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ABSTRACT

Although the government and local governments devote efforts to activate bicycles, they only access
to the supply infrastructure such as bike lanes and the public bicycle rental service centers without
considering the measures to overcome the geographical constraints of slope. Therefore, this study constructs
bicyclist’s energy consumption estimation model through experimental methods of slope gradient and
heart rate measurement and suggest the bicycle route choice model which could minimize the energy
by the slope gradient. After calculating the RMSE of the estimated energy consumption by applying
this model to the simulation section, it is confirmed to be 41% better than the model which does not
reflect slope gradient. The results of this study are expected to be applied to the bicycle infrastructure
planning that considers both longitude and transverse of bike lanes and the algorithm of bicycle route
guidance system in the future.

Key words : Bicycle, Slope, Heart rate, Energy consumption, Bicycle driving resistance
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Category Altitude(m) Road Length(m) Slope(%)
61 ~ 65 568 0.7
60 ~ 68 439 1.8
79 ~ 82 258 12
72 ~ 74 272 0.7
SuUl 63 ~ 79 553 29
Su2 79 ~ 92 586 22
SuU3 65 ~ 103 292 13.0
SD1 82 ~ 92 166 -6.0
v don : : 5 SD2 65 ~ 92 543 -5.0
Note: F(flat), SU(uphill), SD(downhill), C(mix) C1 68 ~ 80 768 1.6

<Fig. 1> Topographical specifications of bicycle driving route
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% 51.426 + A F (kg) X 8= (bpm) X 1.018 «veeevveresuerinns D

AR et AR £3E A A deaet XA R 3% Polar(RS800CX G3)9F 914 4 B

#3 A
]

Ascen(GPS850)2 ©] 835t} Polars =7} ) EAI49] °1]L17<1 AR 243 Ao dLH= 5
A E AT oy, HAE EAd e AR vEs, 5 AE, 283 dUA A8FE AHEg

Jung(2005) 5 TH¥EE ATolA ZEH I Stk

Heart Rate Meastring Device 2 <Table 1> Specifications of data collection device
[Wear Link] GPS Data Collection Device
[GPS 850]
n Device Specifications
. Heart Rate Storage Heart Rate Measuring: 15~240
| Hea[cg::iiﬁﬁrage Detdce Device (Polar) Accuracy of Heart Rate: +1% or 1bpm
Heart Rate Measuring . o
Device (Polar) Operation Temperature: -10~50C
GPS Data Collection GPS Chip: MT3329, 66CH
R Sensor: E-Compass, G-Sensor,
) . ) Device (Ascen)
<Fig. 2> Data collection equipments Barometer
B Ao &85 27 =3 AH] F Polar?} Ascens <Table 2> AR E T 4 ‘9_13%, H o
M PolarZ FHE 12 @99 AR uH5 4 Ascen. 2 FHE 12 T FHPAY ¢ 1= AFEE B9

283t
B AFoAN 83 F o AHle BT #AE AR 7] Wil FEAY 2 AA A8 7hEol
7bséith. A2 GPS AHlE & 2 HASHA Qo) AEek 22 A 91X R
01'11 A =7 e Ao dHA A F 2 739 FRAE AR A 2 oE UERA
5 ARE <Fig. 3>3 o] F AH 2t ztolrt e ALE UERT o]d wet 7 AHE £ 1%
%E% GPS Visualizer) & 53l AR BA T AscenZH| 2 7 H I %= GPS Visualizer& 2 HAGH

O

3) GPS Vsualizer“ OELI_’F/]%% %3] DEM(digital elevation model) Hlo|E|H|o]A~RRE A A] WA ALY Q.
A BLHolHE 712 7FA YA 1% 2 AAE S-S BAT 4= 9k (http://www.gpsvisualizer.com)
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<Table 2> Types and units of data

Device Types Units
Time sec
Heart Rate bpm
Polar Pace min/km
Altitude m
Distance km
Time sec
Latitude, Longitude °
Ascen
Altitude m
Speed km/h
160
Altitute
-
140 T -
L] .-’
L] o

120 *

100 =

Polar

%,
80 . GPS850
1 Gpsgso=__

60 -

40

<Fig. 3> Collected and calibrated altitude by Ascen and Polar

TEste] 9A-g0] 8%EM, Polar AUIS QA8 MBHTH e Ao Uehdy] fEe] R AToAE
Ascen AW E ZHE T /F0E o]F BAD S BEAYOD, B oSl AAEE AT

