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Abstract: This study focuses on evaluating schedule reliability of a bus route in Indore city, 

India in terms of on-time performance (OTP). This work initially focuses on evaluating OTP 

based on existing schedules for various thresholds of travel time windows. The paper then 

discusses an idea to select suitable travel time window based on the prevailing condition. A 

threshold of 5-minute travel time window was observed to be appropriate enough and was 

further considered for assessing the OTP. Further, an attempt was made for incorporating the 

selected travel time variability measures for improving OTP. Measures such as 95
th

 

percentile travel time and average travel time are considered for the design of bus schedules, 

by fixing bus departure from the first bus stop. Redesigned schedules using the average 

travel time exhibited higher OTP. A significant increase of about 20 to 50% in OTP is 

observed with respect to base conditions.  

 

Keywords: Schedule reliability, on-time performance (OTP), Bus, 95
th

 percentile travel time, 

average travel time.  

 

 

1. BACKGROUND 

 

Performance evaluation of transit systems is extremely important to understand their 

effectiveness for present condition. For assessing the performance of transit systems, there 

are well established performance measures which consider different dimensions of transit 

system’s design and operations. Service reliability in terms of schedule adherence is one 

such important measure for assessing transit performance. Most of the urban transit systems 

like metro rail, monorail, tube rail etc. have automated infrastructure in terms of system’s 

operation and control, and schedule adherence may not be much critical. However, in case of 

bus transit systems, schedule reliability becomes critical since it involves manual operations 

and control. Especially in case of bus transit systems in the absence of dedicated bus lanes 

and transit signal priority, schedule adherence becomes complex as it involves multiple 

factors that may affect operations. Earlier research studies carried out in developed countries 

based on schedule reliability considered headway irregularity or on-time performance (OTP) 

as a major factor for evaluating bus service reliability. 
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Most of the bus operations in India are based on random schedules designed based on 

the experience or simple weighted average of the historical data. Planned headways are not 

comprehensively considered as part of bus transit planning in most of the instances. 

Schedules are generally reported in terms of bus departures from bus stops across the period 

of operations in a day. These bus departures are generally fixed and do not necessarily 

consider varying passenger demands over different hours of the day and days of the week. 

Schedule reliability affects the amount of time passengers must wait at a transit stop for a 

transit vehicle to arrive as well as the consistency of a passenger’s arrival time at a 

destination from day to day.  Schedule reliability also affects a passenger’s total trip time. If 

people believe that a transit vehicle may depart early, they may arrive earlier than they would 

or otherwise ensure that they do not miss the bus or train. Similarly, if passengers are not 

confident of arriving at their destination on time, they may choose an earlier departure than 

they would otherwise, to ensure that they arrive on time, even if it means often arriving much 

earlier than desired. 

Schedule reliability encompasses, both, OTP and the regularity of headways between 

successive transit vehicles. Uneven headways result in uneven passenger loadings, with a 

late transit vehicle picking up not only its regular passengers but those passengers that have 

arrived early for the following vehicle, with the result that the vehicle falls farther and farther 

behind schedule and more passengers must wait longer. In contrast, the vehicles following 

will have lighter-than-normal passenger loads and will tend to run ahead of schedule. With 

buses, this “bunching” phenomenon is irritating both to passengers of the bunched buses and 

to passengers waiting for other buses who see several buses for another route pass by while 

they wait for their own bus. 

OTP should be measured at locations of interest to passengers. For example, measuring 

OTP at the next-to-last time point may be of more interest than measuring it at the route 

terminal, if most passengers disembark prior to the end of the route. On the other hand, if the 

route terminal is a timed-transfer center, OTP arriving at that location would be of great 

interest to passengers. Some agencies measure OTP at several time points along a route. 

Transit Capacity and Quality Of Service Manual (TCQSM (Kittelson & Associates (2003)) 

defines “on-time” as being 0 to 5 minutes late. Whether arrivals or departures should be 

measured will depend on the situation; departures tend to be more important where 

passengers are mostly boarding, and arrivals where passengers are mostly disembarking. 

