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Abstract 
Transit signal priority (TSP) can reduce transit delay at signalized intersections by making phasing adjustments. TSP is a relatively inexpensive and easy to implement tool to make transit service faster and more reliable. TSP also sends a signal that a city or region encourages the growth of transit mode split. With the aim of assessing the performance of an existing TSP system, this study had access to a unique set of high-resolution bus and traffic signal data. Novel algorithms and performance measures to measure TSP performance are proposed. Results indicate that a timely and effective TSP system requires a high degree of sophistication, monitoring and maintenance. Empirical data suggest that most TSP phase adjustments were granted within the same cycle when buses request priority but that only a small proportion resulted in reduced delay. In this study, many green extension (GE) phases were granted late making them less effective than early (EG) signal phases. Despite this, the TSP system did not increase delays for passengers and vehicles when side street traffic is considered. 
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Introduction and Background
Transit signal priority (TSP) is the process of detecting transit vehicles approaching signalized intersections and adjusting the signal phasing in real time to reduce transit delay (1). TSP is relatively inexpensive and easy to implement to improve transit reliability and bus travel speed(2). TSP phase adjustments include: green extension (GE) and early green (EG), or red truncation. GE extends a green phase for a period of time to speed bus passage through an intersection before the signal turns red. EG truncates a red phase and begins the green phase early to help transit vehicles begin moving early. 
A TSP system typically consists of three components: 1) an onboard priority request generator that alerts the intersection traffic control system that the bus requests priority; 2) a detection system that receives the priority request and informs the traffic controller where the bus is located; 3) a priority control strategy that determines whether to grant a TSP phase, which TSP phase should be granted, and when the TSP phase should start and end (2). Priority control strategies fall into three categories (1): passive (priority granted regardless of the state of the system), active (priority granted only when the state of the system meets certain requirements), and real-time active.  The TSP objective may be to minimize the total passenger delay (3, 4), bus schedule deviations (5, 6), or other performance measures (7–10). 
TSP strategies have been evaluated utilizing analytic or simulation models, with significant variations in results. Balke et al. (11) simulated active priority at an isolated intersection with both GE and EG phases and found significant reductions in bus travel time with minor increases in total intersection delay under moderate traffic levels. Furth and Muller (1) evaluated the passive and active TSP systems in a corridor using simulation, with significant improvement in bus schedule adherence. However, active priority had almost no impact on traffic delay and passive priority significantly increased traffic delay. Skabardonis (12) evaluated proposed passive and active priority strategies on a coordinated signal system corridor with 21 intersections. Simulation showed that TSP strategies provide modest improvement for buses without adverse effects on auto traffic. Dion et al. (13) evaluated active priority strategies using simulation on an arterial corridor, showing that buses would benefit from TSP at the expense of increasing overall traffic delays. Under low traffic flows, the negative impacts were negligible. Byrne et al. (14) evaluated a conditional TSP system at a single intersection using simulation, resulting in 11% bus travel time savings at far-side stops and a 6% increase in bus travel time at near-side stops. One study found that TSP is more efficient at far-side bus stops because there is less intersection arrival time uncertainty (15). Bus arrival time prediction and fast TSP activation and deactivation are key factors affecting TSP effectiveness as shown in a later Section. 
Unlike previous studies that used simulation to study TSP systems, Lin (16) used analytical models, and found that buses traveling along minor cross streets benefit more than buses traveling on the major arterial. Skabardonis and Christofa (17) also used analytical models to estimate the potential impact of TSP on intersection level of service (LOS). Results show that TSP has little impact on intersection LOS under low and moderate traffic flow but can deteriorate intersection LOS under high traffic flow conditions. In summary, proposed TSP control strategies have been evaluated using analytic or simulation models and results are not always consistent. This may be due a lack of consistency controlling for factors such as intersection geometry, signal timing, traffic demand, TSP control strategies and parameters, transit vehicle headways, reliability of detection system and the TSP request generating system (18). Also, simulation and analytical models have been used for pre-TSP installation evaluation, while this paper focuses on methodologies that integrate multiple sources of empirical data to evaluate an existing TSP system’s performance.
Several studies have empirically evaluated TSP systems, with varying results. Hunter-Zaworski et al. (19) collected travel time data for buses and other vehicles at four intersections on Powell Blvd. in Portland, Oregon, before and after the implementation of an active TSP system. They found that after TSP implementation bus travel time decreased during peak hours but increased during off-peak hours and that intersection total person delay increased at certain times of day. Koonce et al. (20) evaluated a TSP system on Barbur Blvd., also in Portland, showing that bus travel time decreased 0.4–3.2 minutes and travel time variability decreased 2.2–19.2% during different times of day and travel directions. No difference was found in bus travel time between late and on-time buses. Kimpel et al. (21) evaluated changes in bus running times, on-time performance, and excess passenger waiting times following TSP implementation on several corridors in Portland, showing that TSP benefits are neither consistent across routes and time periods nor across performance measures. Slavin et al. (22) evaluated TSP on Powell Blvd. using regression models, showing significant reductions in bus corridor travel time for buses that requested TSP. Albright and Figliozzi (23) used regression models to evaluate TSP on the same corridor, showing that a bus that requested signal priority significantly shortened the headway to its preceding bus and increased the headway to its following bus. Albright and Figliozzi (24) also found that late bus recovery (bus schedule delay before and after an intersection) varied but was greater at intersections with less demand on the minor cross streets. Diab and El-Geneidy (25, 26) used regression models to study an active TSP system on two bus routes in Montreal, Canada. Results indicated that bus travel times for the two bus routes significantly decreased with TSP and that TSP equipped buses have shorter travel times than non-equipped buses. .
No empirical study has compared the performance and delay reduction efficiency of EG and GE phases. This study fills this gap by integrating TSP traffic signal phase log data, automatic vehicle location (AVL), and automated passenger count (APC) data. This study proposes new performance measures for evaluating TSP system timeliness, effectiveness and efficiency and to compare the performance of GE and EG TSP phases.   

