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Introduction and motivation

• Dwell time - interval between the opening and closing of bus doors to serve passengers at the bus 
stop. 

• Reducing dwell time is an important factor in :

• Improving travel time between terminals

• Reliability of the service

• Reducing idle emissions. 

• Idle fuel consumption per for transit bus (Diesel) is about 0.9 gal/hr. Which can go up to 1.85 
gal/hr. 

• 10 minutes of dwelling is equivalent to 5miles of driving 



• In order to reduce dwell time, we first need to model it.

• No studies have been done in the state of Connecticut to model dwell time using automated 
data. 

• The aim of this project - model dwell time of CTtransit buses in Hartford and examine off-
board fare collection as a potential candidate for dwell time reduction. 

• Expectation - a significant reduction in dwell time due to off-board fare collection (significant 
energy savings)

Introduction and motivation



Literature Review:
Author Method of Data 

collection

Model Specification/ Variables considered R2

Guenthner and Sinha (1983) Manual T = 5.0 - 1.2[ln (N)] 0.36

Guenthner and Hamat (1988)** Manual T=2.25 + 1.81A 0.667

T= -0.27 + 5.665B 0.906

Arhin, Noel, Anderson, Williams, 

Ribbiso and Stinson (2015)

Manual Boarding                           Alight

Parking Bus bay length

No of lanes 

0.72-0.92

Dueker, Kimpel, and Strathman

(2004)

Automated Boarding, Board2 Alight, Alight2

Type of route Time of day

Lift operation

0.348

Rajbhandari, Chien, and Daniel 

(2004)

Automated DT = a + b (Total) 0.642

DT = a + b (Ons) + c (Offs) 0.718

DT = a + b (Total) + c (Total)(S) 0.643

DT = a (Total)b 0.753

Shockley, Salinas, and Taylor 

(2015)**

Automated Board Alight 

Type of fare Time of day

Bus specifications Irregular Activity

0.45 

0.49

(congested)

** Complex Fare Structure



Data

• APC data from CTtransit

• Duration – October 1, 2016 to November 30, 2016 

• Total number of stops in the dataset is = 2273049

• Total Number of routes in the dataset– 67

Dwell time is a continuous variable – Linear Regression was chosen as appropriate 
modeling method 



Data preparation

• Filtration:

• Number of stops where bus door was opened = 1601987

• Number of stops with dwell time between zero and 180 
seconds (Duker Paper) is = 1516956

• Number of stops with only local bus = 1469757

A sample of 5% of the filtered data was used for the final analysis

• Total number of stops included in analysis is = 73488

• Total Number of routes included in analysis is = 45



Variables:

• Dependent variable:

• Dwell time – time interval (in seconds) between the opening of first door and closing of last 
door

• Independent Variables:

• Board – number of people boarding the bus

• Alight– number of people alighting the bus

• Board2 – square of number of people boarding the bus

• Alight2 – square of number of people alighting the bus



• Independent Variables: (dummy)

• on_time –  
1, 𝐵𝑢𝑠 𝑎𝑟𝑟𝑖𝑣𝑒𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 0 𝑡𝑜 300 𝑠𝑒𝑐 5 𝑚𝑖𝑛𝑠 𝑜𝑓 𝑠𝑐ℎ𝑒𝑑𝑢𝑙𝑒𝑑 𝑡𝑖𝑚𝑒
0, 𝑎𝑛𝑦 𝑜𝑡ℎ𝑒𝑟

• early–  
1, 𝐵𝑢𝑠 𝑎𝑟𝑟𝑖𝑣𝑒𝑠 𝑏𝑒𝑓𝑜𝑟𝑒 𝑠𝑐ℎ𝑒𝑑𝑢𝑙𝑒𝑑 𝑡𝑖𝑚𝑒
0, 𝑎𝑛𝑦 𝑜𝑡ℎ𝑒𝑟

• off_board_fare_col– 
1, 𝑖𝑠 𝐶𝑇𝐹𝑎𝑠𝑡𝑟𝑎𝑐𝑘
0, 𝑖𝑠 𝑛𝑜𝑡 𝐶𝑇𝐹𝑎𝑠𝑡𝑟𝑎𝑐𝑘

• weekday − 
1, 𝑖𝑠 𝑎 𝑤𝑒𝑒𝑘𝑑𝑎𝑦
0, 𝑖𝑠 𝑛𝑜𝑡 𝑎 𝑤𝑒𝑒𝑘𝑑𝑎𝑦

• am_peak– 
1, 𝑏𝑢𝑠 𝑟𝑢𝑛𝑠 𝑑𝑢𝑟𝑖𝑛𝑔 𝑎𝑚_𝑝𝑒𝑎𝑘(6: 30 − 9: 30𝑎𝑚)
0, 𝑏𝑢𝑠 𝑟𝑢𝑛𝑠 𝑑𝑢𝑟𝑖𝑛𝑔 𝑎𝑛𝑦 𝑜𝑡ℎ𝑒𝑟 𝑡𝑖𝑚𝑒

• pm_peak– 
1, 𝑏𝑢𝑠 𝑟𝑢𝑛𝑠 𝑑𝑢𝑟𝑖𝑛𝑔 𝑝𝑚_𝑝𝑒𝑎𝑘(3: 30 − 7: 30𝑝𝑚)
0, 𝑏𝑢𝑠 𝑟𝑢𝑛𝑠 𝑑𝑢𝑟𝑖𝑛𝑔 𝑎𝑛𝑦 𝑜𝑡ℎ𝑒𝑟 𝑡𝑖𝑚𝑒

