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3.1. Hiolg] AA 2

3.1.1.

Al

=

A HolH &%

SVEEN FHHE AT, FY SR, A3, Aol
x5 AA delHE 4 718 U5 s, A4
FAEE dolE e Bl AW (time stamp) = AAGA o BA

gtk ol ArkEE SQGAAY e MM Ao] WA Q%

ot

Aol A7 o

2 gga7) 98, g W CE:

Gapste] Lhux A4 HlolEE ol BT
X

< 7SS AA S Aol R AT AA L FRl AAF AAIE

(join) A4S

i

53 Bl AR Zhe 44 Hlolg
A ZHEE AA ]

Accelerometer Gyroscope
Time stamp Ay Ay A Time stamp Gy Gy G

1471417192.88] 7.720103) -2.30562] -0.03232| 1471417192 39 -1.58191) 0602313 0563105
147141719303 7.358579 -37643¢ 1.51193§ 1471417192.03 -2.34694) 0591863 -0.03299
1471417195.04) 1248421 -5.04502) 8063671 1471417153.03] -2.07242] 0.024435 1490511
1471417193.10) 14.39155) -2.27569) 7.674614) 1471417193 04] 0085521 _1.37304] 2014834
1471417193.12] 11.67173) -3.62602) 3676691 147141719310 1.926668) _1.85314] 1810605
147141719314 1002692 -1.35272| 1.805225 1471417153.10) 3.50861 124372 0377515
1471417193 16| 1350928 -0.84092) 0672771 147141715312 3370755 -0.55521 0.009774)
147141718318 1471117 -1.80339) -0.331§ 1471417193.14] 2.74645] -0.19426) 0232129
1471417193.20) 1380505 -5.21062] -1.04148] 1471417193.16] 2.034187 0438523 0148051

Time stamp Ax Ay Az [ Gy Gz

1471417192.58) 7720103 -2.30562 -0.03232 nul| null null

1471417192.89 null null rull -1.59191 0602313} 0568105

1471417193.03 null null rull -2.34694 0591363} -0.03259

1471417193.03 7.358579) -3.76488] 1511938 -2.27242 0024435} 1.490511

1471417193.04) 12.46421 -3.04902 8.063671 0.085521 -127304] 2014634

147141719310 14.39155 -2.27569 7.674614] 1.926669) -1.86314] 1.810605

147141719310 null null rull 350881 -1.24372) 0377515

147141719312 null null null 3.370755 -085521 0.008774)

147141719312 11.67173 -3.62802) 3.673691 null null null

1471417193.14) 10.02692 -1.35272 1.505228) 274645 -0.19426] 0.232129)

1471417193.16) 13.50928 -0.94092 0.672771 2.034181 0.439823) 0149051
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I8 88 B R AA HlOlE 4,44, 8 Ae]RATE
AA EOTH Gy, 6y, 6,0 A B AREZIE AR AAEA] o A

= = 7 Atk oled SAS e 7 AA dHolHE Sdehr] 4

 71&E% AlA HolEHE VFowE X AANS FEEa, 104
g TAd3 ge A"MaZ yjzow T oAl dHolErt AR

ol w, s B Amze] gho] Q& B A5k (nul) &2 FEAE)

[e=]
AN

O othe SO, WAQ AN HelHd A F7)F 50H.E
e e E

7ro] 20mse w7 B 52 2A4sta, 2

S 7P 2AT ol AlA HlolE grem e gtk 1 oA

Time stamp Ay Ay Ap Gy Gy Gz
1471422894.13 5432444 -B.63314] -0.42258 1.310917| -0.25779 -0.3921§
1471422894.15 null null null 1.506394) -0.10873| -0.39951
1471422894.15 6.299145 -8.85129 -0.31963 nul| null null
147142289415 5663419 -11.8597 0.205501 1.683545 -0.07086 -0.38729)
1471422594.21 6.818687, -5.45153| -458131 1.037249 -0.69394) -0.25168
147142289422, 5.583001 -5.39954| -1.46765] nul| null null
1471422894.24) 576637 -0.38586 -1.63644) 0.831998| -0.63774 -0.24068
1471422594.26) 5663419 -0.06924] -1.45089) 0.075747] -0.25779 -0.1686
1471422894.27] 7.806294) -7.54652] -0.05986) nul| null null
1471422594.28 7.806294 -7.54652] -0.05986 -0.21869] 0.109958] -0.01466
147142289425 7.73804| -6.61877 -0.19632] nul| null null

