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ABSTRACT

Recently, with the development of various sensors and communication technologies, the market
for wearable devices capable of recording physical activity in connection with a smartphone is
expanding. The purpose of this study is to analyze physical activity for each transportation modes
in order to utilize wearable devices in the field of transportation. This study consists of three steps:
data collection, basic statistical analysis, and physical activity analysis. Four adult males and females
were recruited as investigators, and physical activity and route information were collected through
Fitbit, a commercial wearable device. From the collected physical activity information, a percentage
of heart rate reserve (%HRR) using a heart rate was derived and used for analysis. As a results,
it was found that there is a statistically significant difference in heart rate for each transportation
mode, and physical activity intensity is the highest when walking. In addition, the results of physical
activity analysis for the case of using different routes for the same OD were presented. The results
presented in this study are expected to be used as basic data for preparing public transportation
activation policies and providing customized services for the future.

Key words : Heart rate, Heart rate intensity, Physical activity, Public transportation, Wearable device



A ZhE A 9 52l 71el BAe Sl s AEFF o] folsiHon, oE 7|RtoE Tk V)
77%% 2UEE 71717} E?JHOi 2853 Sltk. 2EdEA N deE2sA) el THEH 2019 387] AlA
EQA| AHe) ZotE 1400‘:’}EHE A=, 2018 AT} 42% F713 X E K3 Th(strategy analytics,
2019). o]AH v Y HollA S VSt AT F Qe AojHE tuto] 2o tigh #Alo] U
of wet ~AntEE AFste] &80l 7hed AojdE Hutols, AntELA] & #H Age] SuiEI 9o
o, o|& Q& FuilEe] e A 2E APE = Ae Fol WAL v dojg & Hulo]l=g PC
© 2EE Q3 dFste] A8Ae] 5, AR I, A H 58 AT 5 e 2nE J7E, 99
2lE Hutolzd 7|55 Aee B4, A948 A & A4 #dE o
& AHIZ~E AFE] 9 o HEE FE&HT ok

FEE, A A F, 22X 200 FollA e T TR T
& Fystal Jon, A7HEoM dFunsors] s

AT AAEAT AF Bokl A= HT A7l o
A& Tefet et T U=, tiFas o &l ©E "]iﬂ%
B4, A4, gl SollA e Ald AR Al A
]:&)"’5‘}"4 019“1}9] 747}“43]_ Sk }1\_]7('“%]'0 s e ’5‘}1 ATk L o] H 3 AlA

= X8kl ok 2rtELfA| e}

71E %EH ap 7H°]«] ]% %/“joﬂ uE e ]71]% ARE AFIThY, 7Hm o]%—z]-—oﬂ

3 Al %

5
&

=

=
i
o
=2
ot

ir&
ol

o
o

=
e

oN 8 &

oo o§ i
 J2
X
o foh
My 2 [o

=2

=
[rt offt
o

do

of ot
(e
o>
o
=4
—n

jQ Elk‘l olﬂ

2

re

-

&

o

9&‘

=

o

ui

r

rﬂ
o
) [
41
Id
e
o}
)
i
ah
of
{o
>
N
KY)
B>
o
i
r "
N
u
)
o
Ruiy

2
O oomo4y e -

ifud

m&%
L oft
o
m?i ke or
ME o o Jm

=
o
-

1

off X rlo rIr

and >‘E1

r2 ol > ol
ol

=
ofy
El
oft
2
=
&
e
ofr
o
rE
LTS
ox
tio
o
N
j"ll
rr
:L
O
<
r{m
N>
2
o
O
_\,L
o
o o
N oo
iy
hu o
23
ol
(o
B
2