Early departures should not be considered on-time at locations where passengers are 

boarding, but early arrivals may be considered on-time at the end of a route or at other 

locations where passengers are only disembarking. OTP measurement can be applied to any 

transit service operating with a published timetable, but is particularly applicable to services 

operating with headways longer than 10 minutes. At shorter headways, the evenness of 

headways between vehicles becomes more important to measure, as bus bunching leads to a 

variety of operating and quality of service problems. The main objective of this research is to 

analyse the schedule reliability of the existing bus timings and to redesign the bus schedules 

using reliability indicators. 

Huo et al. (2014) analysed the service reliability of Changzhou BRT by considering 

different factors, such as mean headway, headway irregularity, mean waiting time, Potential 

Waiting Time (PWT), Reliability Buffer Time (RBT), and Equivalent Waiting Time (EWT). 

The results obtained indicate that passengers need to budget an additional buffer time of 3 to 



 

 

 

5 minutes for the selected origin-destination pairs to ensure on time arrival for 95% of the 

trips. 

Savsar et al. (2012) presented a model and related analysis for scheduling and routing 

of public buses in Kuwait. The authors developed a linear programming model to determine 

the optimal number of seats required for the selected routes at a given time slot. The results 

obtained indicate an improved utilization by 10% with balanced bus utilization along the 

routes as well as reducing working hours by 20%, which eventually will result in saving 

costs of salaries by 15%, fuel by 18%, replaced parts by 19%, and deprecation of buses by 

19%. Diab et al. (2016) investigated the impacts of bus route overlapping on service 

headway delay and probability of bunching at the stop-level of analysis. A linear headway 

delay model was developed considering different factors such as passenger load, distance, 

friction at bus stops, headway delay at the start, actual stops made, signalized intersection, 

reserved lanes in operation etc. The results obtained indicate that headway delay is a function 

of scheduled headway between trips. Thus, scheduling more time between trips decreases the 

service delay, with a minimum of delay occurring at 20 minutes. 

Lee et al. (2012) analysed the service reliability by considering the headway 

distribution and average velocity from the fare card data of a bus route in Singapore. 

Optimization tools and simulation scenarios were formulated for analysing the effectiveness 

of the proposed strategies or improvements or reorganization of routes and bus stops. 

Yan et al. (2009) proposed a new reliable bus schedule design problem by taking into 

consideration the bus travel time ambiguity and the bus driver’s schedule recovery efforts. It 

was found that the optimal scheduled travel time or slack time depends on the bus driver’s 

schedule recovery behavior and on the philosophies of the decision makers’ scheduling. 

Headway regularity is defined in terms of the fraction of observed headways that are 

within some absolute or relative deviation from the scheduled headway (Cramer at al. 

(2008)). Furth et al. (2006) considered coefficient of variation of headway, which is the 

standard deviation of headway divided by the mean. Hammerle et al. (2005) discovered that 

bus bunching is mainly related to uneven departure headways at the terminals using archived 

operational data. Berhan et al. (2014) developed the optimum bus assignment method using 

Linear Programming (LP) by considering the historical data of 93 routes in Anbessa city. 

None of the research studies focused on schedule based reliability or OTP assessment 

in the case of Indian bus routes, which ply along with the mixed traffic stream. The effect of 

different factors affecting travel time variations, such as segment’s characteristics and 

temporal and spatial variations, were not studied in detail. Also, none of the past studies have 

attempted to use travel time variability measures along with average travel time for 

designing bus schedules at segment/bus stop level. Also, earlier studies could not discuss 

identifying optimum travel time window for estimating OTP under prevailing conditions.  

