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ABSTRACT

KEYWORDS

Alongwith social progressand the devel opment of science and technology,
people’smaterial life hasbeen greatly improved, so there appearsagrowing
number of obese youth; the incidence of this group is higher, the impact
on families and community is larger, and thus many experts put forward
their own views for weight loss exercise. Through the study on the
relationship between the walking and running sport - energy consumption
- fat reduction, this paper proposes a weight loss strategy by prolonged
low-intensity exercise from aoptimal mathematical point of view; in order
to study the relationship walking and running and energy, the paper first
studies the relationship between the heart rate and the two respectively; in
the study course it uses a non-equidistant Logistic model, and obtains
reasonabl e resultsthrough the model ; in addition this paper also establishes
the optimization model of fat consumption and in constraint condition of
stridefrequency inorder to verify the reliability of Logistic model; moreover,
it establishes the mechanismmodel of fat consumption, theresultsvalidate
the error between the two is within 10%, obtains the optimal exercise
strategy with exercise time 120 minutes and stride frequency 1401/min; in
this mode the exercise can reach atheory effect of weekly weight loss49g;
the experiment provesthat the result isa safe range for weight loss, which
provides a theoretical basis and methods for the weight loss exercise of
majority of obese youth. © 2013 Trade ScienceInc. - INDIA

Logistic mode;
Optimization model;
Fat consumption;
Weight loss strategies.

INTRODUCTION

Thewalking and running sport isoneof thesim-
plest movementswith highly feasibility. Inthe eyesof
themgjority of obeseyoung peopleitisagood weight
losstool. Intheend it isquestionable how to achieve
thebest weight lossresult. Since peoplewill appear the
energy consumption phenomenoninthewalking and

running course, and theenergy can establisharelation-
ship between the sugar and fat inthe human body, the
safety maximized fat consumptionisthe purposethat
obese peoplearetryingto achieve. Thusthispaper sud-
iesthemathematica model of energy consumption and
fat consumption during thewal king and running exer-
cise, in order to providethe best weight loss strategy
for themgority of dietersfromamathematica point of
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view inconditionsof security.

Many peoplehave madeeffortsfor theweight loss
during walking and running exerciseand the Logistic
mode and mechanism mode of fat consumption used
inthisarticle. Itisthese people’s effortsthat makethe
weight loss exercise and various model have been
greatly developed. For the research of weight loss
exercise, some peopl e have made areasonabl e point.
Onthebasisof previouseffortsthisarticle establishes
thefunction relationship of stridefrequency and heart
rateusing Logistic gray modd , usesthemode to study
thefunction relationship of thefat consumption ratio;
on the determination of thefat consumptionratio, it
establishes an optimization model of maximized fat
consumption, and through the mechanism model of
fat consumption test the gray models, this study ex-
pectsto provide weight loss strategy with high feasi-
bility for obeseyouth.

ENERGY CONSUMPTION MODEL

Thelinear regression equation of per unit energy
consumption

The speed of young peopleaged 15-25inthewak-
ing and running processisusualy 2-10knvh, according
to gender thelinear regression equation between per
unit energy consumption and stridefrequency isshown
astheformula(1) and formula(2):

EE =a,F + b, (male) @)

EE = a,F +b, (female) %)

InFormula(1) and (2) gg indicatestheunit en-
ergy consumption(kcal/min/kg),  meansthe fre-
guency step (I/min); in order to more accurately de-
scribethemodd, this papersintroducesred -time heart
rate when studying the object’s movement, and at this
timethelinear regression equation of the energy con-
sumption per unitisshowninformula(3) and (4) be-
low:

EE =a,F + B H +y, (male) ©)]

EE =a,F + B,H +y, (female) (4)

Thered timeheart rateduring themovement isrep-
resented by H intheformula(3) and (4), itsunitisl/
min, whichiscons stent with thestep frequency dimen-
sondly.

The calculation method of the energy consump-
tion

Accordingtothelinear regression equation obtained
from formula (3) and (4), thefunction of the gender,
stridefrequency, and heart rate and energy consump-

tion can bederived as f (F,, H, ), then conduct thein-

tegrd of thisfunction over timet , and multiplied by the
body weightw, the internal energy consumption
value g of the study object can bedrawn within ape-
riod of time, asshownintheformula(5) below:

E :WXIJ f(Ft’ Ht)dt = Zn: f(Fthti)XWXti (5)
i=1

In Formula(5) T meansthetota timeof walking

andrunning, t, meansthetimeof durationfor the j —th

segment stridefrequency and itsunit ismin; the accu-
mulation part will dividethedifferent stridefrequencies
of aperiod of timeinto n segmentswhenwalkingand
running.

