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Abstract 

Each and every city would be enhanced with word "Smart". Various problems like traffic co ngestion, pollution and high accident 

rate are mainly due to rapid urbanization and motorization which are the major issues in achieving goal to make a city "Smart ". 

The problem can be overcome to a great extent with optimization of signal cycle length which takes pedestrian crossing time into 

consideration. This paper mainly focuses on pedestrian crossing which is the most dangerous place in transport field. The beh aviour 

of pedestrian crossing under mix traffic condition at signalized intersection is need ed to be considered while optimizing signal 

cycle. The pedestrian clearance time affected by various pedestrian characteristics and surrounding environment under mixed 

traffic condition at signalized intersection is analysed for safe and efficient traffic management. This paper considers signalized 

intersection to develop optimization signal cycle length model in order to improve pedestrian safety and provide necessary 

infrastructure.                  

Keywords: Traffic Management, Pedestrian Signal, Pedestrian Clearance Time, Intersection Characteristics, Smart City 

________________________________________________________________________________________________________ 

I. INTRO DUCTIO N 

A developing country faces many problems regarding traffic and this kind of hazard is mainly concerned in traffic engin eering. 

The problems which are of major concern are traffic congestions, air and noise pollution, high accident rates and lack of pro per 

facilities and these are mainly due to high growth in population and rapid motorization. The term ‘Traffic’ is highly related to 

traffic intersection as an important part of urban road networks. Operation of traffic plays a key role in the vehicle speed and overall 

efficiency of entire road networks. 

Most of the traffic research work has been focused on study related to vehicles. The safety, comfort and convenience of 

pedestrian always get the secondary importance. A thousand-mile journey begins with a first step and walking is our first means 

of transport every trip begins and ends with walking. Whichever mode of transport  is chosen by people, walking is a part of that 

trip. Hence, each person is a pedestrian during some part of his/her trip. Not only vehicle’s drivers but pedestrian also exp erience 

delays at signalized intersection. Pedestrians are considered as the most vulnerable road user involved in large number of accidents 

due to the complexity in evaluating their behaviours under different conditions of traffic and driver behaviour.  

According to the National Crime Records Bureau 12,385 pedestrian deaths were reported  for the year 2013 in India. The precise 

number of pedestrians injured and killed is difficult to estimate and could be approximately more than 40,000 deaths annually  in 

India. More than half of injured and killed pedestrians were young men in the age grou p of 16-45. Probable causes of pedestrian 

accidents at intersections are inadequate protection provided for pedestrians, unwarranted signals, inadequate signal phasing  and 

restricted sight distance.  

States reported a total of 2,636 pedestrian fatalities for the first six months of 2017. Adjusting the raw data based on past trends, 

Governors Highway Safety Association (GHSA, Washington) estimates that there were 5,984 pedestrian fatalities in 2017, 

essentially unchanged from the 5,987 pedestrians killed in 2016. The report also explores potential contributors to the high number 

of pedestrian fatalities, considering factors including state legalization of recreational marijuana and the dramatic growth in 

Smartphone use. 

The pedestrian crossing speed is used in signal timing arrangements. If the crossing speed is overestimated then pedestrians will 

not be able to complete their crossings within the given time. On the other hand if it is underestimated then the vehicles will have 

delays at the intersections. Thus, the need of optimization of signal cycle length for improving safety and also for effective traffic 

management of any signalized intersection is arising. Pedestrian clearance time should be taken in consideration during this 

optimization. Pedestrian clearance time is evaluated from pedestrian crossing speed and length of cross -walks. Pedestrian crossing 
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speed is important design parameter in designing of signalized intersection and it is affected by many factors like age group , gender, 

crossing pattern, Numbers of pedestrian and risk taking ability. 

Conventionally, signal optimizations are stage-based or group-based (phase-based). In stage-based approach, traffic movements 

are grouped and move together in same time window and then green time is allocated  to each stage. Where as in group-based 

approach, there is no need of stage-structure, green time is allocated to each traffic movements and this approach proved to be 

more efficient and flexible. Objectives of optimization are similar in most of the approaches; i.e., the minimization of vehicle delay 

and maximizat ion of intersection capacity with undersaturated and oversaturated vehicular traffic, respectively.  