 

 

2. STUDY AREA & DATA COLLECTION 

 

Indore is the commercial centre of the state of Madhya Pradesh, located 190 km west of state 

capital Bhopal. It is a premier centre for education, medical institutes, and is a major 

industrial hub of Central India. The city has the highest per capita income in the state of 

Madhya Pradesh. As a historical as well as a modern City, it is attracting number of 

industries and is undergoing an economic surge. It is also an important tourist destination 



 

 

 

with tourist attractions in and around Indore within 100 km radius. The rapid industrial and 

commercial development coupled with the rise in population in the recent past has 

contributed to a large-scale increase in traffic in the city. This increasing intensity of traffic 

has resulted in the manifestation of a number of problems which pose a potential threat to the 

economic vitality and productive efficiency of the city. The travel time data obtained from 

global positioning systems (GPS) source is used for the analysis of schedule reliability and 

further performance improvement techniques for Route-4 in Indore city. The selected Route-

4 in Indore city connects Panchavati bus stop to Vaishali Nagar bus stop. The total distance 

covered in this route is 26 km with 31 stops (Figure 1). Selected bus route represents a 

typical Indian urban roadway with heterogeneous conditions. The route includes several 

segments or links of urban roads with varying volume, geometric conditions, and land use 

characteristics. Travel time data of about 1,500 trips for the months of October to December, 

2017 were considered for assessing schedule reliability. Also, fixed schedules designed by 

the operator in terms of scheduled arrivals at each bus stop across the day over this route 

were collected for assessing the schedule adherence.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Indore Route-4 map. 

 

 

3. ON-TIME PERFORMANCE (OTP) FOR EXISTING CONDITIONS 

 

Based on the available fixed bus departures of route-4 in Indore city, OTP is evaluated based 

on the bus stop level time stamp data. For this purpose, planned arrival schedules (i.e., 

current bus schedule) at all the bus stops are compared to the actual departures at bus stops 

of all bus trips. Deviation from the planned departures (fixed schedules collected from the 

operator) based on actual departures at each bus stops (from GPS data) for a given hour of 

the day for Route-4 in Indore city are analysed and shown in Figure 2. Each line in the figure 

represents each selected bus trip on this route. 

Data pertaining to weekday was only considered for the analysis, assuming all 

weekdays are expected to exhibit similar characteristics, for a given hour of the day. From 



 

 

 

Figure 2, the schedule deviations can be either positive or negative. Positive deviation 

implies late arrivals at bus stops, while negative deviation implies early arrivals at bus stops 

with respect to planned or scheduled arrivals. Schedule deviations are lower at the first and 

last bus stops for most of the bus trips, but deviations are significantly high for the 

intermediate bus stops. It means that most of the buses from the origin bus stop are departing 

more or less punctually, but they are arriving late at the intermediate bus stops during the 

course of the trip. This clearly highlights the inefficiencies in scheduled departures at 

intermediate bus stops, which may be because of inaccurate travel time prediction between 

these bus stop segments. Service frequency is about 4 to 5 buses per hour across the day and 

does not vary significantly across the day. Therefore, schedule deviations as high as 20 

minutes cannot be acceptable, which otherwise would be a serious concern in terms of OTP 

evaluation. It can be comprehended that some of the bus departures at the starting bus stops 

are exhibiting early arrivals. This can be attributed to either early arrival of actual bus 

departure or late arrival of the previous schedule bus departure. This can be better 

understood with the help of the analysis for the previous hour of 8 to 9 AM, which is 7 to 8 

AM. Similar graphs representing the schedule deviations are also plotted for each hour of the 

day. 

 

Figure 2. Punctuality deviation for Indore Route-4 UP during 8AM-9AM. 

 

3.1 Analysing OTP for Different Travel Time Windows 

 

The OTP of the buses varied significantly throughout the day. Therefore, a logical 

rescheduling of the bus timings is necessary. The existing OTP for each time window was 

calculated and plotted for each hour of the day and for all the bus stops of Route-4. The 

difference between the scheduled arrival time and actual arrival time was found out using 

MATLAB coding. The obtained difference in schedules was classified hour-wise, for 

different deviation thresholds such as +- 2, +- 3, +- 4, +-5, +-6, +-7, +-8, +- 9 and +-10. 