Usudly itismoredifficult to collect thered time
heart rate of the study object inthemovement; in order
tofacilitate the study, we can taketheregression equa-
tion (1) and (2) instead without the heart rate, then the
expression of theinterna energy consumption gisin
theformula(6):

T n
E=wx [ f(F)dt= 21: f(F, )x wxt, ©
Themaximization mode of fat consumption

For the effect of weight lossby exercise, we often
focuson theexerciseintensity and exercisetimethese
two key factors, thetwo determine the body fat con-
sumption ratio and consumption valueinthemotion
course. Fromabiologica point of view, during theex-
erciseof certainintengty, thelengthening of movement
time can achievethe effect of anincreasein fat con-
sumptionratio. Thekey question of loseweight by ex-
erciseistoachievetheoptima exerciseweightlossunder
what kind of exerciseintensity. Moreover the person-
alized exercise capacity hasadirect relationship with
therelativemaximal oxygen uptake of thehuman body,
thedetermination for maximal oxygen uptake and oxy-
gen uptake function hasavital roleto determinethe
ratio of fat consumption and exerciseintensity function.
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Themaximal oxygen uptake function can be ob-
tained by using statistical regression method, we use
theregression model in theliterature[7] (Li Qiang,
2007), asshownintheformula(7) below:

VO, ., = (34.777+11.685x 5—0.808x BMI +0.159x hgy e )X W (7

2max

InFormula(7) VO,,,, indicatesthe maximal oxy-
gen uptake, smeansthe sex, itis s=1for maleand

s=0 forfemde, h...s INdicatestheestimated heart

rate reserve (maximum heart rate minus basal HR),
andw meanstheweight.

Becausethe samevolumeof oxygenisconsumed,
the sugar and fat rel ease energy substantially equal to
the[8], and the movement oxygen uptakefunctionscan
be obtained by the energy consumption formula, as
showninformula(8):

V =207.29E +9.328 ®
Substitutetheformula (1) intoformula(8); thefor-
mula(9) can be obtained:

V =207.29(aF, +b)w+9.328 (9)

InFormula(9), v representsthe oxygen uptake,
and g meansthe energy expenditureva ue per unit of
time.

In order to excludethe effect of exercisetimeon
fat consumption, the paper makesthefollowing two
assumptions.

Assumption 1: fat consumption ratio during exer-
ciseandreativeexerciseintensty hasalinear relation-
shiponthelocd;

Assumption 2: with different re ativeexerciseinten-
sity, thesizerd ationship between thefat consumption
ratiosdoesnot changeduring thesameexercisetime.

Inthe above hypothetical premise, suppose pin-
dicatesthat the ratio between the motion oxygen up-
take and themaxima oxygen uptake, z meansthecon-
sumption ratio of thefat; based on the experimental

datawhen is 40%VO, the fat consumption ratio

2max !

was 48% after exercise for 20 minutes, when p is
50%VO theratio function of thefat is40%, thus

2max !
the linear equation can be obtained by formula (10)
beow:

z=-0.8p+0.8 (10)
If bring p intotheformula(10) then therelation-
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ship showninformula(11) can beobtained:

—165.832(aF, +b)w-7.4624

z= 0.8
(34.777+11.6855—0.808BMI +0.159h, . )<w ' ¢ (11)

Thusthefunction reationship between fat and stride
frequency can be established and find the maximum
value, theconstraint condition of the objectivefunction
istheheart rate’schangerange, themathematical model
of themaximized fa consumptionisintheformula(12):

Exz

S

InFormula(12) h,indicatesthe heart rateinthe

(12)

rest state, h, meansthe maximum safe heart rate that

can beachieved inthe motion state, typically thecom-
putational formulaof isshown intheformula(13) be-
low:

h,, =(220— Age)x85% (13)

M echanistic model of fat consumption

Medica science showsthat theratio of sugar con-
sumption ratio can promote the speed of fat consump-
tionratio, and the speed of fat consumptionratio also
receivestheinhibition of salf-consumptionratio; thecor-
responding coefficientsare denoted by a and—p ,the

ratio of fat consumptionisdenoted by z(t) , themath-

ematica mode of fat consumption over timeisshown
informula(14) below:

gz_ a(l-z)-bz
at (14)
Z(to) =4

Theanalytical solution of theordinary differentia
equation (14) determined by theinitial valueisinfor-
mula(15) below:

