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Research and Design of Smart Phone Sensor-based
Context-aware System

TaiHa YoonT, Sungwook Yoon“,

ABSTRACT

Jooyoung Kom, Hyenki Kim'

T

This paper describes the design and implementation of situation recognition system with smart phone
sensors, which recognizes the dangerous situation at anytime, anywhere through intuitive data analysis
of the combination of the sensor. The implemented system consists of wearable heart rate sensor and
acceleration sensor of smart phone instead of existing sensor that is attached to the body. It is also
designed to get more effective results of recognition about the dangerous situation using merged

displacement values of acceleration sensor and heart rate sensor which are measured in the process of
recognizing dangerous situations. This research, in accordance with the wide penetration of smartphones,
achieves the fast status determination through the combination of an acceleration sensor and a heart
rate sensor applied to its own status perception algorithm for anyone who needs the stable perception
of risk without the need for a separate provision of the sensor.
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Fig. 1. Situational awareness system schematic di—
agram,
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Table 2, Acceleration sensor measuring situation awar—

eness
s General Dangerous
Division K . . .
situation situation
Walking status Sensors Sensors measure
Running status measure changes in the
Danger status changes difference
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Fig. 2. Sensor—based context—aware smart phone configuration,
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Table 3. Acceleration sensor, heart rate sensor utilization data for subjects

Division Subjectl Subject2 Subject3 Subject4
The age 48 years 41 years 17 years 15 years
Sexuality Man Women Man ‘Women
Stature (cm) 171 158 174 158
Body weight (kg) 65.5 55 66.3 60.4
Walking measure (Minutes / Count) 2/ 50 2/ 50 2/ 50 2 /50
Running measure (Minutes / Count) 2/ 50 2 /50 2/ 50 2 /50
Danger measure (Second / Count) 20 / 50 20 / 50 20 / 50 20 / 50
The average resting heart rate 66.5 bpm 77.8 bpm 62.9 bpm 66.4 bpm
The average normal heart rate 76.9 bpm 90.7 bpm 77.6 bpm 78.8 bpm
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Fig. 4. Change distribution diagram of the experimental
situation,
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Table 4. Accelerometer X, Y, Z axis mean value unit occurred 25fps

Xiva X Xp.a Yiva Yia Ypa Ziva ZRa Zpa
-0.717 -1.603 2.214 9.907 8.039 2.445 -0.831 -1.781 0.905
-0.588 -1.685 1.759 9.426 7.959 3.090 -0.858 -1.624 1.093
-0.897 -1.592 4.345 10.130 7.710 4.753 -0.869 -1.640 -0.021
Xy .<n Xp.<n Xp.<n Y. <n Y,.<n Y, . <n Zyo<n Zp ,<n Zp . <n

Table 5. X—axis the average and standard deviation for TEZAIAM XY, Z ZF Sl A WA A7) w7,
each condition A% Fol B AA G 4G TAZeNA FAY
Division Walking | Running | Danger < 3tk Fig. 5= X&= W3l 18 =2 Yl 1, Fig.
Average -1.040 -1.835 2.798 6L Y9 W3} Fig. 72 7Z=9] W3} agz=o|y
Standard Deviation | 0.235 0.194 1.164 zZyzkol A7), W7, 9F Ao gz S JeRATE

43 7t&E MM Xtz =20 Qs HERIX|
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Fig. 5. Changes Graph in the X—axis value,
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Table 6. Base rate occurred in competing threshold

T X Y Z XZ73 YZA 733 AN
A3 1.081 3.767 -0.968 OK A3 OK 1
A8 -0.135 4.819 1.093 OK OK A8 1
A4 1.734 3.214 1.536 Sk Ad OK 2
A8 2.076 1.794 1.093 A3 OK A8 2
A4 3.103 4.377 -0.252 sibz OK A3 2
A4 1.371 2.299 1.093 OK A3 A3 2
A4 4728 2.610 0.941 OK A= A4 2
A8 2.863 1.134 1.093 A4 OK A4 2
A8 2.859 1.822 0.711 A3 OK A4 2
A3 3.461 2.903 1.093 Sk A3 A4 3
A7) -1.351 9.495 -0.992 OK OK OK 0
27 -0.896 9.837 -0.858 OK OK OK 0
a7 -1.127 9.672 -0.948 OK OK OK 0
A7) -1.127 9.978 -0.097 OK OK Sk 1
7] -0.846 9.560 -1.142 OK OK OK 0
71 -2.065 7.787 -1.624 OK OK OK 0
H7] -1.619 7.385 -1.691 OK OK OK 0
H7] -1.994 8.611 -1.873 OK OK OK 0
H7] -1.796 7.558 -1.624 OK OK OK 0
7] -1.819 7.648 -1.563 OK OK OK 0
w7 -2.030 7.880 -1.624 OK OK OK 0
H7] -1.388 8.000 -1.606 OK OK OK 0
7] -2.075 7.998 -1.624 OK OK OK 0
971 -1.807 7.445 -1.682 OK OK OK 0
w7 -2.012 8.767 -1.624 OK OK OK 0
A8 2.863 1.134 1.093 A3 OK A4 2
aibz 2.859 1.822 0.711 A3 OK A3 2
A8 3.461 2.903 1.093 3 A3 A4 3
A3 1.836 3.248 -0.918 Sk A4 OK 2
A8 3.534 3.303 1.093 A4 A3 A8 3
ABAR 4 FollA F A o1 AF ZA Al WS 97%
AGA=TE obd Z FollA AE BN A HE 3%

