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RESUMO

NUNEZ, J. Y. M. Estresse fisiologico dos ciclistas e planejamento e avaliacio de
redes cicloviarias. 2018. Tese (Doutorado) - Escola de Engenharia de Sao Carlos da
Universidade de Sdo Paulo, 2018.

Os planejadores de transporte precisam avaliar as condi¢des de estresse dos usuarios em
infraestruturas ciclovidrias, uma vez que situagdes de alto estresse podem desencorajar o
uso deste modo de transporte sustentavel. Poucas pesquisas t€ém questionado se existe
alguma relagcdo entre esses fatores ambientais e a resposta emocional em termos de
medidas objetivas do estresse. O objetivo deste trabalho ¢ explorar a incorporacdo de
sensores inteligentes no planejamento e avaliacdo da infraestrutura cicloviaria. Essa
nova abordagem ¢ focada na perspectiva de monitorar parametros intrinsecos ao
usuario, como as emogdes. Nesta perspectiva, os indicadores dos niveis de estresse sdo
feitos a partir da medigdo direta de respostas fisioldgicas em ciclistas ao longo do
percurso. Essa abordagem aproveita os recursos tecnoldgicos para extrair informagdes
dos usuarios e permitir o uso dessas informagdes de forma integrada para melhorar a
infraestrutura dos ciclistas. Os dados foram coletados por meio de sensores de estresse,
de ruido e acelerometros incorporados a um smartphone e GPS. Inicialmente ¢
apresentado o problema e como o projeto e avaliacdo das ciclovias tem sido abordada na
literatura. A abordagem proposta permitiu identificar as contribuigdes mais relevantes e
as lacunas de pesquisa, tais como, a falta de pesquisas baseadas em critérios de
objetivos e a falta de pesquisas que envolvam o desenho e a avaliagdo de cenarios de
infraestrutura compartilhados com veiculos automotores. Em seguida foi proposto um
método objetivo de avaliacdo de infraestruturas cicloviarias, combinando a avalia¢ao
ambiental com medi¢des de aceleracdo vertical, a fim de melhorar a coleta de dados e
outros procedimentos necessarios para avaliar os principais componentes das
infraestruturas ciclovidrias. Na sequéncia uma ferramenta para caracterizar o estresse de
trafego de ciclovias, denominada Level of Traffic Stress (LTS), foi validada com
medidas fisioldgicas no contexto urbano de uma cidade brasileira de porte médio.
Observou-se que nao ha correlacdo e ha pouca concordancia entre esses parametros.
Ressalta-se ainda que, mesmo ao incorporar informagdes de velocidade de trafego a
ferramenta LTS, ndo foi significativamente relacionado com estresse medido sob a
perspectiva do ciclista. Por fim, foi investigada a influéncia do ruido, vibragao,
presencia ou auséncia de ciclovias e periodo do dia no estresse experimentado pelos
ciclistas. Uma analise dos valores de p e dos intervalos de confianca das razdes de
chances mostraram, com um nivel de confianga de 95%, que apenas o periodo do dia
influenciou o estresse. Neste caso, as chances de ter estresse aumentaram em 24% na
hora pico da tarde em comparagdo com a hora pico da manha. Este estudo mostrou a
viabilidade da avaliagdo do estresse em ciclistas por meio de um método de medida
objetiva além da rapida identificagdao dos niveis criticos de estresse.

Palavras-chave: Planejamento de Transporte Cicloviario, Sensoriamento, Estresse,
Ruido, Vibragdo, Infraestrutura cicloviaria. Data mining
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ABSTRACT

NUNEZ, J. Y. M. Cyclists" physiological stress and network planning and
evaluation 2018. Thesis (PhD) - Escola de Engenharia de Sao Carlos da Universidade
de Sdo Paulo, 2018.