Z(t): a _( a _Zoje—(a+b)t

a+b

Whentheobject’smovement reechesacertaintime,
the body’s breath basically tendsto be stable; that is,
whenthet — oo , theconsumption ratio of fat and sugar
reachesastablevalue, asintheformula(16) below:

z(t)= —2

a+b

(15)

lim

t—> o

(16)
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Whentheorigind valueisz, = 0.325, theformula
(16) isasformula(17) below:
z(t)=c,—(c,~0.325) 17)

Therefore, according to theleast square method,
wehavetheformula(18):

min Zn: [cl —(c, —0.325)e %" —i, ]2
k=1

Whenthevaueodf c , ¢, isdetermined, thenthevaue
of a,b canbedetermined.

(18)

STUDY RESULTSANDANALYSIS

Thepurpose of establishing gray systemisto seek
thevariation law of the system devel opment by theorigi-
nal data’scollectionand collation. Theinformationdis-
played by theraw dataisoften morecomplex, anditis
difficult tofindthevariation law. But gray system theory
thinks that, the gray sequences of any system can
weaken therandomness of datadisplay by some gen-
erate, sothat it canreflect theregularity of theinforma:
tion and interpret the nature of the system. Inthispa-
per, it uses Gray Logistic mode to predict therelation-
ship between stridefrequency and personalized heart
rate, inorder to establish therel ationship between stride
frequency and human energy consumption during move-
ment through personalized heart rate.

Thedatardationship between stridefrequency and
heart rate

TABLE 1: Thecomparison tableof sridefrequency and heart
rate

) Body Heart
Gender Age Height i Cadence

weight Rate

Male 18 183cm  92kg 0 78
Male 18 183cm  92kg 104 105
Male 18 183cm  92kg 111 110
Male 18 183cm  92kg 126 129
Male 18 183cm  92kg 163 163

The trend chart of heart rate with the stride fre-
guency can be obtained from TABLE 1, asshownin
Figurel:

By anon-equidistant Logistic gray modding theory,
therelationship between heart rate and stridefrequency

————, FyurL PAPER

canbedrawn asinformula(19) below:

H = 45.604e"%%F (19)

200
150 =

e 100 -t

rat

Heart
-

50
U 1 L 1 |
0 50 100 150 200

Cadence

Figurel: Thetrend chart of heart chart — stridefrequency

In Formula (19),  meansthe stride frequency,
H meanstheheart rate corresponding to the stridefre-
quency; by theformula(19) thefunction relaionship of
stride frequency and heart rate can be drawn asfor-
mula(20) below:

F =125In(0.02193H ) (20)

In Formula(20), when g is0, the corresponding
heart ratevaueis45, which hasalarger differencewith
thedatain TABLE 1, thusthe gpplied range of thefunc-
tionrelationship showninformula(20) isthereation-
ship between heart rate and stride frequency in the
movement process.

By thedetermined function informula(20) theopti-
mummode can bedetermined asinformula(21) below:

—165.832(aF, +b)-7.4624/w

max(aF, +b)

34,777 +11.6855— 0.808BMI +0.159N,, e
st F e[40,aInbh,]

(21)
By theformula(21) the optimal stride frequency

1S1400 ~ 1501/min , the relative motion intensity

1S46.9%V0,,., , Smilarly theoptima stridefrequency

for womenaged 181s122|/min and the corresponding

motionintengty is53%V0, ., -

Resear ch on thefat consumption ratio data

TABLE 2: Thefat consumption ratiodata

Time(min) Fat consumption ratio

0 0.325

20 0.425

30 0.493

60 0.737
120 0.808
180 0.844
240 0.880
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Fromthedatain TABLE 2 thetrend figure of fat
consumption ratio over time can beobtained, asshown
inFgure2:

1

0 1 1 1 1 I |
0 50 100 150 200 250 300

Fat consumption ratio
o
[1=%
-
L ]

Time

Figure2: Thetrend figureof fat consumptionratio-time

Accordingtothedatain TABLE 2 and theLogistic
mode with unequal interva, thefunction relationship
between thefat consumption ratio and thetime can be
drawn, asshownintheformula(22) below:

0.8637
2(t) 1+1.6575¢ %%
Thedatain TABLE 3 showstheaverage error be-
tween the analog data and the experimenta datais
3.9%.