2 Mz g 2
2 A7 AR £33 A5 FYE5(Speed), BAE(Slope), FHAZ(TD), A% 2HEHR)O]
o AR vhes FAAAY] AAETE obd ol FH% AP 540 9FE T JoR A,
30=

ol 5%, 15%, 30% F<to] HF 7:‘/\]-J_(Slope A), T2 74 AF=(Slope_S), Ht 74 AF=(Slope_X), H24 HAI=
(Slope_N) AI55 7Fg3tgiom, 1 ¢ 74 FPALATD), A% vsret 2AdA F# 24 &
Hg3he AR £RFHEC), T4 AUA £2RHAECS] ARE 7HSHATH

TR AR AETE A3 %Lﬂ/l 223] HHE 2o o F 284670 0|H, AAE FHEE A 73
9] dR] AR HXE A3 849 I AT} OE AoE AA S, AANE §3L 7|FoE S
2 BEF39d 1 23, HA F(Fla)S 8317, L29 R Uphill)S 1,377/, WEl 2t 77 Downhill)S 638
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2ol 229 7 FAoZ AES AASIY T

HA| P HF FHLEE 6.68kmh, oA 5% FHF BF AAEE 041%, T2 7#} = 3.46%, A
o AAEE 1.15%, H4& BAEE -02%E e oH, Wit T 2l= 1.85km, B 44 ¥+ 118bpm,
B UA 2RHLS 0.12kcalZ UEFFTE

o 2u 771 B FYPLEEE 11 1kmhEA FA| FRRT S RO UrE}”Oﬂﬂ = e=29t 73k
oxe] gt Fo mE WFOR oAt 53] B AP HA| FhelA 4 01 N&sta Zagd ©a
71t W Zoll A 318 FREET M @A 2AME Z0E wdEth e 2w 31| Hit AAEE
6.05%, B A "HEE 134bpm, ANUA 2RFHLS 0.15kcal 2 FAME AT

yeet 731 B FYPLEEE 20kmh, BT AAEE -428%, 5% o)A HT AANEE 4.02%, 73
BAAEE -18.76%, H AAEE 2.7%, H4 BAEE -552%°1H, B A4 9He4= 107bpm, B oL
A 2RES 0.09%cal & ZALE T

<Table 3> Descriptive data statistics

Variables Unit All Flat Uphill Downhill
ave. std. N. ave. std. N. ave. std. N. ave. std. N.
Speed km/h | 11.10 | 4.68 6.68 6.54 11.1 4.68 21.00 | 8.44
Slope % 6.05 3.36 0.00 0.00 6.05 3.36 428 | 2.84
Slope_AS % 5.69 3.06 041 1.53 5.69 3.06 -4.02 | 276
Slope_S5 % 26.95 | 16.30 346 | 10.14 2695 | 163 -18.76 | 14.52
Slope_X5 % 7.96 4.00 1.15 3.11 7.96 4 -2.70 | 2.68
Slope_N5 % 3.66 2.66 -020 | 0385 3.66 2.66 -5.52 | 3.15
Slope_A15 % 5.02 3.30 0.96 221 5.02 33 -339 | 2.87
Slope_S15 % 75.37 | 4943 14.35 | 33.16 7537 | 4943 -50.04 | 42.88
Slope_X15 % 9.11 4.45 342 5.18 9.11 4.45 -0.55 | 2.68
Slope_N15 % 1.77 313 | 2,846 | -062 | 1.53 831 1.77 313 | 1,377 | -6.61 | 3.61 638
Slope_A30 % 433 3.38 1.39 2.79 433 3.38 248 | 3.14
Slope_S30 % 129.28 | 101.97 41.56 | 84.00 129.28 | 101.97 -72.06 | 93.54
Slope_X30 % 9.85 4.65 5.26 6.29 9.85 4.65 1.67 3.96
Slope_N30 % 0.13 3.60 -1.33 | 232 0.13 3.6 -721 | 3.87
T.D. m 3.34 2.25 1.85 1.81 3.08 1.29 5.83 2.34
A.T.D. km 2.13 1.23 0.56 0.46 2.13 1.23 1.82 1.08
HR. bpm | 13435 | 16.29 118.53 | 18.99 134.35 | 16.29 107.38 | 9.52
EC. Kcal | 0.15 0.03 0.12 0.04 0.15 0.03 0.09 0.02
AEC. Kcal | 105.50 | 59.85 50.76 | 27.23 105.5 | 59.85 3045 | 17.12

Note: Slope_AS5=Average Slope for 5 seconds, Slope_S=Accumulate Slope, Slope_X=Max Slope, Slope_N=Min Slope, T.D.=Travel
Distance, A.T.D.=Accumulated Travel Distance, H.R.=Heart Rate, E.C.=Energy Consumption, A.E.C.=Accumulate Energy
Consumption