Time stamp Ax Ay Az Gy Gy Gz

16-08-17 8:34:54.140) 5432444 -6.63314| -0.42258 1.310917] -0.25779 -0.39218|
16-08-17 &:34:54.160) £.299145) -8.88129 -0.31963] 1.310917] -0.25779 -0.39218|
16-08-17 8:34:54.180) £.299145) -5.88129 -0.31963] 1.310917] -0.25779 -0.39218|
16-08-17 &:34:54.200) B.663419 -11.8597 0.205501 1.683545] -0.070846( -0.38729)
16-08-17 8:34:54.220) £.518687 -5.45153 -458131 1.037249) -0.59394] -0.25168
16-08-17 8:34:54.240) 3.76637 -9.38336| -1.63644) 0.531995| -0.63774 -0.240688)
16-08-17 &:34:54.260) B8.663419 -9.06924| -1.45089 0.075747| -0.25779 -0.1686
16-08-17 8:34:54.280) 7.506294 -7.54552 -0.05986 -0.21559 0.109954| -0.01466)
16-08-17 &:34:54.300) 7.73806 -6.61877 -0.19632] -0.21559) 0.109958| -0.01466)

19 9 % AA dHoly =3 F7] 23 2%
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3.1.2. dlol¥ A3}

F4 8% 2 A4 deldE 1 @ke Wk A= Er) uE
of Bita Hgol Bestch ¥ ATelqE AitE FHow 7} A
A delE e x, v, 2% @ U B W3 EEARD s -

M P, BEAAE T

A

score standardization 42 8y sit},
g o= &5 dlolHuke AREetH, FElld H, RTHAE 9
g5to] g5 W AT o]y o AtstE 8yt

= AlA ElolE o] Fatst AXE 19 100 HERSlth
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Time stamp Ay Ay Az sin(0p) cos(0r) sin(0r)
16-05-17 8:34:54.140| -3.579331§ 3.1423595 6.9599442 -0.3725995 0.56692914 04573411
16-05-17 8:34:54.160 -3.5338416 24803930 8.6622220) -0.2562771 0.925591 34 0.3777358
16-05-17 8:34:54.180] -3.6140475 24911668 91362730 -0.2457739 0.9295200] 0.3678375
18-058-17 8:34:55 260 045312345 0.5770024 88677025 -0.0533051 0.99585130] -0.0437108
18-05-17 834:55 280 10235212 1.2449849 8.5449060 -0.1431746) 0.9929025 -0.1189313
18-058-17 8:34:55.300 10702082 21715410 79152308 -0.2623526) 0.9909525) -0.1339595

Time stamp Ay Ay Az sin(0p) cos(0,) sin(0,)
16-08-17 8:34:54.1400  -1.9618578 03986355  -0.7113012 -0.5930214  -046582403 23121237
16-08-17 8:34:54.160] -1.9451812 -0.0371481 -0.0241449 0.1013001 -0.10213598] 20272035
16-05-17 8:34:54.180 -1.9745845 -0.0300559) 01672147 01639330 -0.0623873 1.991777.
16-05-17 8:34:55 260 -0.4732580 -1.2801247) 04624699 1.2529797] 0.62661359] 0.5008542
16-058-17 8:34:55.280 -0.2744552 -0.8504009) -0.0715017] 0.7764003 0.5675309) 0.2493538
18-058-17 8:34:55.300 -0.2573408 -0.2404513) -0.5256519) 0.0650361 0.5453399] 0.19565813

I3 10 £ AA dlolE A3t A

% 10904+ Ay 4y, .,sin(0,) ] 7 S EE Pty 2FEA
= 7% F, @ "oy gtelN Hos wiil EFHAE Yire A
T3t Bgs ST 1 Az 7 Fo] 3k " A2 FAR

b Aitshd 2 A4 dHolHE 37 REA 4w 7o) 4
Aol Qg5 4 Qi AR~ dold Few Aga B A

stk ol & flall A Aol &ghold X9 (sliding window) &
T33tal, 50%2 Y= 2™ @ (overlapping) & A §38to] AlAA
delg =z Westty, & A= Ax9 A7]E 150, 300, 450,
600, 7507H= thekstAl Akl o, 50Hze 3 WEE 188t

u°1'
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AlEL HOE 1

Sliding

no Time stamp Ax sin(0y) Windaw Time stamp Ax - sin(0y)