Different studies have been done on pedestrian behaviour influencing pedestrian crossing speed a nd it has been found that the 

value is largely varying from the existing manual ‘Indian Road Congress’ (IRC) estimated walking speed at crosswalks of 1.2 m/s. 

This constant value is not applicable for mix traffic conditions prevailing at signalized intersections. Study also focuses on analysis 

of existing facilities for pedestrian and necessary improvement or modern facilities need to be provided for ensuring pedestr ian 

safety and enhancing aesthetics of smart city. 

The objective of providing good quality of service to the pedestrians is evaluated in terms of average delay to the pedestrians 

and also in terms of the comfort experienced by them. These are defined in terms of Level of Service (LOS) and are designated  

with letters A, B, C, etc. indicating good quality of service in the ascending order. 

II. LITERATURE REVIEW  

A. Pedestrian Behaviour at an Intersection 

Lam et al. (2002) determined pedestrian crossing speed under different flow conditions to improve capacity of crosswalks at 

signalized intersections through the development of pedestrian models. 

Laxman et al. (2010) examined the pedestrian characteristics in sideways and walkways. Pedestrian behaviour analyses have 

great implications for transportation and urban planning policies and design practices. They conducted study in two different cities 

of India; one is Roorkee and second is Delhi. Based on land use, width of carriageway and shoulder, and available space betwe en 

shoulder and shops these locations were selected. 

4-5 pedestrians were randomly chosen from the total count and the time taken by them to travel particular distance was noted 

with an accuracy of 0.1 second for speed measurement. Variation in speed of pedestrians with respect to various pedestrian 

characteristics like age and gender, and movement (individual or in group, with or without baggage) were analysed.  

Data collected from locations under mixed traffic condition were presented in the form of mathematical and graphical 

relationships between speed and volume, speed and density, flow and area module, and flow and density. From analysis of results, 

the pedestrians crossing speed is observed to be 80 m/min which is higher than that reported for China and Singapore but less er 

than that of Germany. They observed that many of the pedestrians were using carriageway for travelling one place to another or 

for crossing the road. This resulted in conflict between pedestrian and motorized vehicle. These locations have lowest width of 

carriageway and the available space between shoulder and shops occupied by the shop owners for the display of their material and 

the rest by the parked vehicles. Thus pedestrian faced more friction, but due to free movement of pedestrian on the road their speed 

increased. With increase in age, energy level decreases and thus speed also decreases. Walking together also reduced speed of 

individual. Carrying baggage increase in friction, thus reduce speed of pedestrian. Females walk faster than males, e.g., sub ways. 

Asano and Alhajyaseen (2014) observed that pedestrian clearance time provided between the end of pedestrian green indication 

and the onset of subsequent vehicle green indication in Japan may not be sufficient. Pedestrian green indications are followe d by 

Pedestrian flashing green (PFG) indications and during this time pedestrians are not allowed to start crossing and those in the 

crosswalk have to finish crossing to either side of the crosswalk. Observation says that PFG intervals are shorter than the n ecessary 

clearance time and red Buffer Interval (BI) which provided between the end of the PFG and the succeeding vehicle green indication 

is relatively longer. Many of the pedestrians enter crosswalks during PFG and the BI duration, provided to avoid conflict bet ween 

pedestrian and vehicle, is also used by pedestrian as  a part of clearance time. As a result, most observed pedestrians who started 

crossing after the onset of PFG cannot finish crossing before its end and cannot even finish before the succeeding vehicle green 

indication. However, considering BI, current setting of PFG + BI time is shorter than the required clearance time. The settings in 

the US (it uses three type of pedestrian signal indications: “WALK,” flashing “DON’T WALK,” and “DON’T WALK.”) and 

Germany (it uses green and red indications) is sufficient. This study clarifies the differences between signal setting concepts in 

various countries as shown in Table: 1and analyses pedestrian clearing behaviours under the Japanese signal control system.  
Table – 1 

Pedestrian Clearance Time 

US GERMANY JAPAN 

𝑡𝑢=
𝐿

𝑉
 

L = Crosswalk 

length (m) 

 

V = Crossing 
speed (m/s) 

 

𝑡𝑔=
𝐿𝑐𝑝

𝑉
 

𝐿𝑐𝑝 is the clearing distance, i.e., the distance between the entering 

curb and the conflict area. And it is equivalent to L in case of 

ordinary intersection. 