Figures 3, 4 and 5 show the existing OTP of the buses for time deviation thresholds of 2, 5 



 

 

 

and 10 minutes respectively. These thresholds were preferred as significant variation could 

be observed between them.  

 

 
Figure 3. On-time performance for time threshold of +- 2 minutes. 

 

 

Figure 4. On-time performance for time threshold of +- 5 minutes. 

Out of all total trips considered, trips which have reported actual departures within the 

threshold deviation of travel time from actual departure were considered as on-time trips. 

The percentage of such trips from total trips is represented as percentage OTP. From Figures 

3, 4 and 5, it is very much clear that the OTP for each threshold of time is deteriorating very 

sharply after the first few bus stops of the route. The OTP in the initial bus stops is much 

higher when compared to the intermediate and end bus stops. The sudden drop in OTP at the 

intermediate bus stops can be attributed to many factors such as reductions in lane capacity, 

changing land use pattern, increase in intersection density, etc. However, faulty prediction of 
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travel times in these intermediate segments and hence, inaccurate design of schedules may be 

the major factor affecting OTP.  

 

 

Figure 5. On-time performance for time threshold of +- 10 minutes. 

 

 

4. PERFORMANCE IMPROVEMENT MEASURES 

 

From figures 4 and 5, OTP is significantly less for the overall route. Except for initial bus 

stops, OTP is below 40% for most of the bus trips across the day. For improving OTP, bus 

schedules are redesigned based on historical travel time data considering passenger demand 

as well as traffic demand. Considering actual travel time data of certain duration from GPS 

database would be appropriate enough since it considers indirect effects of variations in 

dwell times and traffic volumes for different periods of the day. For averaging the effect of 

different samples of travel time for a given hour of the day, travel time variability measures 

would be appropriate enough to be considered. For a given hour of the day considering all 

weekdays, the 95
th

 percentile travel time and average travel time (ATT) were calculated for 

the given segment. Only departure times are considered at all bus stops and hence, dwell 

times are indirectly accounted in travel time prediction. Since departure time is considered at 

origin bus stop, it would be appropriate to consider departure times at all bus stops over the 

selected route. By freezing the departure time at the origin bus stop, cumulative departures at 

each bus stop were calculated based on these two measures. For these two cases, OTP is 

calculated further to assess the potential of redesigned bus schedules. However, optimum 

threshold of travel time window has to be fixed for effective comparison of OTP of 

redesigned schedules using 95
th

 percentile travel time and ATT with OTP of base case 

(existing conditions). 

 

4.1 Optimum Threshold Estimation 

 

It is quite obvious that wider range of thresholds tend to exhibit higher OTPs under given 

circumstances. But design headways or frequency of buses along a particular route plays a 
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key role in deciding the travel time window or threshold. Higher thresholds may result in 

higher OTP but cannot be acceptable for lower headways or higher frequencies. Thus, a 

transit system with lesser headways or higher frequencies require precise and accurate 

departure and arrivals i.e., higher OTPs. In this case, thresholds of acceptability should be as 

low as possible as small variations in departure or arrivals may affect the overall punctuality 

or reliability of the system and makes system unreliable. However, in case of transit systems 

with medium or higher headways or lesser frequencies, high precision in departure and 

arrivals may not be much important and hence, tolerance for certain thresholds can be 

acceptable. 

It is very important to choose upon the appropriate thresholds of travel time window 

for which OTP has to be evaluated based on the operating characteristics of each route in bus 

transit network. For this purpose, OTP of different segments for different thresholds of travel 

time window are plotted. As there is significant difference in OTP of initial, intermediate and 

last bus stops, as observed in figures 3, 4 and 5, representative segments from each of these 

cases were selected for further evaluation. Segment-3 is considered as initial bus stop 

segment; segment-6 and segment-12 are considered as intermediate bus stop segments, while 

segment-20 is considered as last bus stop segment. 

