




!  Monitoring 

•  Monitoring generally means to be aware of the state of a system 

•  Backbone of intelligent traffic operations, control, and planning 

-  Vehicle detection 

-  Vehicle tracking 

-  Traffic performance measures 
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What about BICYCLE? 



!  Key words with BICYCLE: 
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!  Motivations/Opportunities 

•  What we have to do:  

-   Provide bicycling-friendly environment 

-   Safety and Mobility 

•  First step toward increasing the use of bicycle 

-  Need to be able to identify problems… 

        => evaluate  environments….Safe? Dangerous? Fast? Comfortable?  

 

From this perspective, the scientific and effective assessment of roadway environments 

in terms of the bicyclist’s perception of safety and comfort is of keen interest. 
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!  Motivations/Opportunities 
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!  Simpler method for field implementation 

•  Minimize of “additional requirements for new devices” 

•  Need to develop evaluation method to consider cyclist characteristics and performan

ce 
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!   Procedure for algorithm development 
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!  Study site 
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(Shared bicycle “PEDALRO” at Ansan in Korea) 

Site A 

Site B 
Section Average 

(km/hr) 
Median 
(km/hr) 

Mode 
(km/hr) 

85th percentile 
(km/hr) 

Coefficient of 
Variation 

A 

1 13.67 14.15 17.79 14.15 0.46 
2 13.73 14.41 18.43 14.41 0.46 
3 10.72 10.90 16.03 10.90 0.55 
4 12.22 12.40 17.18 12.40 0.45 

B 
1 8.48 8.67 9.89 8.67 0.17 
2 9.79 14.49 12.24 14.49 0.24 
3 14.27 9.91 15.86 9.91 0.12 

 1 

" Descriptive statistics of speed data  



!  Study site 
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!  Analysis of Bicycle Mobility Feature (BMF) 

•  Extraction of BMF 
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Feature Description 

𝑉↓𝐴𝑉𝐺  Average of second-by-second speeds of individual bicycle 

𝑉↓𝑀𝐸𝐷  Median of second-by-second speeds of individual bicycle 

𝑉↓𝑀𝑂𝐷  Mode of second-by-second speeds of individual bicycle 

𝑉↓85𝑡ℎ  85th percentile of second-by-second speeds of individual bicycle 

𝑉↓𝑆𝑇𝐷  Standard deviation of second-by-second speeds of individual bicycle  

𝑉↓𝐶𝑉  Coefficient of variation of second-by-second speeds of individual bicycle 

𝐴𝐶𝑁  Acceleration noise (Standard deviation of acceleration) 

𝐴𝐶𝐶↓𝐴𝑉𝐺  Average of second-by-second accelerations of individual bicycle 

𝐴𝐶𝐶↓𝑚𝑖𝑛  Minimum of second-by-second accelerations of individual bicycle 

𝐴𝐶𝐶↓85𝑡ℎ  85th percentile of second-by-second accelerations of individual bicycles 

𝐴𝐶𝐶↓15𝑡ℎ  15th percentile of second-by-second accelerations of individual bicycles 

𝑆𝑆𝑅𝐴↓𝑉↓𝐴𝑉𝐺 ↑  Sum of speed reduction area defined by 𝑉↓𝐴𝑉𝐺  

𝑆𝑆𝑅𝐴↓𝑉↓𝑀𝐸𝐷 

↑  
Sum of speed reduction area defined by 𝑉↓𝑀𝐸𝐷  

𝑆𝑆𝑅𝐴↓𝑉↓𝑀𝑂𝐷 

↑  
Sum of speed reduction area defined by 𝑉↓𝑀𝑂𝐷  

𝑆𝑆𝑅𝐴↓𝑉↓85𝑡ℎ 

↑  
Sum of speed reduction area defined by 𝑉↓85𝑡ℎ  

𝑆𝑆𝑅𝐴↓𝑉15↑  Sum of speed reduction area defined by 15 km/h 

SAAA↓acc15↑𝑎

𝑐𝑐85  
Sum of abrupt acceleration area defined by 85th and 15th accelerations 



𝑉↓𝑅 : reference speed  

-  𝑉↓𝐴𝑉𝐺 : average speed 

-  𝑉↓𝑀𝐸𝐷 : Median  

-  𝑉↓𝑀𝑂𝐷 : mode  

-  𝑉↓85𝑡ℎ : 85th percentile speed 

!   Extraction of BMF 

•  𝑆𝑆𝑅𝐴↓𝑉↓𝑅 ↑ = ∑𝑖=1↑𝑛▒𝑆𝑅𝐴↓𝑉↓𝑅 ↑𝑖  /𝐿   

•  𝑆𝑅𝐴↓𝑉↓𝑅 ↑𝑖 = 𝑇𝐷↓𝑖 × 𝑉↓𝑅 −∫𝑙↓𝑖 ↑𝑙↓𝑖+1 ▒𝑓(𝑣)𝑑𝑣   ,  v≤𝑉↓𝑅  
-  𝑓(𝑥): function of a given speed profile 
-  𝑣: bicycle speed (m/sec) 
-  𝐿: length of road segment 
-  𝑇𝐷↓𝑖 : travel distance i at lower speeds than reference speed for 𝑆𝑅𝐴↑𝑖  ( 𝑙↓𝑖+1 − 𝑙↓𝑖 ) 
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!   Extraction of BMF 