Transportation planners need to assess users’ stress conditions on cycling infrastructures
given that highly stressful situations can discourage the use of this sustainable transport
mode. Not many studies have addressed the relationships between these environmental
factors and users’ emotional responses in terms of objective measures of stress. The aim
of this study is to explore a new approach for planning and evaluating cycling
infrastructure, based on smart sensors. This new approach focuses on the perspective of
monitoring parameters intrinsic to the user, such as emotions. In this perspective, the
indicators of stress levels are made from directly measuring cyclists’ physiological
responses throughout the journey. This approach makes use of technological resources
to extract information from users through sensors and imparts this information in an
integrated way to improve infrastructures for cyclists. The data were collected using
stress and noise sensors, accelerometers embedded in a smartphone and a GPS. Initially,
the problem is posed and we discuss how the design and evaluation of cycle paths has
been addressed in the literature. The proposed approach identifies the most relevant
contributions and research gaps, such as the lack of research based on objective criteria
and research that involves designing and evaluating infrastructure scenarios shared with
motor vehicles. In the sequence, an objective method for assessing bicycle
infrastructures combining environmental assessment with vertical acceleration
measurements was proposed in order to improving data collection and other procedures
required for assessing the main components of cycling infrastructures. Subsequently, a
tool to characterize traffic stress of cycling routes, called the Level of Traffic Stress
(LTS), was validated with physiological measures in the urban context of a medium-
sized Brazilian city. It was observed that there is no correlation and little agreement
between the parameters. It is also emphasized that even when incorporating information
about the traffic speed to the LTS tool, it was not significantly related to stress from the
perspective of the cyclist. In the final analysis the influence of noise, vibration, cycle
paths and period of day on stress experienced by cyclists was investigated. An analysis
of the p-values and odds ratio confidence intervals shows, with a 95% confidence level,
that only the period of the day influenced stress, as confirmed by the data. In this case,
the chances of having stress increased by 24% in the afternoon rush hour compared to
the morning rush hour. This study showed the feasibility of stress assessment in cyclists
using an objective measurement method, as well as quick identification of critical levels
of stress.

Keywords: Cycling Transportation Planning, Sensoring, Stress, Noise, Vibration,
Bicycle infrastructure, Data mining.

X1



TABLE OF CONTENTS

INTRODUCTION 17
SPECITIC ODJECTIVES ..cvviiiiieiieciiieiie ettt ettt ettt e ebeeseaeensaeeeee e 20
TheSIS OULIINE. ......eeiiiiiieie ettt 20
CHAPTERI

SYSTEMATIC LITERATURE REVIEW USING DATA MINING
RESOURCES: AN APPLICATION TO DESIGN AND ASSESS CYCLING

TRANSPORTATION SYSTEMS...uiitiiiiiiiiiiiiiieiiiiiiaiieciesnisncsesecnn 23
ODJECTIVES ..eenvveeiiieiieeiie ettt ete et e et estteebeesteeeabeesseeenbeensaeesbeenseesaseensaesnseenseessseenseens 23
Database identification and records to be analyzed............ccccceevevieriiiiniieeecieenne, 23
Codification and paper SEIECTION .........eccvieriieiieriieiieie et ee e 24
ELIDIItY CTIEETIA. .. eeiiutiieeiieeeiiie ettt et e e et e e e e e nreeesaneeennne 25
Classification of papers by cluster analysiS.........ceceeveeviirieniriienienieeneeeen 25
Results of the paper selection from the systematic literature review .................... 26
Summary of the most relevant information of each search...........cccccoceevvininnnne. 27
Classification of papers by cluster analysis.........cccceevveeerieeeniieeiieeeieeeee e 27

Classification according to the level of the study

(NEtWOTK OF SEZMENLS ) ....vvieeiiieeiiieeiieeeiteeeieeeeteeeeteeeereeeereeeesreeenaseeensseeens 30
Classification in relation to the criterion found in the research

(ODJECLIVE OF SUDJECLIVE) ..eeeeuviieeiiieeiieeeiieeeieeeeieeeeteeeeaeeesaeeeenreeeneseeensseeens 32
Classification according to the spatial scope of the studies

(urban, suburban o1 both).........ccceeeeiiiiiiiiiiicee e 33
CHAPTERII

COMBINING ENVIRONMENTAL QUALITY ASSESSMENT OF BICYCLE
INFRASTRUCTURES WITH VERTICAL ACCELERATION

MEASUREMENTS 37
(00 <1015 A TSP 37
Back@round...........coocuiiiiiiiieieeeee et e 38

Methods for assessing cycling infrastructures...........ccceeeevveeecveerceeescveeennen. 38

