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RAKUWALK : heart rate prediction system during walking with smartphone
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Abstract: Walking is effective exercise for maintaing and promoting healthy life, but high perceived exertion
during walking may be counterproductive. For effective and continuous walking, it is necessary to select a
walking route suitable for individual physical ability. Though perceived exertion during walking can be es-
timated by heart rate, it is costly for a user to equip with a special device such as a heart rate monitor. In
this paper, aiming to realize a health-conscious walking navigation system that recommends a walking route
with minimal perceived exertion satisfying constraints of calorie consumption and walking hours, we propose
a system called RAKUWALK which estimates perceived exertion during walking with only available functions
of a smartphone. For this purpose, we build a perceived exertion model which predicts the heart rate from
walking data including acceleration and walking speed based on machine learning. We applied the proposed

method to actual walking data and confirmed that the method estimates the heart rate within 11bpm.
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5.1 BMEHE

MO HIZ, 4 ETOBRRZEHEE T L2 T
L 7D iAs K OBHEED, REC AT 22T 2546
WKHIIEETH 20T T2 L TH S,

InFTicFLcE, FLy FILZEHOWTHEEL 27—
FHEMOT, Za—I V3 b7 =252 265 AN
IZOWTOMET 21TV, BEEREROEIEZHERL 72 [5).
ARTIEZOMBEELEZ, BETHEL T =905
BHEEE TV EERL, —BEICE ) 2BEENEOER)
PEICOWTOFHIE G 1) ¥ X OEIHE O H#EE S E o Gl
(R 2) %2479,

A1 T, BRENEZ ANICEUEALEE VY
ADOFHFERZ KT 2 2 £ T, ZOHEMEICOWTHE
T2, AJNE, SEONMMEE T —4 8 X O3 A oM
HWET— 7 o it 2RI (AX, AY, AZ, A) 8L
e —2 (FX, FY, FZ, F), H##E (S), 4t (G),
IREEIGE (VO) i 11 MO MR 2 £ 2 5,

A 2 T, 3 2 1I2B W LA 20bpm BT 3 &
BHEPRRKT2LVELSR>TLE) 206,
HiXTERZE 10bpm 2 HIE L, AHEOMMTZ 1 LV
Tz L2HBEL TS, £/, BECZATLDOENA
DBLED 6, AHEMEROCEAICE W LHIE N5
(false positive) & D b EIHEIFOHA IR EHESI 1L
2B (false negative) ZMIZ 2 MEBH 2 LEZ 5N
2. ZNX YA TIE, false positive DHBIR (FP (%))
X U false negative DHBIE (FN (%)) Z2HT 3,

5.2 RERERIE

FERTI, BT 7 £ v L Z0HE (SUUNTO, t6d)
ZilcEE L, B GER, ) A2 —1F 74 (Sony
Ericsson, Xperia active) Z¥##& L7z, A<w—bF 7 % VI,
BHINTOIIMEE L 2R 4 ISR THESICRS L)
FlE L7, v 7)) v JiEREE, IEER 3% 20 2
U, DHEFE 28, GPSkvH R 3IWEL, #EE 1
A (0, &) &L,

5.3 BEEEFIERCERTZ7F—Y
—EICE T2 T =Y HIETIE, £%5 52057 —
bESez B5ic, &r— b OBES X UL R

K4 MEELyYOME
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B 5 HIERTo BTV — b OEEE & OHEE

K5icdhsdLIHic, (A) ~ (C) BEEEDOKEVE, (D)
BLO (E) BEEEDNIWETHD, HAREMIE (A),
(E) #3204y, (C), (D) 723404y, (E) 379 Ths. &
Bcik, sEEDT—YDIBb 1227 A7 —%, b %
PEF—5 ELTHERT S,

5.4 FHEHIUER
5.4.1 BRRBNEOFMEICOWVWTORE

5.1 i T2 7 11 FEHOANHHD 9 5, AJHEHI6 M
TeAzailaby (1485i0) IcowT, AEET IV
R L, DTN ZiTo7. TAFTF—=%Ii12i3 (A) ~
(E) 22z ZFnfEHL, AT & ICSHEIE & FHElfEDHRE
BB X OTPEHNREZ R D 7.