L
rlo
LO
n 9
v
i
O o
jus)
=
£
_I_:
u:&
°
AN
N
off
L
=
%
°
oo
)
©
oft
ol

o>
Jig
=,

HE_%OFO
o o &
El
ol {U oo oo
A R N

3&{

S

>

< o] &% T, FE AAEES YERY = AuE va- 5‘/54 st e
A 9 ARA G Yt AA GAZ FAHET Z}E"Z}J A=

A Az e A2 AR, AASF ARE FHE GAZ, 483t doiy

AlF<! Fithite Z-8-3ste] AR5 w8t 712 FAEA DAldA = 73
THEE Ao g AA T ZE AAE oM, 2AHEA B AR
AE9| Aolg EASIATE miA T AAET £4 D FRAF Wt AAA = Y
of| H] A uHE(%HRR: Percentage of Heart Rate Reserve) 2 XF38}sle] s af
Attt =3 Y 7ITHYE AR OE F Y ARE ol &ste AdE e tig
T o] 8A SN AAGE HEE AFTE 7 e WS Adst A sk
:r“é% o3 7“’/} 2780l A= flojelE Hutol 2~ H tiFas &
A

pe)

8
"
ox
rO

>
ol
ki
o rr
Me & o
1T

ol Hx mlm

or[.u;:o.L_’
Lo

AT
Es}
=
A Al

N

iy
o
j=4

e

X
4TI T
N

ol
32

th 3 A A7 5252 A AAA AT Ye& D 1
Aoy 2 H]O]H T2 @S AN23AT sANE 2 EAEA
taom, mpxjuto g B Aol dAH, IFF AFA To gt =29} A2& ﬂ]/\]—o—}giq.

)

2
[

1) 00 0D0O00O0O 00 00 00000 OoOoo 0000 00 ex. 000 - 00)
2000 0000 0ooo

Vol.19 No.4 (2020. 8) The Journal of The Korea Institute of Intelligent Transport Systems 101



A=} [e)
T}:]la

WE o] g WE AASF HE MER SR A= S EaR A
ﬂ%—?ﬂ% ojgo W AATF, 2EH FH ATE HEFYOH,
W8S QoFetqith
fﬁ_fﬂ ALBlO A glojE & Tiuto] e AL Fom, o9}

and Kim(2018)> ¢lojel& tjufo] 2o} daAlo] 4H¢e] TS
T8 7% 5= Assta Ao Az s 2ASES gog
+& AASAT HA AB8AFAA v dgeF2 2173l g
&85 ARAe ] TS AxsH, gAY Ao} Fofo A
& AABHATE Doh et al.2014) HojH & tiufo] 2~ ARgAl| tigk AS
SHAA AR AE Freta, A S 9 HS TS AASAT
g e QIEHA Fo 77 EAAE EFIA o, 1A E A o

9 2] %“z‘:}‘él w99
steith. 1ol tinjo é91
iho] 28 H§E W2
o] Wa}stHA °4|°1€i‘:‘
5} o:lg_—g 3} 740]3].‘~

HE B3 A8 x@@
A, 71 @A, ZH <
28 tutolz JjA Wetg

dolelE Hupe] 2

FE B B A 7

I‘Nﬂi

[e]
=
=

%7

[e]
“a‘\j

—_

L3}°4 olo] ME AALF F
277 YEusore 525 A
t}. Fitch et al.(2020)2 4]

S, Doorley et al.(2015)2
A AT A=t
e W3 FE B AYE, 78 A WU ol 28 &
H 59 g AAEE dolE +31& g

Jh=13
Hr
KSRy

T T -

<Table 1> Summary of literatures
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Related research

Author

Main contents

Kim and Kim(2018)

Presenting wearable device and healthcare industry trends

Wearable devices

Doh et al.(2014)

Evaluating wearable device usability and persistency

Lim and Lee(2009)

Analysis of the effects of physical and cardiovascular by public transportation mode

Kim et al.(2016)

Analysis of the effects of cardiovascular and obesity by public transportation mode

Heart rate
utilization

Fitch et al.(2020)

Analysis of cycling user stress using heart rate variability (HRV)

Dootley et al.(2015)

Analysis of cyclists’ heart rate patterns according to exposure to dangerous situation

Oh et al.(2018)

Development of mobile app. for collecting individual trip and physical activity data

Liao et al.(2016)

Analysis of the association between transportation mode and obesity

Physical activity

Wasfi et al.(2013)

Analysis of physical activity index by walking distance

Joo and Oh(2018)

Proposal of integrated evaluation framework for transportation system considering
mobility, safety, environmental and physical activity

Stress of public

Park(2013)

Analysis of stress factors according to transportation conditions using biometric indicator

transportation

Lee and Park(2015)