•  𝑆AAA↓𝑎𝑐𝑐15↑𝑎𝑐𝑐85 = ∑𝑖=1↑𝑛▒𝐴𝐴𝐴↓𝑎𝑐𝑐85/𝑎𝑐𝑐15↑𝑖  /𝐿  
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!   Selection of the BMF 

•  The selection of salient input features, that sufficiently differentiate bicycling environm

ents, is important in developing a robust classifier 

-  𝑉↓𝐴𝑉𝐺  

-  𝑉↓𝑆𝑇𝐷 

-  𝐴𝐶𝐶↓𝑚𝑖𝑛 

-  𝐴𝐶𝐶↓85𝑡ℎ 

-  𝐴𝐶𝑁

-  𝑆𝑆𝑅𝐴↓𝑉↓𝐴𝑉𝐺 ↑  

-  𝑆𝐴𝐴𝐴↓𝑎𝑐𝑐15↑𝑎𝑐𝑐85  
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!  Performance evaluation 

•  Compare classification performance of cycling environment by the heuristic method b

ased model and the statistical model using CCR 

•   Correct Classification Rate (CCR) 

-  The ratio of correctly classified perception cases to the total number of perception case 
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𝐶𝐶𝑅= 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑙𝑦 𝑐𝑙𝑎𝑠𝑠𝑖𝑓𝑖𝑒𝑑 𝑝𝑒𝑟𝑐𝑒𝑝𝑡𝑖𝑜𝑛 𝑐𝑎𝑠𝑒𝑠/𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟
 𝑜𝑓 𝑝𝑒𝑟𝑐𝑒𝑝𝑡𝑖𝑜𝑛 𝑐𝑎𝑠𝑒𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑑𝑎𝑡𝑎 𝑠𝑒𝑡 ×100% 



!   Binary Logistic Regression 

Pr𝐵𝐼𝐸𝑉𝑁↓𝑛 =1𝑋↓𝑛   = exp[𝑓(𝑋↓𝑛 ,𝛽)]/1+exp[𝑓(𝑋↓𝑛 ,𝛽)]      

•  𝐵𝐼𝐸𝑁𝑉↓𝑛 : dependent variable representing whether bicycling environment is satisfactory (𝐵𝐼𝐸𝑁𝑉↓𝑛 =1) 

or unsatisfactory (𝐵𝐼𝐸𝑁𝑉↓𝑛 =0)  

•   𝑋↓𝑖 : vector form of selected independent variables affecting bicycling environments 

•   𝑓(𝑋↓𝑛 ,𝛽): a function of the independent variables and a parameter vector to be estimated 
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Variable 𝛽 Standard error Wald statistic Sig. probability 

𝑉↓𝐴𝑉𝐺  0.318 0.058 30.351 0.000 

𝑉↓STD  -0.210 0.102 4.203 0.040 

ACC↓min  -0.737 0.176 17.604 0.000 

𝐴𝐶𝑁  
-18.885 3.692 26.159 0.000 



ACC↓85tℎ  
10.973 2.781 15.564 0.000 



𝑆𝐴𝐴𝐴↓𝑎𝑐𝑐15↑

𝑎𝑐𝑐85  

0.008 0.004 4.662 0.031 

Constant -1.539 0.840 3.360 0.067 

• Model Chi-square: 56.512    • -2 log likelihood: 319.415 
• Nagellerke R-square: 0.219   • Correct classification rate: 68.4% 



!  Performance evaluation 

•  Correct Classification Rate (CCR) 

-  The ratio of correctly classified perception cases to the total number of perception case 
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𝐶𝐶𝑅= 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑙𝑦 𝑐𝑙𝑎𝑠𝑠𝑖𝑓𝑖𝑒𝑑 𝑝𝑒𝑟𝑐𝑒𝑝𝑡𝑖𝑜𝑛 𝑐𝑎𝑠𝑒𝑠/𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟
 𝑜𝑓 𝑝𝑒𝑟𝑐𝑒𝑝𝑡𝑖𝑜𝑛 𝑐𝑎𝑠𝑒𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑑𝑎𝑡𝑎 𝑠𝑒𝑡 ×100% 

SVM 

75.5% 

BLR 

68.4% 



!  Public Bicycle Systems 

•  According to Shaheen et al. (2011), as of March 2011,  

-  more than 135 bicycle-sharing programs operating in 160 cities 

-  smart technologies including smart cards, GPS receivers, and radio frequency identificatio

ns. 
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•  Public bicycle systems in Korea 



!  Application scenarios 
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!  This study attempted to develop a methodology for identifying bicycle environments base

d on GPS bicycle speed data. The proposed methodology can that it fully exploits the ben

efit of public bicycle-sharing systems.  

!  Bicycle Monitoring 

•  Bicycle counts, bicycle section speed, and origin-destination information etc.  

•  Real-time/historical bicycle traffic information on more user-friendly routes 

•  Performance measures in evaluating both bicycle policies and bicycle traffic operations strategie

s 

•  Proposed method allows decision makers to identify 

-  hazardous roadway sections  

-  prioritizing pavement maintenance 

-  more cost-effective and efficient infrastructure management 
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!  Consideration in further study 

•  Traffic and road conditions: traffic volume, signal, lighting 

•  Weather conditions: snow, rain, fog 

•  Sophisticated modeling techniques 

!  Public bike systems 

•  Location of stations 

•  Sensor technologies  

!  Develop application 
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