 

V is usually set as 1.2 m/s (1.0 m/s for handicapped or elderly people) 
and as 1.5 m/s at most. 

𝑡𝑗=
𝐿

𝑉
+

𝑝

𝑠𝑊
 

p = Number of queuing pedestrians at the 

onset of pedestrian green indication 

s = Saturation flow of pedestrians per unit 

width 
W = crosswalk width (m) 
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V is taken as 

1.07 m/s 

V is set as 1.0 m/s if many elderly pedestrians 

are present; however, 1.5 m/s is practically 

applied. 

Marisamynathan and Vedagiri (2014) analysed 775 pedestrian samples observed from three signalized intersections in Mumbai, 

India for their crossing behaviour like crossing speed, compliance with signal, and pedestrian-vehicular interaction under mixed  

traffic conditions. Factors influencing pedestrian crossing speed like pedestrian crossing volumes, crossing time, pedestrian  

appearance (like gender and age group), crossing  behaviour (such as walking or running, alone or in groups and crossing speed 

variations), crossing locations (whether using the crosswalk or not using), pedestrian crossing phase time (whether pedestrian 

crossing during green phase or non-green phase) and pedestrian-vehicle interaction at crosswalk have been studied and a design 

crossing speed was determined for old and adult pedestrians as 0.95 m/s and 1.12 m/s respect ively. Average crossing speed varies 

between 1.2 m/s to 1.4 m/s. The field average crossing speed of 1.34 m/s matches well with field value of 1.33 m/s measured in 

China which is also a highly populous region. The crossing speed variation is defined as the difference between the 85th and 15th 

percentile speed obtained from cumulative frequency graph. A new factor termed as crossing speed deviation factor (CSDF) is 

established and defined as  the ratio of the crossing speed variation and average crossing speed. It can be derived from given 

equation. 

CSDF =  
(v85 −v15)

v50
                                                         (1) 

The result of analysis indicates that pedestrians  were interested in walk rather than running during crossing. Around 44% 

pedestrians complying with traffic signals and at highly populous regions, rate of noncompliance was higher during peak hours. 

Only 78% pedestrian utilized the crosswalks. Male pedestrian crossing speed was more than the female. Crossing speed affected 

by age of pedestrian, adult pedestrian have fastest crossing speed than the child and old pedestrian. Pedestrian crossing speed of 

group was less than that of a single pedestrian. The pedestrian crossing speed is more during non-green phase than the green phase. 

Increase in waiting time deceased rate of compliance of pedestrian. Study showed that the existing models failed to provide 

necessary accuracy of pedestrian delay estimation at signalized intersections in India because those models did not consider all 

possible pedestrian crossing behaviours under mixed traffic conditions. 

Akash et al. (2014) conducted study in Roorkee city, Uttarakhand, India for analysis of pedestrian crossing behaviour. The effect 

of pedestrian characteristics like age, gender and that of carrying baggage and luggage as well as their crossing patterns(“one 

stage”, “two-stage”, “perpendicular direction” and “oblique direction”) were examined on pedestrian flow characteristics like 

crossing speed and waiting time. Pedestrian safety was also analyzed with respect to safety margins and gaps accepted by pede strian 

in traffic stream. Crossing patterns were observed for different age groups and gender. Pedestrians arriving at the pedestrian 

crossing look for acceptable gaps between vehicles in the traffic stream. They either accept or reject such gaps. Rejection o f 

prevailing gaps leads to longer waiting time at the curb side. Based on crossing patterns, most of the pedestrian crosses the road in 

perpendicular direction and few of them crosses the road in two stages. Male and adult pedestrian have higher crossing speed.  The 

majority of pedestrian decline to take risk for safety and time gaps were not very high only few of them tacking high risk. Carrying  

baggage and luggage also reduced crossing speed. 

