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Analysis of spatial distribution and variation characteristics of

cyclists” heart rates in non-motorized lane

LIN Xinyuan, LIU Kaixuan, AN Xing, HU Xisheng, XU Jinqiang, WANG Zhanyong
(School of Transportation and Civil Engineering, Fujian Agriculture and Forestry University,
Fuzhou Fujian 350108, China)

Abstract:  To guide healthy travel for cyclists in hot weather, a cycling measurement platform using
micro-sensors was developed to collect high-resolution data on cyclists” heart rates, as well as atmospheric
particulate matter (i. e., PM,,, PM,,, and BC ( Black Carbon) on the non-motorized lanes of the
Western Third-Ring Expressway in Fuzhou. Statistical analyses were conducted to characterize and
interpret variations in cyclists ~ heart rates. Results indicate that cyclists © average heart rates near
residential zones are higher than that of riverside segments, showing strong and sustained associations with
all measured particulates. The number of diesel vehicles, ambient temperature, and atmospheric pressure
are found to significantly influence the heart rate changes across sections of the entire route, riverside, and

residential sections, respectively. Cyclists ~ heart rates also fluctuate due to varying environmental and
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topographical conditions along the route. Immediate effects of PM,  and BC on heart rate are observed,

while PM; effects are delayed. Therefore, implementing road-segment-specific control measures for motor

vehicles, particularly strict regulation of those emitting pollutants with immediate effects on cyclists, and

guiding the selection of routes with better roadside ventilation and higher greenery coverage, can effectively

enhance the travel quality for cyclists.
non-motorized lane;
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correlation analysis (DCCA) ;
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Fig.2 Five-minute series of traffic volumes at experimental sections and meteorological

conditions during experiment
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Fig.3 Spatial distribution of traffic particulate matter and cyclists” heart rate along non-motorized lanes
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Fig.4 Statistical distribution of cyclists” heart rate
and particulate matter concentration along

non-motorized lanes
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%1 In(HR) GAM #EEWHETERHK F Hitki
Table 1 F-—statistics for covariant coefficient of In( HR) GAM model
i LS ST e A, BB B, Bt B, MEL A, BB
F VER p F VER p F VER p F VER P F VER p

s(PM,5) [18.91|4.99 |<0.001|5.29 | 2.64 | 0.022 | 5.17 | 4.48 |<0.001| 4.62 | 3.39 | <0.001 | 1.41 | 0.96 | 0. 187
s(PM,,) [28.74|7.58 |<0.001| 1.58 | 0.79 | 0.126 | 5.44 | 4.71 |<0.001| 2.74 | 2.01 | 0.007 | 4.27 | 2.91 |<0.001
s(BC) 15.62| 4.12 |<0.001{9.50 | 4.74 1 0.002 | 0.82 | 0.71 | 0.438 | 4.75 | 3.49 | 0.029 | 8.66 | 5.91 |<0. 001
s(AP) 80.15|21. 14 |<0.001|41.70|20.79|<0.001| 9.92 | 8.60 |<0.001|24.77|18.21| <0.001 |38.98|26.60|<0. 001
s(AT) 61.24|16.15|<0.001|28.02|13.97 |<0. 001 |38.21|33.11|<0.001|12.97| 9.54 | <0.001 | 7.23 | 4.93 |<0. 001
s(RH) 37.60| 9.92 |<0.001| 9.55 | 4.76 |<0.001| 4.50 | 3.90 |<0.001|11.88| 8.73 | <0.001 | 4.17 | 2.84 |<0.001
s(DP) 31.80| 8.39 |<0.001|11.82| 5.89 |<0.001| 6.42 | 5.56 |<0.001|12.87|9.46 | <0.001 |[11.34| 7.74 |<0.001
s(SG) 9.18 | 2.42 [<0.001|11.70| 5.83 |<0.001| 3.18 | 2.75 | 0.037 | 9.60 | 7.05 | <0.001 | 2.96 | 2.02 | 0. 003
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s(VC) 10.46| 2.76 |<0.001| 2.85 | 1.42 | 0.037 | 4.55| 3.94 |<0.001| 0.41 | 0.30 | 0.521 | 4.66 | 3.18 |<0. 001
s(DV) 9.21 | 2.43 |<0.001|46.76|23.32|<0.001|12.04|10.43|<0.001|16.31|11.99| <0.001 |24.83|16.94 |<0. 001
s(TV) 42.90|11.31(<0.001|16.16| 8.06 |<0.001|9.12 | 7.90 |<0.001|18.41|13.53| <0.001 | 8.44 | 5.76 |<0. 001
te(WS,WD)|18.82| 4.96 [<0.001| 5.28 | 2.63 [<0.001| 1.96 | 1.70 | 0.027 | 2.83 | 2.08 | <0.001 | 10.70]| 7.30 |<0. 001
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Fig. 6 Variations in covariate smoothing functions of In( HR) GAM models at overall experimental route
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