ARARN A FEF AUSE iriverOn MI0  thAste] Auk5E ST oAl BAT AR
AES ol g3te] BEFZ BN 47 AME B DAZ ASEAAY AP QA A 9
o BN AAG ok HE gse] 47 2% PAXNES BAC HHstel HPH A ANAA
NACE FA7) 24 108, BAA 2 1088 HAS  AS IAGGe] SHAL FARE AL L F 9
o Table 73 %ol A%E Felstgich o AT AEEAM] Wt ABIRY 0 A
F47) B WA A0S 24 v} gol B B AZstes 2AWNE HoluH % 2
Aukie) A FA/9 WA BT 0%AE & BT F 9
we ANFE S0 sigets 106(bpm)E SHY &% A S ARANE B HEAA 913
Atk AY PR AFHFE2ENA AuFE 09 el 4RI WY A AFT AN
29 HUY 5 Y AP FEA We PHOE  GPSHR B W AL TAFE o TUANME
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Heart rate(Normal) heart rate(Danger)
93 bpm 123 bpm

155 155

103 103

e \\W\l "
86 86

0 + = = = ©® =+ =+ = = Bg 0 + =+ + + ® s+ s+ = = 52

Fig. 9. The average heart rate changes in situational awareness,

Table 7. Changes in the value of the subject and the average heart rate sensor

Division Ex1(48-Age) Man | Ex2(41-Age) Woman | Ex3(17-Age) Man | Ex2(15-Age) Woman
Resting Normal Resting Normal Resting Normal Resting Normal
1 68 79 79 83 62 7 67 75
2 64 5 78 94 64 78 66 78
3 66 72 76 85 64 80 66 72
4 67 81 78 96 63 76 67 7
5 69 7 5 92 62 76 67 76
6 66 73 79 83 64 81 65 78
7 66 75 79 91 62 7 68 79
8 67 83 78 93 63 7 65 76
9 65 79 7 96 63 78 66 7
10 67 5 79 94 62 76 67 80
Average (bpm) 66.5 76.9 77.8 90.7 62.9 77.6 66.4 76.8
TES A AR ASANA ADHE FRARE HAL W AZE AT AFE ) AP
AZ 9 RAAE GPSHRI AEE} AT Yol G gho] EFF A ST FEdH A
NE dgol golalx T wa ~lEE A&EAl  SRT 1 A% Aol dof AP e Wazno
A2 XY, ZAA SHA Y oA M9E W = 2 #go] 7pssit
A ALE7F91.3%(+5) A= vEUE S &< B AFolA AT AP 4G A A= &
@ 5 Ak ol 2 FolA BFolnkE AP WAE  FAHA MM 2HL T PEL ATsdn
4G At =E2EHE A8 FFOE JAAGES 3 Table 83 o] 2-& P} 113 #F Fo 2 o] F
O 27HA] o) o T AE HYE IS AT A FF A2 s Bt B AFelxs 2nt
AGAANE & 5 YE2 ZH Aol EEZo) H& HFE w AMe ¥x THlst B
AN S RS FAZ] AESE A AN S 93 U gH o 98Xt 4B
B 245 QPR AAT F YE YAGAS 7 bssiE A 712 VEYANNE 465
HutFagol Agete WAE YRS APSA A o AN AYAA LuelFol 2834 7}
th o] A3 AnEE JMERAA Y] PR E A EEAA e AAA Fo] 23S Tt MEA
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Table 8. Table of comparing each situation—recognition researches
Compare Properties Wearable Type Path/ Situational Type This Study

Ease wear and mobile observation X O O
Utilization of smartphones’ local DB (@] X O
Network server controls NOT required x X O
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