Xiii



Smartphones and Global Position Systems used to plan and evaluate

CYCIEWAYS...etiieiiieeieeetee ettt ettt et e e et e e st e e s baeesnaeeesnseeennseeennseeens 39
Vertical acceleration and vibration on cycleways .........c.ccccceevveenievcieenneennee. 40
Developed Method .........cccveiiiiiiiiieceeee e e 41
Inventory data COllECtION .........cceeeiieriiieiieie et 41
Vibration MEaASUIEIMENTS .......cccvvieeireeeiieerreeesieeesreeeereeeereeesreesreeesnseeenssens 42
INfrastructure aSSESSMENL........ccvueeeiieriieeiieiie et e cee et site et e seeebeesereeseeeenes 43
Results and diSCUSSION ........eieiuiieiiiieciieeciie ettt ree e e e eenee e 45
INVENLOTY ...ttt 45
Vibration MEaASUIEIMENTS .......cccuvreiiieeeiieeereeesieeerreeesreeeereeeereesseeessseeensseas 47
INfrastructure aSSESSMENL........eevuieeiieriieeieeiieeteeeee et e siteeree e ereeseeeeseeeenes 48
CHAPTERIII
VALIDATION OF A TOOL TO CHARACTERIZE TRAFFIC STRESS OF
CYCLING ROUTES USING PHYSIOLOGICAL MEASURES 51
ODJECTIVES ..eenvveeuiieeiieeiieeeiie et et e et estteeteesteeesbeesseeenbeensaeenbeenseasnseenseesnseenseessseeseens 51
Characterization of the study area and data collection............cccccvevvevvierciieennennnne. 51
Level of traffic Stress (LTS) .o e 53
Levels of Service (LOS) ....uiiiiiiie ettt 53
Physiological measures Of Stress ......cocuieriiiiieiieiiieiieeeeee e 54
LTS adjusted by (LTSHLOS) ..coiuieieiieeee ettt 55
Results and diSCUSSION ........eeuiiiiieiiieeiieiieeie ettt ettt s e e 55
Description of the results and correlation analysis..........ccceeeveeeeieeeiiieniieeeiee e, 55
CHAPTERI1V
THE INFLUENCE OF NOISE, VIBRATION, CYCLE PATHS, AND PERIOD
OF DAY ON STRESS EXPERIENCED BY CYCLISTS 61
ODJECTIVES ..eevteeniieeiieeiee ettt et et e et estteeateesteeeabeesseeenbe e saeenseenseesnseeseesnseenseesnseeseens 61
1Y 11 o1 USSR 61
Equipment for Stress, Noise, and Vibration Measurements............ccccecueveereennnene 62
ROULES SEIECLEA ...oovvvieeiieeiiee et 62



Processing and fusing sensor information..............cecceevevieviencieeneencieenneenee. 64

Stress data PrOCESSING....cuvieriuieeiiieeeiieesieeerveeesreeetreesreeesreeesseeessseeessseeens 65
NOISE data PrOCESSING ....vveeurieeiieeiieriieeiieeieerteeeteeteesereeteesteeseessreenseesnseenne 65
Vibration data ProCeSSING .......ccuveeeviieeiiieriieeriieerieeereeeereeeaeeeereeesree e 66
Logistic regression Models ..........ccceeriieiiiiiiieiiienieeiecie e 67

Results and diSCUSSION .......couiiiuiiiiieiie ettt 69
SEIESS MAPS c.evveeeiiiteeite ettt et e st e et e sttt e et e e sbee e sebeeesabeeesabeesnaneeens 69
Results of logistic regression models ...........occveeviieeiiieeiieeniieeeie e, 72
Model SeleCtion SIrAteY .......c.cccverruierieeiiieeiieeiteeie ettt e e eree e 72
Binary treatment of ordinal noise predictors ..........cceevveeeeieeecieercieceiee e, 74
Models with interaction between the variables ...........cccoeieriiieiieniieeneennen. 75

CHAPTERYV

SUMMARY, CONCLUSIONS AND FUTURE WORK 77

Systematic literature review using data mining resources: an application to design
and assess cycling transSportation SYStEMS ........eevueeerieeriieeiieenieeieenireeieesieesieeeens 77

Combining environmental quality assessment of bicycle infrastructures with vertical
acceleration MEASUTCINIENTS .........eevierureeiieriieeteerieeeteesteeebeesseeebeenseesnseeseessneenseens 78

Validation of a tool to characterize traffic stress of cycling routes with physiological
TTIEASUTES ...uveenvreeureenueeeuteenuteeteenseeeateesaeeenbeesseeeabeesueeembeesseesabeesateeaseensteeaseesmneenneennees 79

The Influence of Noise, Vibration, Cycle Paths and Period of Day on Stress

ExXperienced DY CYCLISTS ....ocouiiriiiiieeiieeieeeiie ettt et 80
Future RESEarch ........cccueiviiiiiiie et 80
REFERENCES 83

XV