Figure 6 represents the variation of OTP with respect to different hours of the day of 

segment-3, which is the initial bus stop. For a given hour of the day, OTP (on vertical axes) 

with respect to 95th percentile travel time and ATT for different thresholds of travel time 

windows (on horizontal axes) are considered for plotting. Figures 7 and 8 represent the 

variation of OTP with respect to different hours of the day of segment-6 and segment-12, 

which are intermediate segments. 

 

 

Figure 6. OTP of segment-3 for different thresholds. 
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Some representative hours of the day considering morning peak, off-peak and evening 

peak are selected based on the magnitude of travel time variations in a given segment. From 

Figure 6, it can be noted that OTP, after incorporating 95th percentile travel time is lesser 

when compared to that of ATT in most of the cases.  OTP is also sharply increasing with an 

increase in travel time window thresholds, for both cases of 95th percentile travel time and 

ATT. OTP is observed to be varying depending on the actual travel time variations across 

different hours of the day. For evening hour of 6 to 7 PM, OTP for both cases does not have 

significant difference as travel time variations are lesser. Because for this peak hour of the 

evening, very less difference in ATT and 95th percentile travel time may exist. At 10 

minutes threshold, maximum OPT of about 90% is observed for the morning hour of 10 to 

11 AM. Minimum OTP of about 35% is observed for the evening hour of 6 to 7 PM.  

 

 

 

Figure 7. OTP of segment-6 for different thresholds. 

Figure 7 represents the variation of OTP for different hours of the day of segment-6, 

which is an intermediate bus stop segment. For evening hour of 6 to 7 PM, OTP for both 

cases is not significantly different because of lesser travel time variations. At 10 minutes 

threshold, maximum OPT of about 80% is observed for the afternoon hour of 1 to 2 PM. 

Minimum OTP of about 40% is observed for the evening hour of 6 to 7 PM. Figure 8 

represents the variation of OTP for different hours of the day of segment-12, which is an 

intermediate bus stop segment. Figure 9 represents the variation of OTP for different hours 

of the day for segment-20, which is last segment. 
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Figure 8. OTP of segment-12 for different thresholds. 

 

 
Figure 9. OTP of segment-20 for different thresholds. 
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From all the figures, it can be noted that at 5-minute threshold, OTP curves suddenly 

change their orientation. The slope increases gradually. Also, OTP with respect to 95th 

percentile travel time and ATT are observed to be coinciding for some of the cases at this 

threshold. It implies that at this point of threshold, abrupt changes in OTP happens as it tends 

to suddenly increase after this point. It can be logically possible since for bus transit system 

with an average headway of 12 to 15 minutes, 5-minute threshold may be appropriate. 

Threshold above 5 minutes seem to have a significant effect on wait times and may result in 

bus bunching despite having higher OTP. Thresholds lesser than 5 minutes are too high to be 

considered as travel time window for assessing OTP since variation of 2 or 3 minutes is 

generally acceptable for design headways of about 15 minutes. Hence, threshold of 5 

minutes travel time window is considered for further assessment of the efficiency of 

incorporating 95th percentile travel time and ATT in redesign of bus schedules in terms of 

OTP. 

 

4.2 Rescheduling of Bus Timings based on the 95
th

 Percentile Travel Time 

 

For all bus trips, 95
th

 percentile travel time is calculated from the dataset spanning over three 

months. It is a performance indicator for travel time reliability and it is calculated for each 

hour of the day as there is vast travel time variability throughout the hours of the day. The 

95
th

 percentile travel time also varies segment-wise and all this distinctiveness are captured. 

To improve the OTP, the original bus schedule timings are being replaced by the 95
th

 

percentile travel time for each hour and each segment. Subsequently, the OTP is calculated 

by comparing the rescheduled bus timings and actual bus timings. The results are plotted for 

the selected bus trips. All the calculations are being coded and run in MATLAB software and 

the outputs are considered for further assessment.  

 

 

Figure 10. OTP after incorporating 95
th

 percentile travel time 

 

From the Figure 10, a general observation that can be made that OTP in the final bus 

stops has improved considerably better than that of the initial and intermediate bus stops. 

