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INTRODUCTION 

➢ Metro is one of the efficient mode of public transport, which can be operated in

congested and highly commercial or residential areas, where normal traffic

faces lot of challenge regarding capacity of the stretch.

➢ Metro is not just about modernizing station, tracks and providing new high-

speed trains to the metro systems. It also need to understand the use of

pedestrian facilities, group behaviour and circulation system so as to reduce the

infrastructure delay.

➢ So to reduce infrastructure delay, efficient public transport system needs,

vertical transport infrastructure like escalators, stairs, elevators, ramps and auto

walks etc. which can provide travellers smooth, pleasant and safe travel

experience.
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Transport 
Facilities 

Horizontal Facility

These are designed and 
used for movement on 

level. Ex. Transport 
corridors, walkways, aisles

etc. 

Vertical Facility

These are designed and 
used for movement on 
changes in elevation or 

level. Ex. Stairs, escalators, 
ramps, elevators etc. 

Transitional 
Facility

These are designed and 
used to control access to, 

movement through and 
egress from the circulation 
system. Ex. Doors, gates, 

AFC gates etc.

Informative  
Facility

These are designed and 
used for displaying 

information, indicating 
directions & identifying 
elements through the 

circulation system. 
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Why We Need to Study Inclined Facilities 

➢ Multi-storey transport terminals are needed, due to space constraints in urban and semi-urban

areas.

➢ To cater large number of travellers and to increase the capacity of the transport terminals.

➢ Vertical circulation elements like staircase, escalators, ramps and elevators should be given more

priority due to high rate of accident impact.

➢ So guidelines are needed to optimize pedestrian flow in a transit stations to determine :

▪ Number of Transport Facilities

▪ Size of Transport Facilities

▪ Location of Transport Facilities
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Why We Need To Study Escalators 

Lesser studies exist in this area but the 
impact of the accident on the escalators are 

very high.

Data extraction time period is not fixed 
globally as flow varies with time, country, 

culture, location and type of station.

Capacity at the peak period decides the 
required number of facility, but theoretical 

capacity and field capacity varies drastically 
so it creates confusion in installation.

Escalator etiquette are different in different 
countries and in some countries, no escalator 

etiquette is followed. This also impacts the 
capacity

To improve comfort and experience of 
pedestrian movement on escalators

To improve functionality of the existing 
facility

To improve safety on the escalators.

To save cost on future metro project.
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Escalators Analysis

Escalator 

Study

Analysis of 
Data 

Extraction 
Time Period 

Capacity 
Analysis

Revised 
capacity 

approach using 
Walking factor 

Flow Analysis
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Data Collection

▪ Metro stations are the best locations to get the wide range of data to

study the pedestrian flow parameters and behaviour pattern.

▪ Data was collected by using videography from four different metro

station of Delhi metro.

▪ Two cameras were installed, one at lower level and other at upper

level.

▪ Data were collected between 8:00 am to 10:00 am for morning peak

and 4:00 pm to 6:00 pm for evening peak.

▪ Inventory data of the facility and its approaches was collected using

physical means like cloth tapes, marker, marking tapes etc.
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Delhi Metro 

Yellow Line

Central 
Secretariat 

Metro station 

Terminal
Transfer station 
for Violet and 
Yellow line.

Rajiv Chowk 
Metro Station

Transfer station 
between yellow and 

blue line 

Kashmiri Gate 
Metro Station 

Line interchange
for yellow, red and 

pink line 
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Central secretariats Rajiv chowk 

Kashmiri Gate Kashmiri Gate 

Data Collection site
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Data Extraction  

▪ Both macroscopic and microscopic data were extracted manually by playing the

recorded video frame by frame.

▪ A trap is marked on the escalator and flow data are calculated by counting the

total number of pedestrians passing that trap section during required time period.

▪ Speed, Density, and flow data were extracted for analysis and development of

flow relationship, capacity analysis, conflict analysis and LOS criteria.

▪ The boundary limits for data extraction time interval has been varying between 5

min and 10s.

▪ All the data are extracted for a small period of 10s to get the instantaneous peak.

▪ Extraction time interval is used from 10s to 60s with a gap of 10s and after that up

to 5 min with a gap of 1 min.
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Data Analysis

❑Average pedestrian flow, peak pedestrian flow, standard deviation, coefficient of 

variation and standard error of mean are calculated.