Analysis if the stress influence relationship according to the usage environment of bus
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Aok Ao A9 A@A SA wEh Aubre] e, il Fol gEA Ui 5 7] wiEel dniaat
E(%HRR: Percentage of Heart Rate Reserve)= ©|-&3le] EFsleldty. BFEstE dnl4ulE s o] &3}
Fohd A S Wste] ik Bla-B4e FgsiRon, FE dquRiutE WskE ALY Z(Boxplot) &
3l AASAT rpAto® Sl AAFF] Zpolrt EAst=A FAACE HFE] fste] E4HEA
g4 AEEA S FHst FAA FIHE AFEnh

R e GAQl AAEE B SN B4 EEF dRIAEES ol &dte] FUEE VFHES AR HE
AEE o]Fdte A9 tate] AAZE AEE EASIATE 1S o] 83te o] A=A FRY TS
3l e F& YT AT MulzE, 35 ojyd ARE AT F s Wt I AU

STEP 1. DATA COLLECTION

Collect Physical Activity Data Collect Trip Data

* Wearable device * Recorded by investigator
= Time, distance, coordinates, heart rate, etc. * OD, Trip start/end time, mode

-

STEP 2. BASIC STATISTICAL ANALYSIS

Standardize Heart Rate Statistical Analysis
*  %HRR (Percentage of Heart Rate Reserve) » Boxplot of %HRR by mode

=  Walk, Wait, Train, Bus, Car, etc. = ANOVA and Post-hoc test

Analyze Physical Activity by Route Suggest Information Provision Plan

Physical activity intensity Physical activity index
Physical activity index along different routes Smart phone, internet, etc.

<Fig. 1> Framework of this study

V. A2 2 dolgal 73

2 ATddAe derHE AAEs Bd A5E T8 flste] FE8sE dolglE Hulel 2 7)7]9d
Y (Fitbit Charge2)< ]%3}93\‘:} 20th A 39134 30t oA 19 o R ARE FHALH, 2AA
o] 7]&2Q AR <Table 2>9F 2} I Pah= 2018 10~11€, oF 27|13t o5 Al fojd]E tulo| A5
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AR ol Foke] ARE ST A4S Aoid B tutelzel Hle BFEREE A Aujold AN
NARE ARG FHY 5 Qor, olF Fal 12 B9l dold FRAL, oF Agl, AHEIE, A%, 1
), AN e ARG Aol E tuel 28 B3l £ HolHZE AY o|FAE, g 5 5
of ARE FAY F §7] DB <Fig. 29 2o] AN o)F AZ D o)§ 7 5o FY ABE X
A\ ABHES et 2 ARE FHNA B, ABE S APAE 0§ REFTS
Hojs A AT 5 YRS <Table 334 Lol B8, th7], A3, M2, 87, Ve TRae] A5

=5 a4t

<Table 2> Investigator information

# of collected # of collected
P Gend A Height Weight (k . .
erson ender ge eight (cm) eight (kg) iy G i dhin
A Male 20 177 65 25 469
B Male 20 183 112 11 40
C Male 20 181 80 7 85
D Female 31 165 53 9 157
<Table 3> List of transportation mode
1 2 3 4 5 6
MOde . .. .
Walking Waiting Train Bus Car Etc.
Plane Subway Normal bus Car Food
Detail Stair - KTX, SRT Intercity bus Taxi Cafe
Escalator Mugungwha Rapid bus etc.
Wearable Device Health Care & Check List
2018, 10. 18, Investigator: A
QOrigin Stopover Destination
Stopover 1 z 3 4 £ E
Lodation
Mode
Start End
Time Time
] Inside Inside
Uiwang Seoul
Bus stop ) Uiwana Uiwana hMoving Seoul Station .
Station . ) Station
Home Station Station
Walking Bus Walk!ng Walking Subway Walking 12:64 /
(stain) (escalator) 1503
11:20 1120 | 1125 | 1128 | 11:35 11135| 11:37 1113?| 11:33 [ 1141 [ 12253 | 1263 | 12:64
. Inside Inside ‘ Sadang Sadang
Moving Sadang Sadang hMoving ) )
) ) Station Station
Station Station
Seoul -
Inside
Subway Walking Sadang Subway Walking 13:49 /
Statlon 14:28
1303 1303 | 1320 [1320 [15:23 [ 13253 [ 1524 [ 1320 1349 [ 15349 1355 | 1555 | 1428