While the initial bus stops’ OTP did not increase much as they were more or less exhibiting 

the 95th percentile travel times in the original bus schedule itself. From the GPS data 
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obtained, it is observed that the actual journey start time of the buses differed considerably 

from the scheduled journey start time. This difference in the journey start time has also 

played an important role in reducing the OTP of the buses. Also, undue delay is observed at 

certain hours of the day and very often too. By rescheduling the bus timings with the 95th 

percentile travel time, it has overestimated the actual travel time between bus stops and 

therefore, the improvement in the OTP of the buses is hampered. 

 

 
Figure 11. Schedule deviations after incorporating 95

th
% travel time. 

 

The schedule deviations for different segments are also plotted after incorporating 95th 

percentile travel time in schedule redesign (Figure 11). The schedule deviations are least for 

starting segments, followed by intermediate and last segments. The schedule deviations for 

the initial and intermediate segments are in the range of 0 to 20 minutes. Also, the schedule 

deviations are positive (above horizontal axis) most of the times indicating late arrivals. 

Especially for intermediate segments, most of the trips resulted in late arrivals after schedule 

redesign. It clearly signifies the overestimation of 95th percentile travel time and hence, 

result in late arrivals by about 20 minutes. 

 

4.3 Rescheduling of Bus Timings based on ATT 

 

The procedure for rescheduling of bus timings is the same as explained in the previous 

section. Here, instead of using 95
th

 percentile travel time, ATT is used to improve the OTP. 

The original bus schedule timings are being replaced by the ATT for each hour and each 

segment. Subsequently, the OTP is calculated by comparing the rescheduled bus timings and 

actual bus timings and the results are plotted. 

From Figure 12, it can be seen that the OTP of the intermediate bus stops have 

increased considerably if a comparison is made with the existing bus schedule and also with 

the rescheduled timings using 95th percentile travel time. Also, there is slight increase in 

OTP for initial and last segments with respect to the base condition and 95th percentile travel 

time. 
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Figure 12. OTP after Incorporating ATT. 

 

The schedule deviations for different segments are also plotted after incorporating ATT 

in schedule redesign as shown in Figure 13. The schedule deviations are least for starting 

segments, followed by intermediate and last segments. The schedule deviations for the initial 

and intermediate segments are mostly in the range of 0 to 10 minutes. The schedule 

deviations for the last few segments are mostly in the range of 0 to 30 minutes resulting in 

very late arrivals. It clearly signifies that ATT does not effectively capture travel time 

variations in last segments and hence, result in late arrivals by more than 20 minutes.  

 

 
Figure 13. Schedule deviations after incorporating 95

th
 percentile travel time. 

 

For comparing the efficiencies of these two measures adopted for schedule redesign, 

comparison with respect to base conditions or existing schedules in terms of OTP is made. 

Table 1 shows hour-wise percentage increase in OTP after rescheduling with ATT. In case of 

ATT, it can be seen that there is about 20 to 50% increase for 5 minutes threshold in terms of 

OTP. In case of the 95th percentile travel time, maximum increase in OTP is about 20 to 

25%. Thus, OTP values for the case of redesign of bus schedules using ATT are 

considerably higher than that of the 95th percentile travel time. It can be inferred that the 
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95th percentile travel time is over-estimating the actual travel times because of which 

deviations are higher for each of the thresholds and segments. Whereas, ATT is normalizing 

the effect of maximum values and also minimum values and seems to exhibit better 

performance in terms of OTP. 