22T, —MEICE T 2MEENEOE AL MG 5
ez, BEENEZ ANCETES VObY) La%
WS (VO 2 L) I22owT, mAXMEBRE, &NNFH
MR, Az |3, RA4WKZENZFIURT, ZDLE,
routeA~routeE 1%, ZNnZ (A) ~ (E) 2T AF5T—%
ELTERLEERTH S,

# 3, £ 406, MHBRED0.75-0.90 (VO H D), 0.55-
0.79 (VO & L), DB D il s% 4.75-11.78bpm
(VO & D), 6.83-8.41bpm (VO % L) DIHEEMNTE ., C
i, BEEICcH 23 10bpm MINZ Q2 LT3,

TARTF—=AZEIZTVOSHY ) 8LV TVO&LL, D
ERE T 2 &, MHEIREUE, routeD ZER\VT VO &
D) OFVHBEEWER E o, —J, Mo
1%, routeD B X N routeE T TVOH D, 23, FHbhDT R
P —=2122WwTiE TVO % Ly 28, BENPRufife
oot ZNX D, routeA~routeC TIIMEFEEBIUEDELR)
W3 S 172 D3, routeD~routeE TIZHRIMEDERD 5 417z
ot

¥, ANMCEHT 3L, VO H D) @ routeA~routeC
IZDWTIE, BTEED L CIRGRLz ANIcET 2 LTl
EWNE Lo Tws, —F, TVO &Ly T, RIEE X
VDRIWEEICIN 2T, routeA~routeC 1ZHTHEE X AL



® 3 RAMBEGRES X CRAEER#E (VO $9)

FA b THBIFR% PR (bpm)
r—2A | kfE AN IV AN

routeA 0.90 AY, VO 4.75 FZ, S, VO
routeB | 0.83 F, FX, A, AX, VO 8.78 | FZ, A, AX, AY, S, VO
routeC | 0.77 FZ, VO 8.45 F, FY, D, VO
routeD | 0.44 FX, FZ, D, S, VO 6.49 F,FY, A, AY, D, VO
routeE | 0.75 | FX, FZ, AY, AZ, VO | 11.78 F, FX, FZ, AX, VO

® 4 BRAHBEGRES X ORIV PERfE (VO % L)

FA b THBIEREL P EE  (bpm)
N AT fe/Mi# AN

routeA | 079 | FX,FY, AY,D,S | 683 | F,FX,FY, AX,D,S

routeB | 0.75 FX, A, D, S 841 | FY, FZ, AX, AZ, D, S

routeC | 0.60 F, FY, AZ, D 8.93 FX, FY, FZ, D, S

routeD | 0.55 FZ, AX, AZ, S 3.02 F, FZ, AZ, S

routeE | 0.55 FX, A, AX, S 9.40 | FX, FY, FZ, A, AZ, D

3, routeD~routeE IS THEEIIEINME & L2300 5.

EERDOXIHIC, TARAMF—RICL > THREENEDER)
P& GBIN DL, BTV — b DEEAEDE DA
ThbEEZ5N%, routeA~routeC D X I ITEHERAEDITR
FWVEEE, ARLHITEEOZMITEOLLIHENIKE L
EEL, ZOFHREAIE X OSTHED S HNT 2B%
BRI > THHTE 220, ZoA%EIEHNZ, L
» L, routeD~routeE @ & 9 IZHEAERZEL/ NS WiGEIL, A
BEDZEALDI A Te v 7o DICHERIBRURIC £ 2 HEE RN DMK,

F 72, AMICBAL T, routeA~routeC TIFHITHES
X AR, routeD~routeE TSI THENGHTH % 2
ED 5, SITHECARSOASEILICKRES#E TS Z
EDTD D,

IEfERHEE IS THE RS L VAP EETH 5208, B
B TlE, BEEIVNZ WITICE T 300 (72 5 NICERE
HUE) DENRE W, T, Ty FlLam v ik 24847
HEHEE ARG END, Mz L2103, QLS
X OBATHE O IEME RGNS, £k, ANz —F
Lo TEZS WA, ARZHIER) HEPBHETH S,
5.4.2 FHfl 2 DIEBE LU EIBEDHEERE

aHii 1T, BT — FOREEPT A R — ALk o
TERABZAIPEDL S Z Lot L, 3 WALK
BB TFRICEB WX, PHICHERT 2 A2 F
OREL TE LA BERH 5, % 2 CTiFfi 2 T, ®ERED
REVEEENIVEEZNZ U D W T2 A1 %2 1k
EL, AMEOHEERE 2 5l d 5.