<Fig. 2> Check list for collecting travel information
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<Table 4> Collected and constructed dataset

Data type Variable Description
T Time
Dist. Distance
Physical Activity Data Lat. Latitude
(Wearable device) Lon. Longitude
Alt. Altitude
HR Heart Rate
(6] Origin for each trip
Trip Data D Destination for each trip
(Recorded by ST Start time for each trip
investigator) ET End time for each trip
Mode Transportation mode for each trip
Physical Activity Data Trip Data
T Dist Lat Lon Alt HR o] D ST ET Mode
2018-10-26T13:01:28.000+09:00 0.00 37.3209] 126.9482 41.3184| 91| Uiwang Station Byeonggeon Station | 13:00) 13:20| Subway(line 1)
2018-10-26T13:01:33.000+09:00 6.22 37.3209 126.9482 40.2629) 91| Uiwang Station | Byeonggeon Station |13:00| 13:20| Subway(line 1)
2018-10-26T13:01:34.000+09:00 7.87 37.3209 126.9482 40.0535| 91| Uiwang Station | Byeonggeon Station |13:00)|13:20| Subway(line 1)
2018-10-26T13:01:35.000+09:00 9.58 37.3209 126.9482 39.7499| 91| Uiwang Station Byeonggeon Station | 13:00| 13:20| Subway(line 1)
2018-10-26T13:01:36.000+09:00 11.63] 37.3209 126.9482 39.3632| 91| Uiwang Station Byeonggeon Station [ 13:00) 1320 Subway(line 1)
2018-10-26T13:01:37.000+09:00 14.00] 37.3209 126.9482 389049 91| Uiwang Station Byeonggeon Station [ 13:00) 1320 Subway(line 1)
2018-10-26713:01:38.000+09:00 16.68| 37.3209 126.9482 384502 91| Uiwang Station Byeonggeon Station [ 13:00)| 1320 Subway(line 1)
2018-10-26T13:01:39.000+09:00 19.76| 37.3209 126.9482 38.0657| 91| Uiwang Station Byeonggeon Station [ 13:00 | 13:20| Subway(line 1)
2018-10-26T13:01:40.000+09:00 23.20 37.3208 126.9482 37.7454| 91| Uiwang Station Byeonggeon Station [ 13:00 | 13:20| Subway(line 1)
2018-10-26T13:01:41.000+09:00 26.55 37.3203| 126.9482 37.4214| 92| Uiwang Station Byeonggeon Station [ 13:00| 1320 Subway(line 1)
2018-10-26T13:01:42.000+09:00 29.74 37.3203| 126.9482 37.1551| 93| Uiwang Station Byeonggeon Station [ 13:00| 13:20| Subway(line 1)
2018-10-26T13:01:43.000+09:00 32.59 37.3208| 126.9482 36.9964| 94| Uiwang Station Byeonggeon Station | 13:00| 13:20| Subway(line 1)
2018-10-26T13:01:44.000+09:00 34.69 37.32(]S| 126.9482 36.8150[ 94| Uiwang Station Byeonggeon Station | 13:00| 13:20| Subway(line 1)
2018-10-26T13:01:45.000+09:00 36.17 37.3208' 126.9482 36.7805| 95| Uiwang Station Byeonggeon Station | 13:00| 13:20| Subway(line 1)
2018-10-26T13:01:46.000+09:00 36.54 37.3208] 126.9482 36.86981 96l lliwana Station Rveannaenn Station  [13:001 13201 Subwavrline 11