Wu et al. (2015) collected traffic data from 50 signalized intersections under mixed flow condition in Xi’an, China. The key 

objective of study was to develop an optimization traffic signal cycle length model for signalized intersections. The vehicle delay 

time, pedestrian crossing time as lower boundary and drivers’ anxiety as upper boundary were taken into consideration in 

Optimization cycle length model. Therefore green split time for pedestrian crossing is calculated as  

gmin = 7 + tp                                                                         (2) 

And pedestrian cycle length is calculated as  

cmin = ∑(gmin
)  + L                                                               (3) 

Where, tp = Crossing time (s) = 
Lp

vp
                       (4) 

Lp = lenght  of cross walks (m) 

vp = pedestrian  crossing speed  (m/s) 

L = Total lost time (s) 

Varsha and Bindhu (2016) assessed pedestrian crossing behaviour according to the demographic characteristics like age, gender 

and crossing patterns which differ from person to person. Also they tend to violate the green phase in absence of separate pedestrian 

green phase provided for crossing, they usually cross during red phase (when vehicles stops) in order to reduce their delay keeping 

themselves at risk at a signalized intersection. They also analysed the pedestrian characteristics like age, gender and crossing 

patterns (One step crossing, two step crossing and combined one step and zigzag crossing) at Pattom Junction, Trivandrum, Kerala. 

Pedestrian walking speed at a crossing was  found to be varying from the assumed constant value 1.2 m/s recommended by IRC 

(1985). Average crossing speed varies  between 1.58 m/s to 1.91 m/s. The average crossing speed of male (1.5m/s) more than that 

of the female (1.4 m/s) pedestrian. It is also observed that most of the pedestrians were not using crosswalks and they follow two 

type of crossing pattern (One step crossing and two step crossing). The study also focuses on the need of enhancing traffic measures 

and implementing traffic management for the pedestrian safety. 

Alver and Onelcin (2017) carried out investigation for the pedestrian’s crossing speeds, delays and gap perceptions  at 6 

signalized intersections in Izmir, Turkey. From each intersection, crosswalk having highest pedestrian density was selected for 

observation. By videography method, data were collected from each intersectio n during peak hours. The average crossing speed 
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of 1.31 m/s and the average 15th percentile crossing speed of 1.07 m/s were founded from 2694 observed pedestrians  and compared 

with design crossing speed of 1.4 m/s in Turkish Standards Institute (TSI, 2012). At locations, where traffic volume is high 

pedestrian crossing speed is low and vice-versa. Pedestrian who moved individually; without items; male and younger have high 

crossing speed than that of moved in group; with items; female and old, respectively. 

Pedestrian also experience delays during green signal in Turkey and existing models in developed countries do not take these 

delays into account. Study also focused on Safety Margin, i.e. the time that a vehicle needs to arrive to the point where the 

pedestrian crosses, and based on this Safety Margins for pedestrians who crossed illegally (within the 25 m from the crosswalk) 

were measured. 

Age is a significant factor affecting gap perception studies. Vehicle speed and time also affect gap acceptance. It is found that 

elderly pedestrians made less safe decisions than that of the young pedestrians despite leaving longer gaps because the elderly 

pedestrians underestimated their crossing times . The young group had a safety margin between 0–2 s while the elder group had a 

negative safety margin of up to -10 s because of underestimated time required for crossing the road. Safety margin was 1.81 s at 

60 km/h speed while it was 2.29 s at 40 km/h vehicle speed. 

Pedestrians delays obtained from six signalized intersections are compared with the results of the equations presented in 

HCM2010 (only considers the effective green duration and the signal cycle) by Braun&Roddin (1978) and by Virkler (1998) 

(added 69% of the clearance phase to green duration).Two different delays have been computed. Delay1 is the delay experienced  

by pedestrians who arrive during red phase and wait until the green phase to cross  and Delay2 is the total delay experienced during 

both red and green phases. In comparison, Delay2 has lower values. This shows that an illegal crossing (crossing during red phase) 

decreases the delays. The results of Virkler equation gave relatively better results compared with the observed delays. However, it 

doesn’t reflect local behaviour of pedestrian. Thus, it is clear that a new delay model is required. 