1 16-08-17 8:34:54.000] -3.5793316 05882914 (size:150) 16-08-17 8:34:54.000 -3.5793316 08892914

H 16-08-17 8:34:54020] -3.5338418) .. 0.9255134] | [eeeemeeeeneeeeeenen 16-08-17 8:34:54.020) -3.5338416 .. 05259134
74 16-08-17 834554600 04712458 .. 05975412 16-08-17 8:34:56.960 -1.9618578 . 04682403
75 16-08-17 83455450 0481234¢] .. 0.998513 16-08-17 8:34:56.980] -1.9451812) . -0.1021398|
7% 16-08-17 &:34:55.5000 1.0235212] .. 0.592025
77 16-08-17 8:3455.5200 1.0702082] .. 05902828 AlZA HolE 2

Time stam| A . sin
149 16-08-17 8:34:56.960] -19618578 .. 04682403 2 - Gy
16-08-17 8:34:55.500 1.0235212 08522025

150 16-08-17 83456080 -1.9451812] .. -0.102139g)

16-08-17 8:34:55.520 1.0702082 03903828

151 16-08-17 &:34:57.000] -1.97456898) .. -0.0623873
152 16-08-17 B:34:57.020) -1.9542467] .. -0.1245754)

16-08-17 8:34:58.460 12901247 .. 04624699

- 16-08-17 8:34:58.480) -0.3504009 . -0.0715017]
224 16-08-17 8:34:58460] -1.2901247] .. 04624659
225 16-08-17 8:34:58450| -0.8504008) -0.0715017]

226 16-08-17 B:34:58.500( -0.2404613 03256815 AR~ HOolH 3
T -08- 34 - - - -
22 16-08-17 8:34:58.520] -0.1245741 04512457 Time stamp a B sin(0,)

o e - 16-08-17 8:34:57.000 15745846 N -0.0623873
299 16-08-17 8:34:58.960] -0.473258 06266159 T e | R R e
300 16-08-17 8:34:50.580] -0.2744562] .- 05675309

16-08-17 8:34:59.960) 04732550 - 06266159
16-08-17 8:34:59.880 -0.2744562 . 05675309

19 11 £ AA dole e AJAA Holg HE <A

a" 1194 E8old =59 2715 150, & 3x=2 44
shlow, 6% wFo & AlA vlolHEAE 3719 AlEA Heold
7F AR e & 5 vk o] el AdE Al dolE 74

7k shbe] Rt o] gw) sle AR Q9.
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st& Fall 2t Al HolEE 54 Aol @dh

H Aol TSR AlA dHolH x, y, zF #hell g L2-
Norm#te -3t §, st A[AX dolE yolA el Azt Fel g 3
I, XTHA,  FHSEH,  10percentile, 25percentile, TG4t
75percentile, 90percentile, HHAZL2] 97FA] EAAZ Fsto] 3
3l Qo7 ARg-3r)

T %, w5l A Q9o K-Means w3 71ME A&
shel Z17ke] AlAA HolHE 54 £Aow dddrt of u, 24
o A4 3,5, TR thrakA AAeT, ololAE AWS el 4
Ao 23 A5E FEAT
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— Y
Time stamp Ay Ay Az L2 — Norm(4)
16-08-17 8:34:54.00 5.432444) -6.83314) -0.4225: 8.584205
16-08-17 8:34:54.02 £.299143| -5.88129 -0.31963] 10.69306 W, G, min ]
16-08-17 8:34:54.04 4451423 721142 ~042456) 8.485297 10p é5|.') me:dian =
16-08-17 8:34:56.54 8.663419) -9.06924] -1.45089) 12.62581 75p, 90p, max J
16-08-17 8:34:56.96: 7.806294] -7.54652) -0.05986] 10.8578
16-08-17 8:34:56.95 7.73606] -6.61877] -0.19632) 1018451 K-Means
233
[
Time stamp Ay Ay Az L2 — Norm{A) 7| =]
16-08-17 10:21:11.00¢ 8663419 -11.8597] 0.205901 14.65542
16-08-17 10:21:11.02¢ 6.818637] -5.45153 -458131 1178606 u, o, min -
16-08-17 10:21:11.04 8.76637] -9.38886) -1.63644) 12.94905 10p, 25p, median s
: i ] 3
5 : = 75p, 90p, max J
16-08-17 10:21:13.94 2.142437] -5.74122 -1.47523) 1273461
16-08-17 10:21:13.961 10124865 -6.95154) -3.74523) 14.0239
16-08-17 10:21:13.981 8.987425] -10.64785 -247852] 1415251