V. 2EFhd AAEE B4
1. OlH|AEHE (Percentage of Heart Rate Reserve)

sy @A

2 53 su

106 =TS ==N| 197, T42(2020H 8)



o AHHE(%HRR) > A A &F0] FEE AAsts A2 AHESH, Heart Rate Reserve(HRR)ll Ttk &)
Al FEE oWtk HRRS 7iSlo] AAZES B8l Azd 4 glol B4 7Hed Al AdrolA #
A AdkE W gro g Holo] HZA AH s]|Fo 2 Aogd 4 ti(Karvonen et al., 1957;
Gregory, 2002). 2~¥=3}8} ~FZ =208 W7 Hopo| A= %HRR, Ht) AAFE3E(%V02max)2te] #A AT
g 93 sty lom, %HRRI} 4tAZIEE FUI on|2 fAste] AREsta 9Jth(Swain and
Leutholtz, 1997, Solheim et al., 2014). £ Aoz %HRRS 7|FO02 AATE B4 33190,
%HRRZ 2] ()& &3 2= & Ak dulautEo] 0% 49+ A A3zt F4A Aot 5L
A2, A Auk FEE oulst, dujalutEe] 1009 A= Hu Alutgd] =gt HZ AASE
A7 B]lo] AT sle A dHge AS @ttt HRRS Fall ARt AEE AAde VS
ACSM(American College of Sports Medicine, 2014)914 AAIGH AAZF F= EF PHES FE3Hon,
<Table 5>9] 7|¥S B2 T 5 gk

i
rlr
2y
(o

FU_L_
I‘IF

HR,—HR,,, ~ HR,—HR,.,

— resting __ TESUING . .erevvvreeeeeeeeeeeeersssissssesssssssssssssssssssssssssnnnnnnnnne Al
%HRR HRR HR X _HRr‘e(m'uy B (1)
Where, %HRR: <8]48-E (Percentage of Heart Rate Reserve)

HRy: A7F TAA ] Ak
Hﬁresnng' F41 A AEE (from Fitbit)
ax* “"]W A]H]-}\ (=220— Age)

<Table 5> Classification of physical activity intensity

Intensity Range of %HRR
Very Light 0<%HRR<20
Light 20< %HRR<40
Moderate 40< %HRR<60
Hard 60 < %HRR<85
Very Hard 85 < %HRR<100
Maximal %HRR=100
2. EHH OHIAMIE JIE SH=
B AToAe s Ak 72 FAEA S S8l oA AAE SHRRE o] &3t FRE ARE 7
wow 7 e ARssle] BReL, 4 4ol B2 GHRRO WHE WLsYTh <Fg 3> Falo w
& 9 %HRR W3t tig A& AN Tdo R, 2t T 540 we} duiutEe] Wyt EAse
Ae AT 5 Urh EH(walking)®] -4 =& A LAl whe} oulidukEe] M3 F7hskaL, 7)ol whet
dulgutEoel fashes F¥de Uehdn =3, W2 3l Hd 5 deus FE o8 Alde dnjiuEo]
Zrazsto] A Arkeel FARE Adk Ee HolA "k
B AFoAE o2l HES Hols ouliutE tiste] v

HGA 40 RE FPT I FYAEE £
GHRR FU3he VI BASIT 19l Alure
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<Fig. 3> Example of %HRR profile for each transportation mode

OE HE Uetir] wEel, AR 39 AWsE ol&ste] tFus FEE AudwES
Z3te] BFSS s E5IAUTh <Table 6>0 T oulAdulEo] tig 7|&5A la‘cﬂr ojoll W2 A

THZE AANSA. 7|E€TA B AATHE E4EA T2, =R o)

ol Ao gAFglon, W, AR 22 Ty FEL dutEe] Ho %f\}f& Aoz e

Wtk =3, deus sae 45 25 BET‘:— EH71 oA Fo &
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<Table 6> Description and boxplot of %HRR by transportation mode