Sl. No.

Data extraction time 

period

Average pedestrian flow Peak pedestrian flow Standard deviation

w.r.t average flow 

(p/m/min)

COV SE

(MEAN)
p/m/min p/m/hr p/m/min p/m/hr

Morning Data

1 10 sec 50.31 3019 150 9000 39.99 0.79 0.70
2 20 sec 50.29 3017 141 8460 37.94 0.75 0.94
3 30 sec 50.26 3016 134 8040 36.47 0.73 1.11
4 40 sec 50.24 3014 136.5 8190 34.63 0.69 1.22
5 50 sec 50.24 3014 136.8 8208 32.94 0.66 1.29
6 1 min 50.2 3012 132 7920 31.45 0.63 1.35
7 2 min 50.06 3004 125 7500 22.9 0.46 1.39
8 3 min 50.2 3012 116 6960 18.48 0.37 1.37
9 4 min 49.99 2999 110 6600 17.32 0.35 1.51

10 5 min 49.99 2999 96 5760 16.01 0.32 1.54
Evening Data

1 10 sec 49.92 2995 174 10440 42.72 0.86 0.69
2 20 sec 49.93 2996 150 9000 40.99 0.82 0.93
3 30 sec 49.93 2996 140 8400 39.56 0.79 1.1
4 40 sec 49.93 2996 133.5 8010 38.31 0.77 1.23
5 50 sec 49.96 2998 130.8 7848 37.05 0.74 1.34
6 1 min 49.93 2996 128 7680 35.62 0.71 1.41
7 2 min 49.93 2996 127.5 7650 29.77 0.6 1.66
8 3 min 49.93 2996 119.33 7160 25.22 0.51 1.72
9 4 min 50.05 3003 115 6900 24.29 0.49 1.92

10 5 min 50.05 3003 110.2 6612 22.32 0.45 1.97
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❑A cumulative frequency distribution plot is plotted for the peak flow to get 98th

percentile value. 
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❑To get extraction time interval for morning and evening data, scatter plot is developed 

by using variation in peak pedestrian flow with respect to the data extraction time 

period.

Morning Evening

Sl. No. Fitted Plot 𝐑𝟐 Value Sl. No. Fitted Plot 𝐑𝟐 Value

1 Exponential 0.9627 1 Power 0.9458

2 Polynomial 0.9545 2 Logarithmic 0.9139

3 Linear 0.9538 3 Polynomial 0.7749

4 Logarithmic 0.8872 4 Exponential 0.7212

5 Power 0.8555 5 Linear 0.6522
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❑ Internal validation is done to check the performance of the predictive model in 

terms of overestimation or underestimation. 

The relationships between peak pedestrian flow (PPF) and the time period of

data extraction (𝑡𝑑𝑒) are estimated as :

Morning Flow: ................(1)

Evening Flow: ................(2)

PPF = 145.3 𝑒−0.078𝑡𝑑𝑒 (𝑅2 = 0.9627)

PPF = 131.88𝑡𝑑𝑒
−0.12 (𝑅2 = 0.9458)
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y = 0.9537x + 5.8424
R² = 0.96
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y = 0.9083x + 12.019
R² = 0.94
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The relationships developed between actual pedestrian flow (APF) and the predicted peak

pedestrian flow (PPPF) are estimated as follows:

Morning Flow:

...................................(3)

Evening Flow:

..................................(4)

PPPF = 0.9537 (APF) + 5.8424     (𝑅2 = 0.96)

PPPF = 0.9083 (APF) + 12.019    (𝑅2 = 0.94)
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Prediction Accuracy of PPPF- Time Model 

Morning Flow Model Evening Flow Model

Actual 

pedestrian 

flow 
(ped/m/min)

Predicted 

pedestrian 

flow 
(ped/m/min)

Percentage 
variation

Actual 

pedestrian 

flow 
(ped/m/min)

Predicted 

pedestrian 

flow 
(ped/m/min)

Percentage 
variation

100 101 + 1% 100 103 + 3.0%

150 149 - 0.67% 150 148 - 1.33%

200 197 - 1.50% 200 194 - 3.00%

250 244 - 2.40% 250 239 - 4.40%

300 292 - 2.67% 300 285 - 5.00%

350 340 - 2.86% 350 330 - 5.71%

400 387 - 3.25% 400 375 - 6.25%

450 435 - 3.33% 450 421 - 4.22%

500 483 - 3.40% 500 466 - 6.80%

550 530 - 3.63% 550 512 - 6.90%

▪ The predicted values are varying within ± 7 %, which is quite low.