Ma et al. (2017) proposed a convex (quadratic) programming approach to optimize traffic signal timings for an isolated 

intersection with one and two-stage crosswalks with undersaturated vehicular traffic condition. Both vehicle delay and pedestrian 

delay at different types of crosswalks (one or two-stage) were modelled and converted into quadratic forms. They adopted the total 

weighted delay of pedestrians and vehicles in optimization. This s tudy also includes the effectiveness of the consideration of 

pedestrian delay as well as geometric and spatial constraints (e.g., available space on the refuge island) in the signal optimization . 

A typical intersection with four approaches is illustrated in Fig. 1. When a crosswalk at an intersection is long (>16 m), a safe 

median refuge island is requested and preferred by traffic engineers.  But the limited space on the refuge island is usually ignored 

and this imposes restrictive constraints to the signal optimization problems as  user's safety is concerned. 

A typical North American dual-ring, eight-phase controller was implemented in the study and fixed signal timing was applied. 

The optimal vehicle and pedestrian signal plan was illustrated with ending t imes of the eight vehicle phases and the starting times 

of the pedestrian Walk interval, the flashing Don’t Walk (FDW) interval, and they Don’t Walk (Stop interval) at one or two-stage 

crosswalk in each approach. The optimization objective was to minimize delay, the optimal cycle length with minimum value 60 

seconds was preferred, although it may seem short, all constraints were satisfied with vehicle and pedestrian demand. The two -

stage crosswalks make it possible to accommodate crossing pedestrians in a short cycle. 

 
Fig. 1: An intersection with stage crosswalks. 
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To validate the effectiveness of the proposed model the pedestrian delay (key objective) and the capacity constraints (Refuge  

Island at a two-stage crosswalk) were removed for comparison. The optimization result shows that under low pedestrian demand, 

vehicle delay decreases by 8% after pedestrian delay removed from the objective function while pedestrian delay increases by 

58%. 

From the analysis it can be concluded that a two-stage crosswalk may outperform a one-stage crosswalk in terms of both vehicle 

and pedestrian delays. The consideration of pedestrian delay in the objective makes a significant difference, especially from the 

perspective of pedestrian traffic. Also, capacity constraint is found to be significant in case of two stage crosswalk. 

Deepti et al. (2018) analysed three types of pedestrian speeds (entry speed, crossing speed, and exit speed) from busy 

intersections in Doha, Qatar.  

 Entry speed (ven): The instantaneous speed with which a pedestrian enters the crosswalk.  

 Exit speed (vex): The instantaneous speed with which a pedestrian exits the crosswalk.  

 Crossing speed (vc): The crossing speed of a pedestrian is the average travel speed along the entire crosswalk.  

Data were collected through 12 hours videotaped on typical weekday and extracted for 1 hour to determine the effect of signal 

indications, crosswalk length, and crossing direction on pedestrian speeds. Pedestrian movements were tracked using Traffic  

Analyser software and obtained data was compiled to calculate different speeds. The results of this analysis showed that only 

23.69% pedestrians crossed legally, during pedestrian green or pedestrian flashing green interval. It was found that the pede strian 

entry speeds were significantly affected by the pedestrian signal indications; the pedestrian crossing speeds  depends on crosswalk 

length while pedestrian exit speeds were independent of crosswalk length but significantly affected by crossing direction. Us ually, 

pedestrians crossing speed during R (Red interval) is more than the speed during PG (Pedestrian Green interval) and PFG 

(Pedestrian Flashing Green interval) but in this case the crossing speed during PG and PFG and single staged crossing during R 

was not significantly different. 

III. PEDESTRIAN FACILITIES  

Sophie Stimson (2013) enlist following pedestrian crossing improvements:-  

A. Bulb-Outs: 

Extensions of the sidewalk into the parking lane as shown in Fig. 2, in order to shorten the crossing distance. Bulb-Outs make the 

pedestrian more visible to drivers and cars more visible to pedestrians. 

 
(a)                                                                                                                      (b) 

Fig. 2: Bulb-Outs 

 

B. Lighting Systems:  

These warn motorists that a pedestrian is present. Flashing beacons are installed on either end of the crosswalk and are activated 

by a pedestrian. Fig. 3 shows Lighting Systems. 
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(a)                                                                                                       (b) 

Fig. 3: Lighting Systems 

C. In-pavement Lighting: 

Low profile Lights along the edges of the crosswalk. Lights are activated by a push button, or pass ively when a pedestrian passes 

between two bollards (sturdy, short, vertical post). 