Mode N Avg. Std. Min. Max. T T T T T
Waiting | 199 | 2848 | 1083 | 204 | 5114 B T T
Walking | 253 | 3162 | 8.88 588 | 5494 | 5 |y : : : 1
Bus 93 2285 | 1195 | 495 | 5598 | g | | | T
Train | 161 | 1882 | 898 | 346 | 47.14 c‘g wf | ' : T .
Car 11 2011 | 838 | 900 | 3521 | & I : ™ |
Etc. 34 2357 | 1006 | 499 | 4554 | Foor | | 1
Mode | Sth% | 25th% | SOth% | 75th% | 95th% | & | '
Waiting | 1190 | 20.04 | 2745 | 37.56 | 4525 | Sz | 1
Walking | 16.16 | 2498 | 31.87 | 37.63 | 4596 E : : ‘
Bus | 793 | 1438 | 1832 | 3115 | 4576 | & 1o} : J'_ : | 1 } 1
Train | 650 | 1202 | 1728 | 2354 | 37.63 i L J'_ L
Car | 914 | 1306 | 1983 | 2575 | 3504 ok o . . . , C
Etc. 10.16 | 1598 | 21.82 | 3251 | 4043 Uy AERIE B4 i Eay (5
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NYSE HBF DESTTHE NAZE HE A o7

A ol AHESe] B 7 Aolol BT $AH oIS

HE T AZde Pos B ATA
£ R, 7], W A 4l o o ol gutEe] Aol td 43S 915 BEIA 2R
g ARERA AIE <Table 7>l AT 443, FolFEe] 000082 =25 0] v 7)o 25 3t o
AlAuLE ) W Aol A OE folai, AFEA At 1 Ao s dnutge] Aol vF B
AXOZ fofgt zfolE Hols ZAoZ YERytth

<Table 7> Result of ANOVA for transportation mode

ANOVA
%HRR Sum of squares | Degree of freedom Mean square F-value Sig.
Between groups 18140.650 3 6046.883 61.404 0.000
Within groups 69130.359 702 98.476
Total 87271.009 705
Post-hoc test
Mode N Group
1 2 3 4
Train 161 18.8172
Bus 93 22.8508
Waiting 199 28.4770
Walking 253 31.6228
p-value 1.000 1.000 1.000 1.000

AAZE E4NME GA <Table 5>04 AN AASS A= 7 71ES ol &3t 7 s A
T X AEE BYst denEs sE 4 AAES 4
pA

s
™, <Fig. 4>° AAZF FE &7 7120l B2 AAEs I FA8)

U718l A HFLE o188 s MR, A NN d7Iske 4O, AABF FErt
A @e Ao UEgh of s5a7k AATE FF HLoR SO, UABE £F BE o4
15%9] A% EBE 53 0% F h7IshuA BB U A

<Table 8> Probabilities of each physical activity intensity by transportation mode

(%) Very light Light Moderate Hard Very hard
Lower Bound (LB) 0 20 40 60 85
%HRR

Upper Bound (UB) 20 40 60 85 100
P(LB<%HRR<UB|Waiting) 38.90 45.77 15.22 0.11 0.00
P(LB<%HRR<UB|Walking} 12.45 59.34 27.70 0.50 0.00
P(LB<%HRR<UB|Bus) 64.50 29.66 5.58 0.24 0.00
P(LB<%HRR<UB|Train) 64.42 31.12 4.39 0.06 0.00
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B317) 1% o), U BHL AT olF 5 AABF| 1Y Bol aTHE FHoR, oF 18%7} HF of
o AAZE HES B AAEF A=t 22 AR Ueyth w2, At B¢ tsas 58S
o] &3t gollAY MSlE § AALE &7 A=V W] Wil oF 4%7t AALE A= vl Eeo
E =M AAgE A nEH, ER-g7]-H2yA1E o' AAEE et dolAH, tiEal
5 o] g mE AATFE UEE ERA TS AL FRASHATE
Wiaiting Walking
15000 T T T 15000 T T T
Very Light Light Moderate Hard Very Light Light Moderate Hard
Z 10000 Z 10000
0 ' 0
] 10 20 30 40 50 80 70 ] 10 20 30 40 50 60 70
Percentage of HRR (%) Percentage of HRR (%)
Bus Train
15000 T T T 15000 T T T
Very Light Light Moderate Hard Very L Light Moderate Hard
Z 10000 7 10000
E 5000 E 5000
0 0
] 10 20 30 40 50 60 7o 0 10 20 30 40 50 60 70
Percentage of HRR (%) Percentage of HRR (%)
<Fig. 4> Physical activity intensity distribution by transportation mode
2) Z2Y ANEs 24
XA AT FEHE AAGF A, FEE AAGE FETF Apel7h eS Felskdth E AFolA
= A=Y AT ARAE Wte =& At %‘Q F7IFHE ME OE BERE o|FF ARE 0
gako] AAST BAL SYSHATE A B ARE AgolM DAk IR A PHE 24)
08 o|FdtE FEOIH, AR 1 AsHEI HAaF o83 AR, AR 25 H2E o83 FEE, <Fig. 5>
of Z & gt A2 AR g uiutE Wt IR ZE AASITE F Y A2E $Y AR