V. 242

1. ZAIREYE XEA FH| oHX 2220 OjXl= HE e

B AT 72 5 A8 FAAE, TS BAE, A% ESe) AE =48 Ase <Fg 409
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<Fig. 4> Comparison of altitude and heart rate by travel distance
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<Table 4> Results of Correlation analysis

Flat Uphill Downhill
E.C AEC EC AEC E.C AEC
Speed -.140(**) A71(*%) -392(**) -0.009 -246(**) .100(*)
Slope 377(%%) -095(**) 190(**) 0.030
Slope_A5 312(%%) -0.040 A60(**) -.084(**) 236(%%) 0.021
Slope_S5 .393(**) -0.025 491(%%) -074(%*) 263(*%) 0.019
Slope_X5 .309(**) -0.026 A53(%%) - 123(%%) 217(%%) 0.016
Slope_N5 097(**) -.090(**) .394(**) 0.003 237(%%) 0.040
Slope_A15 .520(**) -0.001 .566(**) -074(%%) .308(**) 0.050
Slope_S15 .520(**) -0.001 .566(*) -074(%*) 296(**) 0.020
Slope_X15 534(%%) 0.015 A83(*%) - 116(*%) 242(%%) .089(*)
Slope_N15 242(%%) -223(%%) .506(**) 0.039 266(**) 0.030
Slope_A30 ABL(*) -0.047 626(*%) -.055(*) 325(%%) 0.071
Slope_S30 A81(**) -0.042 629(*%) -0.045 313(%%) 0.028
Slope_X30 .643(%%) 0.029 .538(*%) - 133(%%) 200(%%) 194(**)
Slope_N30 401(**) -375(%%) AT8(**) 077(%%) 284(**) -0.019
T.D - 135(%%) A56(%%) -.388(**) 0.006 -237(%%) .102(*)
ATD -129(%*) 968(*%) - 118(**) 999(**) -0.063 996(**)

Notel: *significant level at p<0.1, **significant level at p<0.05

Note2: Slope_AS5=Average Slope for last 5 seconds, Slope_S=Accumulate Slope, Slope_X=Max Slope, Slope_N=Min Slope,
T.D.=Travel Distance, A.T.D.=Accumulated Travel Distance, H.R.=Heart Rate, E.C.=Energy Consumption, A.E.C.=Accumulate
Energy Consumption
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<Table 5> Regression model for energy consumption of bicycle rider

Flat Uphill Downhill
E.C AEC E.C AEC E.C AEC
Coef.| SE | p |Coef.| SE| p |Coef.| SE| p |[Coef.| SE| p |[Coef.| SE| p |Coef.| SE | p
Con |0.120 18.160.391{0.000 {0.123]0.001 | 0.000 {2.227{0.143 | 0.000 | 0.104 | 0.002 | 0.000 | 1.548 | 0.110 | 0.000
Speed 0.078|0.041 |0.056 _0’;)00 0.000|0.002
Slope_A30 0.006 |0.000|0.000 0.002 |0.000|0.000
Slope_X30 0.14 |0.014|0.000
ATD 37.10|0.584 |0.000 48.57|0.0580.000 15.750.053|0.000
F - 6,269 (p<0.00) 884 (p<0.00) 696,663 (p<0.00) 42 (p<0.00) 46,542 (p<0.00)
R? - 0.938 0.392 0.998 0.117 0.993

Note: Slope_A30=Average Slope for last 30 seconds, Slope_X30=Max Slope for last 30 seconds, A.T.D.=Accumulated Travel
Distance, E.C.=Energy Consumption, A.E.C.=Accumulate Energy Consumption
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<Table 6> RMSE of models

Distance-based model Slope-based model
RMSE 18.08 7.36
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<Table 7> Topographical specifications of study routes %ﬂ:f%im i} 4
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El e ?%'jf;*'
Route 1 2.26km 5% 3 thesa
> oy
Route 2 2.64km 0 o/ s
<Fig. 5> Study routes
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<Table 8> Travel distance and energy consumption of study routes

B M MEC Min(1) Min(EC)
Route 1 5% 2.26km 67.0kcal ©
Route 2 0 2.64km 45 4kcal @)

VI 28 % FF A

2 ATE AQA 43 A2 94 QueF) 282 5 9E AQA TP AP BE JUA 28F D
2YE PEAG o, AA UA) LR G Ak AHA FAAL S FAEE Holaga, F
AANES AHA oUA 2B BAE BHSLT T4 ATANE Qo Tt ok
5 5 WEFHE I A TH) BH9 AAE GISDBE A9 QzeE 75 7}
S 4 e e & ATN S35 HAE DBE GS A28 AE7)HGPS Visulizer)®) DEM(Digitl
Hlevation Model) 21|l oJ3 ZAHE A} Mlmalgon], A Yt 092 BA=c
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