TABLE 3: Theerror comparison between the experimental
dataand themodel data

(22)

) ] Fat consumption Analog
Time(min) ) Error
ratio data

0 0.325 0.325 0.0%

20 0.425 0.458 7.7%

30 0.493 0.524 6.3%

60 0.737 0.689 6.5%

120 0.808 0.831 2.9%
180 0.844 0.859 1.7%
240 0.880 0.863 1.9%

Solution method on fat consumption mechanistic
mode

Using Gauss - Newton method to conduct | east-
sguaresfittingonthedatain TABLE 3, theresultscan
be obtained by formula (23) and the judgment matrix
of thesecond layer indicatorsisshowninformula(23):

¢, =0.8958

2t)

¢, =0.0153
=0.8958—(0.8598 - 0.325)¢ =

(23)
= 0.9395-0.5708¢ "

Thedatain TABLE 4 shows, theaveragerelative
error of the ssmulated data obtained by the fat con-
sumption mechanismmode is4.6%.

TABLE 4: Thecomparison between datasimulation results
and experimental data of themechanistic model

) _ Fat consumption Analog
Time(min) . Error
ratio data
0 0.325 0.325 0.0%
20 0.425 0.476 11.9%
30 0.493 0.535 8.5%
60 0.737 0.668 9.4%
120 0.808 0.805 0.4%
180 0.844 0.860 1.8%
240 0.880 0.881 0.1%
STUDY RESULTS

Usetheunequd interval Logisticmodd and fat con-
sumption mechanism mode astheratio function of fat
consumption, theratio functionismultiplied by thetotal
energy consumption function, and then the consump-
tion fat can be obtained by integrating thisproduct in
time; Supposeaman carriesthroughwaking and run-
ning movement with aspeed of 140l/min, thefat con-
sumption isthemaximum, exerciselastsfor 120 min-
utes, and using thenon equidistant Logisticmodd asfat
consumption ratiofunction, thentheresultsinformula
(24)can be obtained bel ow.

0.8637
1+1.6575¢ (24)

If wetakethefat consumption mechanism model
asthefat consumption ratio function, then theresults
can bederived asshowninformula(25).

f(t)=925x [ (ax140-+ b)x (0.9395- 0.5708e °*'** Jdt = 664.1kcal (25)

Formula(25) showsthat aman exercises continu-
aly for 120 minutes, thetotal energy consumptionis
979.2kcal, fat consumptionis664.1kcal, the supply
ratio of thefat energy accountsfor 67.8%; if themove-
ment time 120minischanged to 30min, thetota energy
consumption is 244.8kcal, and fat consumption is
117.9kcal, the supply ratio of thefat energy accounts
for 48.1%.

Fromtheaboveandysis, thefat energy supply ratio
of the study obj ect reaches 50% when exercising for 30

£(t)=925x [ (ax140+b)x dt = 645kcal
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minutes, whilethefat energy supply ratio reaches80.8%
when exercisng for 120minutes, at thismoment thefat
energy supply accountsfor 67.8% of thetota energy
consumption during exercise; thereforethe study object
exercisewithlow-intensity for along timecanreachthe
purposeof maximumfat consumption.

According tothebiological heat priceof sugar and
fat, the consumption mass of sugar and fat can drawn,
the heat price of sugar 17.7kj/g, theheat priceof fatis
38.94kj/g, and 1kcal = 4.186kj; based on the above
resultsthat the study obj ect to exercise 120 minutesev-
ery day can reducefat of 70g, after aweek timeit can
reduce490g, and theresultsare shownin someimpor-
tant literature, whichismore consi stent with the safety
week weight 10ss0.5-1.0kg; from another s dethemodd
and research gpproach of thetext isreasonable.

CONCLUSIONS

Thispaper usesLogisticmodd to study therelation-
ship between stridefrequency and heart rate, meanwhile
aso usesthismodd to study the caseof fat consumption
ratio; throughtheresults’ verification, theuseof themode
isreasonablewith high persuasion; in the paper it estab-
lishesafunction of fat consumption and stridefrequency,
and buildsthe optimization model, which providesa
mathematica method for optimal fat consumption, and
getsareasonableresult; in order to verify therationdity
of theLogisticmodd, the paper establishesamechanis-
ticmode of the body’sfat consumption, theresult shows
that the error of thetwo islessthan 10%; then it con-
ducts casestudy onthefat function proportion problem
of aman after 120 minutesand 30 minutesof exercise, a
longtimeexercisewith low-intensity canachievethebest
resultsof weight loss.
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