 

Table 1. Hour-wise Percentage Increase in the On-time Performance after Rescheduling 

HO

D 

OTP (Base) Rescheduled 

(95
th

% travel 

time) 

%   

increase  

(base v/s 

95
th

% 

travel 

time) 

Rescheduled 

(ATT) 

% 

incre

ase 

(base 

v/s 

ATT) 

8-9 AM 9.01 21.74 12.73 54.28 45.27 

9-10AM 4.58 14.86 10.28 34.22 29.64 

10-11 AM 13.82 36.34 22.52 63.34 49.52 

11-12 AM 6.9 21.42 14.52 48.78 41.88 

12-1 PM 12.06 25.76 13.69 32.97 20.90 

1-2 PM 13.47 33.5 20.03 54.97 41.5 

2-3 PM 3.7 16.75 13.05 27.23 23.53 

3-4 PM 24.43 38.39 13.96 45.91 21.48 

4-5 PM 16.3 27.65 11.35 46.45 30.15 

5-6 PM 4.76 17.9 13.14 48.57 43.81 

6-7 PM 13.73 24.28 10.55 31.61 17.88 

 

 

5.   CONCLUSIONS 

 

OTP is assessed considering different travel time window thresholds through the use of 

segment level data. It is observed that OTP for the existing conditions is significantly low for 

the intermediate segments and needs to be addressed. Based on the field data, 5-minute travel 

time window was observed as suitable threshold for evaluating OTP based on the service 

frequency of the selected bus route. OTP has improved significantly after the redesign of bus 

schedules based on 95
th

 percentile travel time. However, the improvement is not on a scale 

which is expected when rescheduled with the 95
th

 percentile travel time. After redesigning 

with ATT, OTP of the intermediate bus stops have increased considerably if a comparison is 

made with the existing bus schedule. Also, the increase in OTP is higher when compared to 

the rescheduled timings using 95
th

 percentile travel time. It can be seen that there is about 20 

to 50% increase for 5 minutes’ threshold in case of redesigned schedules with ATT. Whereas, 

there is about 10 to 25% increase in OTP in case of redesigned bus schedules using 95
th

 

percentile travel time. It can be inferred that 95
th

 percentile travel time is over-estimating the 

actual travel times because of which deviations are more for each of the thresholds and 

segments. Whereas, ATT is normalizing the effect of maximum values and minimum values, 

thus exhibiting better performance in terms of OTP. Also, a few higher values of travel time 

samples may unnecessarily result in higher 95
th 

percentile travel times and hence lesser OTPs.  

The present study considered all trips irrespective of their deviations at first bus stop. 

However, considering those trips for which schedule deviation is minimum at the first bus 

stops may be appropriate enough to understand the actual variations on different segments 



 

 

 

corresponding to that time period of bus departure. The schedule deviations for intermediate 

segments under the existing condition are in the order of 0 to 30 minutes. These deviations 

are reduced to about -10 to 20 minutes after redesigning of schedules using 95th percentile 

travel time and ATT. In this paper, the schedule deviations of about plus or minus 10 

minutes were observed for starting bus stops and hence, all bus trips are collectively 

considered. For some bus trips, early or on-time departures at initial bus stops have resulted 

in late arrivals at last bus stops. For some other trips, early or on-time departures at initial 

bus stops resulted in on-time trips. The possible reason for these two phenomenon is time of 

the day, which is the critical factor causing different characteristics in travel time variability 

of the segments. 

The present study assesses the performance of selected bus route under mixed traffic 

conditions in terms of schedule adherence. This paper also highlights the importance of 

considering temporal and spatial variations while assessing OTP of any bus route. It 

highlights the methodological approach for identifying the optimum threshold of travel time 

window to be considered for evaluating OTP. However, the study methodology and results 

can be further validated by considering data from few other routes under similar operating 

conditions but with different service frequencies. 

This study unfolds the fact that measures such as 75th percentile travel time or any 

such can be preliminarily used for the design of bus schedules based on the historically 

stored GPS data. Considering ATT alone may not be appropriate since standard deviation of 

any segment may affect OTP. For cases where actual travel times have very less standard 

deviations from mean travel times, ATT may work effectively. However, for significant 

variations or deviations from mean, ATT may not capture the actual travel time variations 

that occur and hence, travel time variability or reliability becomes significant. Overall, there 

is an alarming need to consider the applicability of reliability measures for travel times 

forecasting for the design of bus transit schedules under mixed traffic conditions like in India, 

where travel time variations are generally significant. 
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