• Irregular_activity– 
1, 𝑖𝑓 𝑑𝑤𝑒𝑙𝑙 𝑡𝑖𝑚𝑒 𝑖𝑠 𝑢𝑛𝑢𝑠𝑢𝑎𝑙𝑙𝑦 𝑙𝑎𝑟𝑔𝑒(> 60𝑠𝑒𝑐)
0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

Variables:



Descriptive analysis



Correlation between variables



𝑑𝑤𝑒𝑙𝑙 𝑡𝑖𝑚𝑒 = 𝛽0 + 𝛽1 ∗ board + 𝛽2 ∗ alight + 𝛽3 ∗ board
2 + 𝛽4 ∗ alight

2 + 𝛽5 ∗ ontime + 𝛽6 ∗ early
+ 𝛽7 ∗ off_board_fare_col + 𝛽8 ∗ weekday + 𝛽9 ∗ am_peak + 𝛽10 ∗ pm_peak + 𝛽11 ∗ irregular_activity +𝜀

Linear Model Formulation



𝑑𝑤𝑒𝑙𝑙 𝑡𝑖𝑚𝑒𝑐𝑜𝑛𝑠𝑡𝑟𝑎𝑖𝑛𝑒𝑑 = 𝛽′0

Comparison with constrained model

F-statistic = 3402.4124777047923

P_value = 1.1102230246251565*10-16



Model Diagnostic- Correct Specification 



Model Diagnostic- Correct Specification 



Model Diagnostic- Exoginity



Model Diagnostic- Exoginity



Homoscedasticity of 
disturbances

No Autocorrelation of 

disturbances

Model Diagnostic



Normality of disturbances

Model Diagnostic



Logarithmic transformation of data

Cox-Box Transformation (δ = 0.001)

• Dependent variable:

• dwell_time – is transformed to log_dwell_time

• Independent Variables:

• board – is transformed to log_board

• alight– is transformed to log_alight

• board2 – is transformed to log_board2

• alight2 – is transformed to log_alight2

• All dummy variables are kept untransformed 



Dwell time 

Linear Regression Log-transformed Linear Regression



Descriptive analysis – Logarithmic Model



Logarithmic Model Formulation 

log _𝑑𝑤𝑒𝑙𝑙_𝑡𝑖𝑚𝑒 = 𝛽0 + 𝛽1 ∗ log _𝑏𝑜𝑎𝑟𝑑 + 𝛽2 ∗ log _𝑎𝑙𝑖𝑔ℎ𝑡 + 𝛽4 ∗ log _𝑏𝑜𝑎𝑟𝑑
2 + 𝛽5 ∗ log _𝑎𝑙𝑖𝑔ℎ𝑡

2

+ 𝛽7 ∗ 𝑜𝑛𝑡𝑖𝑚𝑒 + 𝛽8 ∗ 𝑒𝑎𝑟𝑙𝑦 + 𝛽9 ∗ 𝑜𝑓𝑓_𝑏𝑜𝑎𝑟𝑑_𝑓𝑎𝑟𝑒_𝑐𝑜𝑙 + 𝛽10 ∗ 𝑤𝑒𝑒𝑘𝑑𝑎𝑦

+ 𝛽11 ∗ 𝑎𝑚_𝑝𝑒𝑎𝑘 + 𝛽12 ∗ 𝑝𝑚_𝑝𝑒𝑎𝑘 +𝛽13 ∗ 𝑖𝑟𝑟𝑒𝑔𝑢𝑙𝑎𝑟_𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 +𝜀



Homoscedasticity of disturbances
No Autocorrelation of 

disturbances

Model Diagnostic



Normality of disturbances

Model Diagnostic



Constrained Model Linear Model Logarithmic Linear Model

R2 0.000 0.761 0.584

Adjusted R2 0.000 0.761 0.584

Model Comparisons



Reducing dwell time and emission by introducing 
off-board fare collection

• Total dwell time in the month October and November of 2016 is = 67976537 seconds

• Average daily dwell time is = 1114369 seconds or 309.54 hours

• Dwell time saved is = -1.3795

• Total idling saved in a year = 3673 hours

• Total fuel saved in a year = 6740.116 gallons

• Total equivalent VMT in a year = 101101.745 miles

• Total Green House Gas saved in a year = 223.856 Metric Tons of CO2 equivalent 



Conclusion and Discussion

• The linear model performs better than logarithmic model 

• A small amount of dwell time can be saved by using off-board fare collection in Hartford 
Buses

• If all buses in Hartford had off-board fare collection system – a total of 223.856 Metric tons 
of CO2 equivalent of Green House emission can be reduced

• Further study:

• Modelling CTFastrak separately 

• Using fare collection method information

• Exclude zero passenger activity data

• Use different threshold for irregular activity 
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Thank you!



Questions?



Interpretation:

If independent variable (X) is not transformed:

1 unit change in X1 is equal to (𝑒𝑥𝑝𝛽1−1) ∗ 100 percent change in Y

If independent variable (X) is not transformed:

1 % change in X2 is equal to 100 ∗ (1 − 1.01𝛽2) percent change in Y


