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Robust User Activity Recognition using Smartphone Accelerometer
Sensors

Jeon Myung Joong" - Park Young Tack™

ABSTRACT

Recently, with the advent of smart phones, it brought many changes in lives of modern people. Especially, application utilizing the
sensor information of smart phone ,which provides the service adapted by user situations, has been emerged. Sensor data of smart phone
can be used for recognizing the user situation, Because it is closely related to the behavior and habits of the user. currently, GPS sensor
one of mobile sensor has been utilized a lot to recognize basic user activity. But, depending on the user situation, activity recognition
system cannot receive GPS signal, and also not collect received data. So utilization is reduced. In this paper, for solving this problem, we
suggest a method of user activity recognition that focused on the accelerometer sensor data using smart phone. Accelerometer sensor is
stable to collect the data and it's sensitive to user behavior. Finally this paper suggests a noble approach to use state transition diagrams
which represent the natural flow of user activity changes for enhancing the accuracy of user activity recognition.

Keywords : Smart Phone, Accelerometer, User Activity Recognition, State Transition Diagram
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Table 1. Sample rate of accelerometer sensor

Model Name Chipset Pattern/PIN | Sample Rate
Nexus One Snapdragon S1 5/5 ~ 25Hz
G2 Snapdragon S2 6/6 ~ 62 Hz
Nexus S Hummingbird 1/0 ~ 50 Hz
Droid Incredible | Snapdragon S1 0/1 ~ 50 Hz
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Table 3. Calculation of vertical component

D Projection

ai *Vnorm _

2 norm

pro] norm —

| vnorm

@ Inner Product
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|Vnorm |2

@ Vertical Component
— __ _in
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Table 4. Calculation of horizontal component
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9 > 10.0647: car (100.0/9.0)
Right Samples : 91

Probability : 91%

5 1z car
+37891: car (483.0/24.0)

7 3t subway (173.0/72.0)
7 > 1.123: car (547.0/90.0)
10.5362: car (2698.0/29.0}0———

9 > 10.5362: car (2698.0/29.0)

Right Samples : 2669

Probability : 99%

Fig. 15. The analysis of decision tree model
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Table 5. The experimental data

Galaxy 3
Total H| a1
Pocket Hand
Walking 2,132 2,033 4,165
Jogging 2,214 2,114 4,328
Bus 2,133 2,124 4,257 Bus, Car
Stay 1,812 2,121 3933
Subway 2,056 2,050 4,016 Line 2, 7, 4
Total 10,347 10,442 20,699
TS shgatr] flsl of 2vl Ao 7hEE wleolE Al
5 8tk Table 5914 F43 vlelee] F/E <&
T v 7 BeER oF 477Ke dolEE sl e,
4 A FY g 9 F ERE Ure] £As9h Bus

_Z,__
o 74 WolE: Cardl WlolEIS} sl D
9

Subway ¢ 7[5 % HolE & 734, 284 4542 HolH

R d o] H7k= 10 Folds Cross-validation 4]
/‘FQ“} E1r H2E 13 3 £d Ao 227 19 2
A of 2wkl el HlolEl & ARE-SHOE 200070 7t HI2~E
0% moln] 1800717 £8 Wiom zelt,

o

42 AE 2ot
oA A3 AdE 39 QX mEe] HFIrE =
Al 2k a2 P9 AR FEed 7dETt =2 5AE
& Zol 1 o|frel dja MAHgith zEla 22 3HHA
e TR A% vm Pr) SR =3 g ol
AR /F 9 B9 AA AREE SR s
2 2Ed2 B2ES Sole] 24BN A S
Ag goler}
Table 6. Accuracy of decision tree
Precision Recall F-Measure Class
0.874 0.857 0.865 stay
0.741 0.944 0.942 walk
0.994 0.998 0.996 jog
0.972 0.907 0.917 bus
0.782 0.809 0.795 subway
0.905 0.904 0.905
Table 7. Confusion matrix of decision tree
stay walk jog bus subway
3370 9 0 70 434 stay
28 3931 19 24 163 walk
0 9 4318 0 1 jog
81 36 2 3862 276 bus
377 194 3 212 3320 subway

$19] Table 69 Table 72> a9 A 4o AHIL=Z
HojFErh Ao 90% FEe s welnh FX
subway 2o ALE ALl 80% ALulo] oF Hth
Table 11914 2™ subway HolE ¢ A$ FE stay
walk, bus & &% AAH = A7t gk