B 5H% Auoln, & A7olAE 7 A=l od A=Y B9 2247k AATE BEE <Table 959 7
REE =

B4 F EPATY A AR 1S 8RNI 288), AR 25 IREQAIZ 28)0] 289 Ao U
wt AA s B AT ad A H+HAE olFshe AR 19 B9 *lxl%l% AET} B U olstE
YEY tiEas o] & o AAHR] SFiFo] L& ACE Yeyith o= o 285 Algto] 3&2
2 A FHARRAA AR S HIgo] Yo} A H AR} W2 o= 4%%?% W25} o] 53k
AR 29 A5, AZ 19 vl3) 2ASE FEIF =2 ASE Yoy, TR £Q8FE AZto] 17802
74 & 190 Hlste] 21A A1 %Eam =] ‘3%01 878k Z1 02 eI o] & 53l ’7%4% o] gof w2 AlA
G52 SRR I, F5S A% ol T THE T o|5AH FFo] e AS RIS ol
Ades g %E&E/\lﬂ AR o, A F HRE FHFH o2 AFsle o] &} Fus Sl
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<Fig. 5> Example of physical activity analysis by differentiated route
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<Table 9> Description and boxplot of %HRR by transportation mode

Route 1
Mode Travel Time Distribution of physical activity (%)
(min) Very light Light Moderate Hard Very hard
Waiting 2 54.63 45.37 0.00 0.00 0.00
Walking 3 34.22 65.78 0.00 0.00 0.00
Bus 10 100.00 0.00 0.00 0.00 0.00
Train 73 93.60 6.40 0.00 0.00 0.00
Total 88 91.37 8.63 0.00 0.00 0.00
Route 2
Mode Travel Time Distribution of physical activity (%)
(min) Very light Light Moderate Hard Very hard
Waiting 11 0.00 82.42 17.58 0.00 0.00
Walking 17 4.15 59.15 36.71 0.00 0.00
Bus 94 89.20 9.00 1.81 0.00 0.00
Total 122 70.41 22.08 7.51 0.00 0.00
A e
AT A 9 Sold BEL V1SS HAT 5 Y Aol tiuolzol] T o] F1eT e
H, B2 Aol 2~ntESQIA] 5o fjolelE tule]2~E o] &3t ZEE AR, £ Y 4 T Thd A
H 25 Aot ok & A7olMe S A4l B3 B4 S7tel g 275 =237 fsko, 4l
ojg]E tule] 25 &8st tFus o84 AALFS TAstL, U o)8A BEH An 2 AF
ke =57 93 712 B4 e AT A8 dolels Hnlo] 29l Fitite o] 838t o] &2ke] o]F
dolBE w3t en, dojelE Hule| 221 E 3] 7Hed AAZE AR AuteE Z8sto] uF
ol AAZESe dE v, AAEE AE SOl dE 71z BHe FAAT
AErE &8 wEstE AASEES AR BAL A 39AE, AT, 712 AR, AAgE A
B BA gAR FA48t F8 AFE <Table 10>l A AlSHA T

<Table 10> Summary of the results

Step Main contents Results

A total of 52 daily trip data
751 detailed mode trip data

* Collect physical activity data from Fitbit

1. Data collecti - i i
ata COUecton |~ rect trip data recorded by investigator

%HRR (percentage of heart rate reserve)
There are statistical differences in %HRR among 4-modes of
waiting, walking, bus and train

2. Basic statistical | ¢ Standardize heart rate
analysis « Statistical analysis

Walking is the highest physical activity intensity

There is a difference in the physical activity intensity by route
Confirmation of the possibility of providing differentiated
information

3. Physical activity | * Analyze physical activity by route
analysis * Suggest information provision plan
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