 
(a)                                                                                                       (b) 

Fig. 4: In-pavement Lighting 

D. Crossing Islands: 

These allow the pedestrian to cross one half of the street at a time. Crossing Islands are shown in Fig. 5. Pedestrians are able to 

more easily find gaps in traffic, and reduce their exposure to a large number of cars at one time. More Simple devices that raise 

driver awareness of a crosswalk are centreline markers and crossing flags. 

 
(a)                                                                                                              (b) 

Fig. 5: Crossing Islands 

 

Subramanyam and Kumar (2017) checked adequacy of existing facilities of the selected location based on IRC latest guidelines 

and provide counteractive measures. Eleven locations from Chennai were chosen, based on the conflict between vehicular traffic 

and pedestrian traffic. Pedestrian volume count during peak period (morning: 8am to 10am and evening: 6pm to 8pm) and 

Geometric details of the study locations such as Footpath width, kerb height etc . were collected. Other details such as type of 
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footpath surface, obstruction, electrical poles, location of trees, encroachment, subway, Foot over Bridge etc. were also obs erved. 

To know the fluctuation in pedestrian traffic volume within the peak period, Peak Hour Factor (PHF) was calculated from different 

locations and value of it ranges between 0.9 to 1.0. Speed data collected and Level of Service (LOS) calculated for the study  

location. From the analysis of data collected at various study locations and based on the LOS calculations following suggestions 

for improvement of pedestrian facilities were made. 

E. Instalment of Rumble Strips: It May Be Installed in a Series Across the Direction of Travel, to Warn Drivers of a Stop or 

Slow down Ahead, or of an Approaching Danger Spot. 

 
(a)                                                                                                                             (b) 

Fig. 6: Instalment of rumble strips 

 Construction of pedestrian islands  

 Instalment of pedes trian’s sensors in crosswalks  

 Instalment of more perspicuous traffic signs and signals  

 Removal of trees and utility poles   

Elizabeth Gohringer (2017) studied the Pedestrian plaza program, which converts the space available on the existing road and 

pavement to incorporate all essential pedestrian amenities and create an open social space outside shops free of automobiles. Th is 

practice has been done in several large cities like Los Angeles, New York and San Francisco, in recent years for activating d ifferent 

public places and also to attract pedestrians including senior citizens and the differently -abled, who will have a place to walk, shop, 

eat and lounge freely without the fear of motor accidents. 

 
(a)                                                                                                         (b) 

Fig. 7: Pedestrian plaza 

 

Bhaskara Gundluru (2018) listed facilities for pedestrian in smart city which are as follow: 

F. LED Smart Crossing in London: 

An architectural firm in the United Kingdom created an innovative and futuristic road design concept to develop the smart 

pedestrian crossing in London. This working prototype called Starling Crossing replaces dumb asphalt with a non -slip road surface 

that is embedded with computer-controlled LED lights that keep vehicles and pedestrians safely separated. 
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                                                          (a)                                                                                                         (b) 

 
                                                          (c)                                                                                                         (d) 

 
(e)                                                                                                             (f) 

Fig. 8: LED Smart Crossing 

Cameras mounted on street lights feed images of the area to a computer vision system that recognizes and tracks the movement  

of people, cars and cyclists. If a smart phone distracted pedestrian starts to cross against the light, for instance, the sid ewalk beneath 

him lights up with a personalized warning signal that is impossible to ignore. If a child darts between parked cars, drivers are 

alerted with a red buffer zone that forms on the road around him. 

The crosswalk has advantages for vehicles as well as pedestrians. If no pedestrians are in the area, the crosswalk disappears and 

only reappears when a pedestrian stand facing the road. The crosswalk can also change in size and shape — expanding to 

accommodate rush-hour crowds, for example, or moving its stop lines back in wet weather to accommodate cars’ longer stopping 

distances. 