▪ This indicates towards good predictive power of the two models.

▪ In general, values are underestimated by the models.
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Optimal Data Extraction Period

▪ Statistical testing was done to examine the differences between peak pedestrian flows 

observed for 20s, 30s and 40s time periods used for data extraction.

Comparison 𝒁𝒐𝒃𝒔𝒆𝒓𝒗𝒆𝒅 𝒁𝒄𝒓𝒊𝒕𝒊𝒄𝒂𝒍 P – Value Risk to reject 
N.H

Decision 

20s vs. 30s

Morning -13.172 1.960 <0.0001 0.01% Rejected 

Evening -13.165 1.960 <0.0001 0.01% Rejected

20s vs. 40s

Morning -19.225 1.960 <0.0001 0.01% Rejected

Evening -18.986 1.960 <0.0001 0.01% Rejected

30s vs. 40s

Morning -8.518 1.960 <0.0001 0.01% Rejected

Evening -8.413 1.960 <0.0001 0.01% Rejected

▪ Examination of flow attributes and parameters is done across different data extraction 

time periods in a limit of 60s, which covers the limiting period of 20s and 40s. 
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➢ For the 98th percentile value of peak pedestrian flows during morning and evening

periods (i.e. 138 ped/m/min and 147 ped/m/min respectively), the data extraction time

period comes out to be 24s in both the time periods.

➢ For the ease of data extraction and the time interval conducive to the hourly system of

data recording the time period of data extraction can be kept as 20s which is nearer to

24s.

▪ The instantaneous peak pedestrian flow is estimated by using Peak pedestrian flow for 20s

data extraction time period.

▪ The instantaneous peak pedestrian flow can be estimated as:

..................................................................(5)        

Where,

𝑷𝑭𝟐𝟎𝒔 = Peak pedestrian flow for 30s data extraction time period, ped/m/min

..................................................................(6)

IPPF = A * 𝑷𝑭𝟐𝟎𝒔

A    = 1.034 for morning peak

= 1.16 for evening peak



Capacity Analysis
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The theoretical capacity of an escalator (ped/m/min) can be calculated as:

Where, 

➢ CTh = Theoretical capacity, ped/m

➢ s = speed of escalator, m/min

➢ n = number of steps in unit length, say meter

➢ P = Pedestrian occupancy of a step of an escalator

Speed of the escalator i.e. ‘s’ = 0.65 m/s = 39 m/min

Depth of the stair = 400 mm = 0.40 𝑚2

Number of steps in unit length say 1 meter = 1000 / 400 = 2.5

Theoretical Capacity = 0.65 m/s * 2.5 stairs/m * 2 pedestrians/ stairs*60 m/s

= 195 pedestrians/m

CTh = s * n * P 



CAPACITY ANALYSIS

▪ Capacity is divided in three categories namely Theoretical capacity,

Operational Capacity and Actual Capacity.

is calculated by using the size of the body envelope given 
in different standards.

is calculated by using percentage of theoretical 
capacity. 

is calculated for all the escalators based on the 
average 10s, 30s and 1 min flows.

Theoretical 

capacity

Operational 

capacity

Actual 

capacity
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CONCLUSION

❑Based on the analysis it has been observed that 23s may be the most

optimal time interval for data extraction.

❑But for the ease of operation it is suggested to use either 20s or 30s for data

extraction as it allows integer division of recorded data which is usually 1 hr.

❑A relationship is found with respect to 30s peak flow to arrive at

instantaneous peak that may occur if lower data extraction time interval is

used.

❑The design flow value for the provision of a facility is suggested as 138 – 147

ped/m/min.

❑This paper may be helpful to the researchers who studied estimation of the

capacity of escalators and in the field of pedestrian simulation or studies

regarding pedestrian’s trajectories through station facilities.
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