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Abstract—This paper proposes a body weight prediction method 
using autoregressive (AR) model and Fuzzy-AR model. First, we 
employ 6 persons body weight change data of 365 days. AR 
model predicts body weight of a day from these time-series data. 
We calculate an order of AR model for each person by Akaike’s 
Information Criterion. In the experiment, we predicted body 
weight change of next day for those subjects. The AR model 
obtained 0.798 in correlation coefficient between predicted and 
truth values. Second, we propose a Fuzzy-AR model that predicts 
body weight of next p days from last p days, where p is the order 
of AR model. In this method, we propose a Fuzzy-AR model with 
the fuzzy membership function using last p days data. In the 
experiment, the Fuzzy-AR model obtained 0.558 in correlation 
coefficient on 2 subjects.  

Keywords- healthcare system; autoregressive model; prediction 
model; time-series data; body weight. 

I.  INTRODUCTION 
Generally, the health care system provides healthcare 

services, including screening examinations, prenatal care and 
infectious disease control. Currently, busy lifestyles including 
hard work in daily business rise in chronic disease. In this 
situation, health care system for healthy people receives much 
considerable attentions. Reference [1] pointed that “More than 
1 billion people in the world are overweight, and at least 300 
million of those are clinically obese. Without action, more than 
1.5 billion people are expected to be overweight by 2015.” 
Thus, human body weight control is very important in the 
world. 

In this paper, we consider a personal telehealth system to 
control body weight of the individual. In this system, it collects 
the daily weight data and analyzes them. It finally gives an 
advice to control it. In Ref. [1], this system is the following 
goal, i.e., “Empower individuals and patients to better manage 
their health by providing them with information regarding their 
fitness and health through personal medical devices and 
services.” 

In this paper, we propose a prediction method of body 
weight of next day using autoregressive (AR) model [2]-[4]. 
Next, we predict body weight change for next plural days using 
Fuzzy-AR model [5]-[8]. Thus, we predict body weight change 

using AR model and Fuzzy-AR model. We employ 6 subjects 
the body weight change data. The 6 subjects of AR parameters 
are calculated from Yule-Walker equation, and the order of AR 
model is determined by Akaike's Information Criterion. As the 
result, the correlation coefficient between the predicted and 
truth values is 0.798 on the 6 subjects. Next, using the order of 
AR model, we find the cycle of body weight change. The cycle 
is used as the order, p, of the Fuzzy-AR model proposed here. 
Fuzzy-AR model with fuzzy membership function predicts 
body weights of next p days from the time-series data of last p 
days. We compare the prediction accuracy using AR model 
with that using Fuzzy-AR model. As the result, Fuzzy-AR 
model obtained higher correlation coefficient. 

II. PREDICTION METHOD BY AR MODEL 
We predict body weight change of a day by AR model. The 

AR model is defined by (1).  
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Here, the notation y(t) denotes a predicted value of time t, x(t) 
does a measured value, a(i) does AR parameter, u (t) does 
white noise, and p does the order. AR parameter, a(i), is 
calculated by using Yule-Walker equation defined by (2). 
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Here, the notation R(i) denotes auto covariance function. 
Moreover, the order, p, is determined on the basis of Akaike's 
Information Criterion (AIC) [9], [10]. In our experiment, the 
order, p, is determined from the time-series data of 365 days. 
That is, we vary p from 1 to 365, and then calculate the value 
of AIC by (3).  

kLAIC 2)ln(2 +−=  (3)
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Here, L denotes maximum likelihood and k does number of 
free parameter. Maximum likelihood, L, is changed by p. The 
order of AR model is determined as p with the minimum AIC 
during [1, 365]. We predict body weight of next day from time-
series data of last p days. 

III. PREDICTION RESULTS OF ONE DAY 
In our experiment, we employed body weight data while 

365 days of 6 subjects in Table I. We predicted their body 
weight change by AR model. We evaluated our prediction 
results by using correlation coefficient between predicted 
values and truth values. We tested AR model 5 times and 
calculated the mean and the standard deviation (SD). 

Fig. 1 shows prediction result of subject A. Subject A has 
rapid body weight change during [109, 117]. From Fig. 1, we 
can see that AR model predicted this rapid change. Fig. 2 
shows prediction result of subject B. Subject B has body 
weight change of about 10 kg during about 2 months. From Fig. 
2, we can see that AR model predicted this change. Fig. 3 
shows the prediction result of subject C. Subject C has slowly 
decreasing body weight data. In Fig. 3, AR model predicted 
this slow change. Fig.4 shows the prediction result of subject D. 
Subject D has decreasing body weight data in short term. From 

Fig. 4, we can see that AR model predicted this change in short 
term. Fig.5 shows the prediction result of subject E. Subject E 
has rapidly body weight change during about 10 days. From 
Fig. 5, we can see that AR model predicted this change during 
about 10 days. Fig.6 shows prediction result of subject F. 
Subject F has rapid body weight change during a few days. 
From Fig. 6, AR model then did not predict this rapid change 
during a few days. 

Table II shows the mean ± SD of correlation coefficient and 
the determined order of AR model. We obtained 0.798 ± 0.073 
in the average. 

IV. PREDICTION METHOD BY FUZZY-AR MODEL 
The orders of AR model are different from person to person. 

The order would represent a cycle of body weight of 
individuals. By calculating the order, p, we will predict body 
weight change of next p days.  