G. Smart Pedestrian Signal - Dubai Smart City Initiative 

The Dubai Roads and Transport Authority (RTA) installed the Smart Pedestrian Signal as part of Dubai’s Smart City initiative.  

The Smart Pedestrian Signal is activated by sensors connected between the ground and the traffic light. The pedestrian traffic will 

be measured (e.g., the number of pedestrians waiting and time needed to cross the path) by the smart signal. Based on the waiting 
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time and the size of the pedestrian traffic, the signal time will be adjusted for the safe and smooth pedestrian crossing with adequate 

consideration given to the vehicular traffic. These futuristic signals are being operated in Downtown's Al Saada Street.  

 
(a)                                                                                                              (b) 

Fig. 9: Smart Pedestrian Signal 

H. San Diego Smart Street Lights to Monitor the Traffic: 

Street lights are among those devices that are becoming the eyes and ears of smart cities. By mid -2018, about 3,200 of the cameras  

built in sensing lights  installed in populated parts of San Diego, to monitor an oval area o f roughly 36 m x 54 m. First of all they 

found out vacant parking place for drivers and took help of traffic enforcement officers for cars parking. This connected street 

lights will monitor pedestrian traffic and reroute cars during peak hours, reducing pedestrian accidents and alleviating cong estion.   

 
(a)                                                                                                     (b) 

Fig. 10: Smart Street Lights 

They share details of the traffic and location to help visually impaired people and food trucks to find locations where parking 

spaces are available and a history of high pedestrian traffic, and identify interesting events in real time, finding hot spot s by tracking 

where pedestrians are heading. 

Surat Smart City Development Ltd. (2017) also focus on Visual Improvement in area  

 For visible improvement in the area, implementation of road dividers, proper signage, decorative traffic islands etc. relevan t 

to smart city is proposed. 

 Cycle track and footpaths without encroachment to improve the walkability  

 No Vehicle Zone to reduce the pollution and to promote recreation/ art display. 

IV. CO NCLUSIO N 

From the above studies it can be concluded that for safe and efficient traffic management at any signalized intersection, 

optimization of signal cycle is required. And pedestrian crossing time must be taken into consideration during optimization t o 

ensure pedestrian safety. Various pedestrian behaviours like crossing speed, compliance with signal and pedestrian- vehicular 

interaction under mix traffic condition need to be analysed as pedestrian crossing time is a function of pedestrian crossing speed 

and travel distance. Different pedestrian characteristics like age group, gender, cross ing pattern, numbers of pedestrian, with or 

without luggage, and risk taking ability affect crossing speed of pedestrian. Geometric factors like crosswalk length, one or  two 
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stage crosswalk and land-use are to be analysed. Other factors like, gap perception and safety margin are also required to be 

considered.  

Age and gender have significant effect on crossing speed. Young pedestrians have high crossing speed than old. Male pedestrian 

crosses the crosswalks faster than female. Pedestrian crossing individually has high speed than moving in group. Baggage cause 

friction and reduce crossing speed. Pedestrians walked fastest during don’t walk phase, faster during flashing phase, and wit h 

average speed during walk phase. Age also affect gap acceptance and safety margin, elder pedestrians reject gaps and takes less 

risks compared to younger pedestrian which increase their delay time.    

It is clear that the actual pedestrian crossing speed largely vary from standards or constant design crossing speed 1.2 m/s ( IRC 

093-1985). IRC should revise the present crossing speed and recommend a more realistic crossing speed value. Not only in India, 

crossing speed vary from standard values in different countries. Also in India, driver have tendency to occupies crosswalk sp ace 

during red interval, due to which pedestrians are unable to use crosswalks effectively and these may result in hazardous cond ition. 

Sidewalks are also often occupied by the shop owners for the display of their material. 

In India, pedestrian crossing is regulated by green and red indication while countries like Japan, US, etc. use additional clearance 

indication so that the pedestrian who are in crosswalk can move to the kerb side before green indication for vehicle start an d arrive 

to the point of safety. In India, pedestrian signals must be optimised with consideration of green, flashing green and red intervals 

for better pedestrian movement and to reduce accidents rates, likely to occur by pedestrian noncompliance behaviour. Concept of 

Pedestrian plaza may be adopted in India.      
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