Table 8. Contribution of the features

Ranked ﬁgﬁszﬁ Component feature
1.669 3 Vertical T5Percentile
1.664 4 Vertical InterQuartile
1.553 1 Vertical Standard deviation
1.405 5 Horizontal Standard deviation
1.392 8 Horizontal InterQuartile
1.364 2 Vertical Zero—Crossing Rate
1.344 7 Horizontal T5Percentile
1.301 9 Cross—Correlation
0.65 6 Horizontal Zero—Crossing Rate
99] Table 82 54 %5 /=S ¥ + 9 ol
2ol=

o fle] A3 Wekaold 54 H7he ] wol
o

e Agadn. £4 B71) “InfoGainAttributeEval’ &
Agetgon B4 g5t ‘Ranker's ST B AT
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2 o4t Bl Ao BE 7]oE i eS¢ Itk Table 9= 7 @9l T3t GEw=E AT e
Goge ER mEAds AR AsAe A9E T o] A4 54 @ 228 et
Bt 488 5498 ¢+ A

AMAA Egle] EES Ao aA mE A AE Table 9. Representative node of activity recognition model
¥ 54 @GEY FREE dotE F vk ob# Fig. 18% Structure of Decision Tree Model
Fig. 19 9AAA Eg] 71wk 99 A 2dg vehd 1. Stay Activity
adelth. zt R dEA G m=E go} JMERE
HolEl7} ojm 3 54 @S 74 9 wed mdaeds IF IQR_V <= 1.7477 THEN

IF IQR_V <= 0.047925 THEN
IF 75Percentile_H <= 1.0229 THEN

LS

Uk Fig. 189 Fig. 19.014 QAMZA Egle] 49 == return Stay
& T 54 @2 AT HRIQR) W A&
(ZCR) olth. 2 SIEAQ @ wEi qRE 54 9 2. Subway Activity
IF IQR_V > 0.047925 THEN
IF IQR_V <= 0.047925 THEN
stay (2701.0/ 76.0) IF CrossCor <= 10.1491 THEN
IQR_V = IQRV > 75Percentile_H IF ZCR_V <= 0.39 THEN
IF 75Percentile_H<= 1.1743 THEN
IF 75Percentile_V<= 9.8797 THEN
return Subway
3. Car Activity
IF IQR_V > 0.047925 THEN
IF IQR_V <= 0.047925 THEN
IF CrossCor > 10.1491 THEN
IF STD_H > 062533 THEN
subway (16600 / 130.0) IF CrossCor > 10.4278 THEN
IQR_V =2 IQR_V = CrossCor & ZCR_V return Car
—> 75Percentile_H > 75Percentile_V
4, Jog Activity
o - - IF IQR_V > 1.7477 THEN
Fig. 18. Analysis of activity recognition model #1 IF ZCRV <= 0073333 THEN
IF 75Percentile > 13.7222 THEN
return Jog
5. Walk Activity
car (24820 27.0) IF IQR_V > 1.7477 THEN
IF ZCR_V > 0.07333 THEN
IQR_V = IQR_V = CrossCor IF ZCR_V <= 0.14667 THEN
= STD_H = CrossCor return Walk

Table 10. Accuracy of Support Vector Machine

Jog 42290 / 110) Precision Recall F-Measure Class
IQR.V & ZCR_V > 75Percentile V 0818 0.864 0.841 stay
0.948 0.94 0.944 walk
walk (2218.0 / 126.0) 0959 1 095 o
RECHTEER Vorach Y 0.935 0.893 0913 bus
0.773 0.773 0.773 subway
Fig. 19. Analysis of activity recognition model #2 0.897 0.89% 0.89



