhat thebody’s
balanceability isbetter.

Marchingtwist degree:
Thetwist angleinverticd axis, whenwalking, hasa
certainrelationshipwith stridelength. Whentheir ratio

istoo big or too small the stability of walkingwill be
affected.

Dynamic evaluation factor swhen thehuman body
doturningaround action:

Turning around time: Turning around timereflects
reaction rate.

Turning around angle: Degree of accuracy of turn-
ing around anglereflects controlling ability of body.

CONCLUSION

With thetheoreticad anaysisto baancemechanism
and characteristics of old people, anew method of col-
lecting both CoP and CoG informationis putted for-
ward to record the changes of barycenter of the human
body. The method can avoid the defects caused by the
CoPmethods. And different a gorithmswere applied
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respectively to evaluation of static and dynamic bal-
ancefunction. Combining static factorsand dynamic
factors, theba ancefunction of old peoplecan beevdu-
ated accurately.
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