a¥ 12 2R3 29 B ¢ FHE A4

78 128 ®Y, EF AFDA HolEHY 7tEE AlA o]
Ay Ay, A, 718 L2-Norm#ts 778 & 33t 9Qls A4dste], A
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Regression e ;|
Layer 00---®
Recurrent
Layer 2 LSTM LSTM e LSTM LSTM
Recurrent
Layer 1 LSTM LSTM LSTM LSTM
t=1 =2 t=T-1 =T
Sequence Time stamp | Ax | | sin( 0y ) |
data ) o W T e L [ —3.5?93316| | 08592914
16-08-17 8345402 -35338416f . | 09259134
[ |
16-08-17 8:34:56.96( -1.9618578] | -04682403——
16-08-17 8:34:56.98( -1.9451812| | -01021398

3% 14 397 719 €3 AP 7=

A A Aol BEE AHEA HolH = AR ol wet
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=9 39 2% 2 (error)
2 Al 2k (squared error) & AFEStth x & AA AA R (F],
w5, 25 39 23, 05 39 BP9 UheAE vEkd o, ¢
A AxBIxof Y 37 Ao 5 12 24 (8)F Po] Ao F),

I(x,%; 0) = (x — £)2 (8)

sy WA e 2718 Nelebn @ w, wy o] &ahi N9
dole QlaElag] A AA Au N 57 A geNo] o
g 89 A3k oF L& 54 (9% gol st

N
1
L(©; 2, 2Ny = 3 1(x,%;6)
n=1

©)

1 N
33w
n=1
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4.2.1. A
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ook A7l 7Y £ AAEE EAA golHyy
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A7) 7] F7] 719 7 i 10
T3 N 7y H gk 1.0
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A AR FE RES 3 BRPoE FUF AuEE Hf 4
2} (Mean Absolute Error, MAE) ¢} 1t Al 22k (Root Mean
Squared Error, RMSE) & A&t B+ Al @ak= 2 (10) &
2, 3 AFS 23k 2 11D ox Aot o u, yx= 94
xpo]l AA 7] (FFA) ol = A AR FE R¥YS FI F

29 71 (&FFAD, n JAPAE] ol
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g AlA HolHE AR me}
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Abstract

A Deep Learning Based Method
for Inferring Height and Weight

Using Multimodal Sensor Data

Sookyo In
Industrial Engineering

The Graduate School

Seoul National University

As smartphones are widely used and various smartphone
applications are released, interest in personalized services is
increasing. A smartphone user's biometric information is a key
feature to representing the individual and can be used for
personalized mobile marketing and advertising. It can be also
used in healthcare applications for personalized services.
Therefore, in this study, a deep learning based method for
inferring height and weight using multimodal sensor data is
proposed.

The proposed framework is based on LSTM RNN. First, in
the data preprocessing process, the multimodal sensor data
collected from the smartphone are synchronized to the same time
stamp, normalized, and converted into sequence data. The
transformed sequence data undergo a clustering process through
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which only data useful for inferring biometric information are
extracted. The preprocessed sequence data become the input for
LSTM RNN, and the networks have the regression result of the
biometric information on a specific sequence data as the output.
LSTM RNN extract the features useful for inferring the biometric
information from various sensor data, and learn the long—term
dependencies from them by itself. Finally, the biometric
information of a specific user is estimated by averaging the
regression results of all the sequence data belonging to the user.

A smartphone application was developed to collect data from
26 smartphone users. The proposed method was evaluated by
using this data. The result of height inference was improved by
41.0% with respect to RMSE and 42.4% with respect to MAE

compare to the point estimation method. Also, that of weight

inference was improved by 27.9% with respect to RMSE and 31.5%

with respect to MAE.

Keywords: biometric information, smartphone multimodal sensor
data, deep learning, LSTM, machine learning
Student Number: 2015 - 21149
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