Table 11. Accuracy of BayesNet

Precision Recall F-Measure Class
0.858 0.81 0.833 stay
0.891 0.957 0.923 walk
0.999 0.995 0.997 jog
0.853 0.827 0.84 bus
0.7 0.71 0.705 subway
0.862 0.862 0.861
Table 12. Accuracy of Neural Network Fig. 20. The screen of using state transition diagram
Precision Recall F-Measure Class
HE X o] X 2 1Rz=
0813 0531 082 oy Table 104; ] Tal:;le 13 744 5711]4Eﬂ 1% Z}L] ?;_O };
AHgatel AewE WrlsfEskth dEHe 54 e &
0.945 0.929 0.937 walk ;i:ﬂ}j o e J‘Eﬁ]fttg; N ]] a8 A jf} -
A Ed Y= sh7 3 3= &
0.997 0999 0998 jog . o et S
0925 0.871 0897 b @A e e el
; : : o BE FRAA WAR 80% Fue] AREE mYr)
0 0L o subway 223 Subway o A, tlREel FRANA drjHes
0.889 0.887 0.887 A8t Rk WoR Walk, Jog o A9 dolee) 5
ol ] Wit =& ALEE EArh
Table 13. Accuracy of Logistic Regression T v A3 549 FR7E EASAAT 7| EA S
) 5 SEO = AL =X
Precision Recall F-Measure Class = mde] Aot g vAE A2 Fud Fe dol
X s 503 - Blsh mol27h A8 doleE ALga Aot 2 Al
0.914 0.926 0.92 walk }\—15:— %“Ejfﬂ' H]O] Ei% /\]"g‘—él'o:‘ tHl?qT,‘}_O,] ?%X}% R g
3] o HITZ 1Y
0.998 0.998 0.998 jog do A e AFLE B
A} o =] Z AT RAIghom H
0.877 0.725 0.793 bus OEH 78_0] »’—-"] }\}-%Cq—l‘oﬂ ujf'\—- 7(0 = - 7(0 o;il-—AE R
Sk 2] o) =o0l3l o S o =Eo] Hl
0.653 0.646 0.649 subway '101'7]‘7}: 'EIX] \—6‘4’.— D]'E[l— €] E\—l— 63"’101] EHOH »J—'IT"l RS
0.841 0.837 0.837 E #EAFoEA HAYLE /15T 4 Utk Fig 202 )
Table 14. Stress Test #1
No. list of test the number result
of test
1 When standing in the subway 13 There is some dlffere.nce in speed, but Properly
recognized subway
9 When sitting in the subway 13 There is some defer(?nce in speed, but Properly
recognized subway
3 When standing in the bus 5 It is recognized 1mme.d¥ately, and no problem
recognizing bus
4 When sitting in the bus 15 It is recognized 1mm§d?ate1y, and no problem
recognizing bus
.. Does not recognize exactly
5 When standing in an escalator or elevator 20 ..
(Recognizing subway or stay)
6 When turning on the Action Logger in the subway 13 Alter starting the subway, recognized the subway
exactly.
7 When turning on the Action Logger in the bus 15 Afte.r starting the bus,
recognized the bus exactly.
8 When operated for more than 4 hours, whether to 20 There is no if the mobile phone is turned off.
work or not,

KIPS Tr. Software and Data Eng.
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Table 15. Stress Test #2

No. list of test the number result
of test
9 When the bus stops du? aL(i a signal light or traffic 13 No problem to recognize the bus
10 ‘When boarding the bus for more than two hour, is 13 No problem to recognize the bus
there any problem?
m When waiting the bus or subway at the bus stop 15 Most recognized correctly but sometimes recognized
or subway station subway
Result of activity recognition at the daily life No problem to recognize the bus and subway but there
12 . ; 15 . . . -
including bus or subway is a difference in the speed of recognition
13 When entering into the building after alighting 20 Order is all right
from the car or bus (Bus —> Walking —> Stay)
v When walking down from the underground parking 13 Order is all right
lot in the car(bus) (Bus —> Walking)
_ When going out to the outdoor after riding the . ..
15 car(bus) in the underground parking lot 15 After 1 or 2 minutes, recognizing the car(bus) exactly.
16 Can it recognize the bus at rush hour? 20 No problem to recognize the bus
Aol o Abgeliol WE A9 A oF WEE wo e AFuA @k FFolr] Wl gl WS
2 gle 4 )y 9% e G Ho|mE AMEEHA of SF7F AT I AMEAF Ag Ade] TAHRIL
Rohe ATe aezeln eEE admE AL A AU AAAA g S A9 AA9 S8 meh
o agzele, Jul Aol=E AT Bk u, Bus 1} Fig. 21& AH§A 49l 7 $-gzzage] 4442 A
Subway Zc_‘% 9= Wiy A xe A& B 5k §HA &2 Qe H o] ~olty, AFo] siHdE P AAE AlZ
B Aol A§d TALE AN wol27k A HA ¥ & olE HUeR A% A AN g |
Sl FERA] mnge Hdo JEHE YEidS & F 9 A5 AR st 3 Frh g SEF 99 1
o gE| AolEelN £V A%, WEA Walk ot Fe BAY ASA JUF /1SAE HAL PiE YUz
JogE AAHoFsl7] wiipel A% T Z MY Stay HEE B ot QEF oy I¥2 I AAOE A
Aed 5 8l Ao H9E slwuy P moFd. 1l dwe] B
EATIEE NOR T A8 A4 A olEY 2 A GPSY OlEE £AR gl Kow S
Aol AL ALg3te] Table 14, Table 159 % 16714 =& 7VeetH HA 02 UERdT
H2~Esgitt ol ~ddolevt dafu] o H g5 e oje} e ? 35 S AMEAEY] 9] AE RS wo
2 B 4 gon aen F9d Aa 49l dolE:
5 - T OE A4S dEE FEZ e )bkl "
SSU Release (2012.12.17)
‘ 2 i _1_MDSLog txt .
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Fig. 21.

The application Ul of user activity recognition
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