7, BEEOKE WIS (routeA~routeC), /NX 5
& (routeD~routeE) 1243}, ZNF UK L id sz AT
DREZITo T, BIEDHEITOWTIZ, routeA, routeB,
routeC D ZNZIUXS L, FFlli 1 TAR L 72 148538 D DA
T LR A2 RO T E L D, SEEE RN
ERDANINIAY DGR R AN E Lz, BED
B&HEIZOWTYH, FERICRERZ AN EZRD . ZDFGE,
w2 AL, BEEDORE WA, RS (F, FY),

£ 5 DIFEOTFHRERE X OCAHEOHEEHR
(routeA~routeC D AJ] : S, HITHE, AR, BHEEIE
routeD~routeE MO AJI : AL, fiRlE, SITHE)

;f; HRERH ‘yﬁﬁﬁfﬁ NE(%) FP(%) FN(%)
routeA 0.81 7.23 66.65 27.17 6.18
routeB 0.69 10.31 45.68 54.32 0.00
routeC | 0.68 8.83 5117 3099 17.84
routeD 0.38 4.55 88.42 5.26 6.32
routeE 0.20 9.91 75.76 0.00 24.24

AT (S), Al (D), MREHGE (VO), kDN
SVEAIIENE (FX, FY, FZ), {RiE (AZ), STl
(S) E&ot.

Z 2T, HiED AN % routeA~routeC ()L L 7254A,
#%F D A% routeD~routeE 125 L 723854 DL HE D
TSR EAHEOHERLER 5 1R T. AHEOHEER
d, E2IORTAMELZHWT, AHERIELHEL 2
#Hle (NE), LD baHELZE HEL 284 (FP),
ML ZHE (FN) 220 ZFNiHE L. £5 4D
2TOT A M r—ATARO HERE 2 i 32 &
MBTER. T, BEEO/NZIVEASICEICE VIEEEN
fFoi, 2N FN ORERIVNI WIERE R -7

B2, BEENRKZOLEAEOHEER & LT, routeA DL
HEOFHHREB L CAHEO S EEREZR 6 8L UE 6 12,
EHEZEDNZ WIGEDOHEER] & LT, routeD DDOAEDF
HERE X OCBHEOSEREZ2ZNTNR TBIUVORE 712
AN

PR, T A% SANE D GIHEE, TR Z FREO &
HELT2, 2L CROKMOMEE, Wnd 2 AHE (5
HIL v, FHIL R)V) 2B I NBOEEICNT 5
GEERbLL, ROLTOMOMHEEZGFTT2 L 100%E %5,
F AN TF =% DY v 7 NVEIE routeA B3 81, routeD B3
95 il (12 WEBEFDY v 7)), HIZ, routeA FEHED L
)3 BLE, routeD IZLNIL 5 ICEMT AT —FIZEER
W, F 7, DEEICB VT, NE RNARSOMN, FP Ik
A OR, FN I T =MAlaofle LTEET 2

E£5BLV0EG6 LD, routeA TIE, FHE DS I3
K2V, EEE6T%, A1 L VN TOIREEXR
X 98.76% & W KRB N, kb, Hfrhicfal
NEMT 2HATH, HHREEL S AHEZHETE 2
e, £, ZOBEDFN OFAERIL, 6.18%T
Hot,

£5BXVET XD, routeD TIF, AHEOHHAEZ 1
LAOVDINICINIZ 2 2 ETE, HEIEERE X Z 88% L
WO RERER S 2 ENTE, HIZ, FNOEAED 6.32% &
Pil, BAFEF—v a VIt A TE 2 BENES
N-ES2 5.
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® 6 AIEMEE (GEEAPREVER)

R A |2
1 2 3 4 5
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