To find the weight cycle, we employ 100 subjects and 
determine the order for each subject. All subjects are ranged 
from 24 to 79 years old (male: 87 and female: 13). Fig. 7 shows 
histogram of the orders. In Fig.7, the peak frequency is 3 or 7 
and their neighbors. Also, 14 is larger than its neighbors. From 
these results, we consider that the frequency is 7 days as the 
highest peak and 3 days as the second. Especially some persons 
have 14 days. We propose a Fuzzy-AR model with a fuzzy 
membership function. The fuzzy membership function defined 
from the order, p, where the order is individually determined as 
the highest frequency of the AR model. The notation tx denotes 
the current point. Fuzzy-AR model is defined by (4). 

Table I 
Subjects Data 

Subject Sex Age Range of body weight 
change (kg) 

Height 
(cm) 

A Male 35 66.6 ~ 71.1 180.0 
B Male 35 68.7 ~ 79.4 173.0 
C Male 39 74.8 ~ 88.3 176.0 
D Male 36 60.6 ~ 65.2 157.0 
E Male 41 95.6 ~ 105.0 175.0 
F Male 36 65.3 ~ 69.1 174.5 

 
Figure. 1 Prediction result in subject A 

 
Figure. 2 Prediction result in subject B 

 
Figure. 3 Prediction result in subject C 

 
Figure. 4 Prediction result in subject D 
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Here, x(t) means the measured values when t < tx, and does the 
predicted values when t  tx. The notation d denotes a predicted 
day parameter during 1  d  p. The notation w(d) is fuzzy 
membership function defined by (5). We calculate minimal 
(Wmin) and maximal (Wmax) weights from the last p days data 
from tx.  

minmax

min)()(
WW

Wdptxd x
w −

−+−=μ  (5)

Fig. 8 shows an example of fuzzy membership function with p 
= 3. Also, Fig. 9 shows an example of fuzzy membership 
function with p = 7.  

V. PREDICTION RESULTS OF P DAYS 
In this experiment, we first employed subject C and subject 

D in Table I. We consider 6 days body weight change data of 

subject C because the order is 3. Fuzzy membership function 
was made by body weight data from 1st to 3rd days, and we 
predicted those from 4th to 6th days. We compare the 
prediction results of Fuzzy-AR model with AR model. In AR 
model, we use body weights from 1st to 3rd days. Furthermore, 
we extracted 14 days body weight change data of subject D 
because the order is 7. Fuzzy membership function was made 
by body weight data from 1st day to 7th day, and we predicted 
next 7 days. We compare the prediction results of Fuzzy-AR 
model with AR model. In AR model, we use body weight of 
last 7 days. We evaluated these prediction results by 
correlation coefficient between predicted values and truth 
values. We tested these models 100 times and calculated the 
mean and SD. 

 
Figure. 5 Prediction result in subject E 

 
Figure. 6 Prediction result in subject F 

Table II 
Prediction Results 

Subject Order of AR model  p  Correlation  coefficient 
A 8 0.734 ± 0.014 
B 9 0.872 ± 0.015
C 3 0.906 ± 0.013
D 7 0.807 ± 0.013
E 10 0.734 ± 0.033
F 8 0.733 ± 0.013

Average - 0.798 ± 0.073 
 

 
Figure. 7 Histogram of order of AR model 

 
Figure. 8 Example of fuzzy membership function (p = 3) 

 
Figure. 9 Example of fuzzy membership function (p = 7) 
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Fig. 9 shows prediction result using Fuzzy-AR model in 
subject C. The correlation coefficient was 0.571 ± 0.413. Fig. 
10 shows prediction result using AR model in subject C. The 
correlation coefficient was 0.232 ± 0.615. Fig. 10 shows 
prediction result using Fuzzy-AR model in subject D. The 
correlation coefficient was 0.542 ± 0.187. Fig. 11 shows 
prediction result using AR model in subject D. The correlation 
coefficient was 0.176 ± 0.341. Thus, the accuracy using 
Fuzzy-AR model is higher than that using AR model.  

VI. CONCLUSIONS 
In our study, we predicted body weight change based on 

AR model. We predicted body weight change of 6 subjects by 
AR model. We tested AR model 5 times and calculated the 
mean of correlation coefficient. As a result, the AR model 
obtained 0.798 ± 0.073 in correlation coefficient between 
predicted and measured values. Next, we determined body 
weight change cycle from 100 persons data. Then, the peak 
frequency is 7 days. Next, we propose a Fuzzy-AR model for 
body weight data from last p days, where p is the order of AR 
model, and we predicted next p days. As a result of 2 subjects, 
Fuzzy-AR model obtained 0.558 ± 0.317 in correlation 
coefficient. This value was higher than AR model (0.204 ± 
0.497). Thus, Fuzzy-AR model accurately predicted body 
weight change of next 3 or 7days than AR model. 

In the future, we will improve prediction accuracy by 
considering the other attributes such as calories and athletics. 
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Figure. 9 Prediction result using Fuzzy-AR model in subject C

Figure. 10 Prediction result without using AR model in subject C
 

Figure. 11 Prediction result using Fuzzy-AR model in subject D

Figure. 12 Prediction result without using AR model in subject D
 

78.5

79

79.5

80

80.5

81

81.5

82

0 1 2 3 4 5 6 7

B
od

y 
w

ei
gh

t (
kg

)

Number of days

truth value
Fuzzy-AR model

78.5

79

79.5

80

80.5

81

81.5

82

0 1 2 3 4 5 6 7

B
od

y 
w

ei
gh

t (
kg

)

Number of days

truth value
AR model

63

64

65

66

67

0 2 4 6 8 10 12 14 16

B
od

y 
w

ei
gh

t (
kg

)

Number of days

truth value
Fuzzy-AR model

63

64

65

66

67

0 2 4 6 8 10 12 14 16
B

od
y 

w
ei

gh
t (

kg
)

Number of days

truth value
AR model

1025



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /WorkingCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 400
        /LineArtTextResolution 1200
        /PresetName <FEFF005B9AD889E367905EA6005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