Study Corridor and Data Description
Powell Boulevard is a 4-mile long major urban arterial corridor in Portland, Oregon, with two lanes in each direction; downtown Portland is located to the west of the figure. Bus route 9 is the primary bus route operated along this corridor, which runs east-west with an average headway of 15 minutes during midday and an average headway of 6–7 minutes during the morning and evening peak periods. The Sydney Coordinated Adaptive Traffic System (SCATS) is implemented at 12 signalized intersections between Milwaukie Ave. and 72nd Ave.  An active transit signal priority (TSP) system is programmed to respond to bus priority requests from both the EB and WB directions at each of the 12 intersections. An infrared emitter on a bus is activated and a priority request is sent to downstream traffic signals whenever these conditions are met: 1) within the City of Portland; 2) on-route; 3) doors are closed; and 4) more than 30 seconds late. At a signalized intersection, an Opticom detector on the traffic signal mast arm receives the priority request and relays the request to the signal controller. Based on the cycle sequence, either an EG or a GE can be granted. It is possible that a bus passes the intersection but the TSP request is not cancelled by SCATS.
There are 22 bus stops and 21 bus stop-to-stop segments (between two consecutive bus stops) in each direction between Milwaukie and 72nd Ave. There are 18 bus stop-to-stop segments that include one SCATS signals, and 3 segments that include two signals. This study focuses on the 18 segments with one signal (see FIGURE 1 (b)). Six of these are near-side segments where the departure stop of the stop-to-stop segment is a near-side stop and 12 are far-side segments, where the arrival stop of the stop-to-stop segment is a far-side stop. March 2013 weekday data records were collected and integrated for the 18 stop-to-stop segments.
In the bus AVL/APC data, every time a bus makes a stop, the actual arrival time and departure time, scheduled departure time, passenger load and the number of boarding and alighting passengers are recorded (27, 28). The AVL data is only available when buses arrive at bus stops, therefore, no bus location is provided between bus stops. Bus departure time is the time when a bus leaves 50 feet downstream of the bus stop; bus arrival time is the bus door open time at a bus stop. If a bus skipped a bus stop, the arrival time is the time when the bus is 50 feet upstream of the bus stop. SCATS signal phase data records the start time and end time of each phase including regular green phase, red phase and transit signal priority phases (GE and EG). The SCATS system also provides vehicle count data for each approaching lane of an intersection at 15-minute intervals. A more detailed description of the three data sources can be found in Feng (29). 

Estimation of bus Intersection Arrival Time
A detailed study of TSP performance at the signal phase level requires bus intersection arrival time data. However, bus trajectories are unknown between bus stops and hence intersection arrival time is also unknown. Bus intersection arrival time is necessary to estimate the bus arrival phase (signal phase active when bus reaches intersection).  This study has developed 1) an algorithm to estimate bus stop-to-stop travel speed and 2) an algorithm to estimate the phase encountered by a bus arriving at an intersection. These algorithms produce probability distributions associated with travel time and arrival phase. 

Estimation of Bus Travel Speed Distributions
Intersection arrival time is estimated utilizing bus stop-to-stop travel speed data that excludes trips that experience signal delay. The inclusion of buses that experienced signal delay would bias the results by incorrectly lowering stop to intersection travel speeds. The method used to exclude observations that include signal delay is the following:

(a) Disaggregate stop-to-stop travel times by time of day and stop-to-stop segment.
(b) Assume that the total number of bus travel speed observations for a bus stop-to-stop segment at a certain time of day is  and that the ratio between the median red phase duration and the cycle length of the intersection is  (). 
(c) Order the  bus travel speed observations from lowest to highest. 
(d) Remove the first   lowest bus speed observations (round up/down to get an integer). 
(e) Use the remaining  speed observations to estimate a frequency based travel speed probability distribution utilizing 1 mph speed bins; denote this distribution as 
(f) Find the minimum and maximum speeds and denote them  and  respectively.  

Four times of day are used: AM peak (7–9 am), Mid-day (9 am–4 pm), PM peak (4–6 pm) and Evening (6 pm–7 am). It is assumed that the estimated bus travel speed distribution for the stop-to-stop segment applies to both the upstream (departure bus stop to intersection stop bar) and the downstream (intersection stop bar to downstream or arrival bus stop) portions. Travel time distributions vary significantly throughout the day (29).

Estimation of Bus Arrival Phase
The bus intersection arrival time distribution is a function of travel speed, bus departure time at the upstream stop, bus arrival time at the downstream stops and signal phase start and end times. Notation is presented below. 
Define as the set of bus trips for a stop-to-stop segment that contains one signalized intersection and  as the index for the th bus trip, . Define  as the set of cycles for the signalized intersection in the bus stop-to-stop segment and  as the index for the th cycle, ; in the following algorithm a cycle is defined as the time interval between two consecutive red phase end times . 

Inputs
,  	distance between upstream bus stop and intersection stop bar, and the distance between the intersection stop bar and the downstream bus stop;
, 	departure time from the upstream stop and arrival time at the downstream stop for bus trip ;
 	number of onboard passengers during trip ;
,  	red phase start time and end time for cycle ;
,  	GE phase start time and end time for cycle ;
,  	EG phase start time and end time for cycle .

Outputs
 	intersection arrival probability during cycle  red phase for bus trip ;
	intersection arrival probability during cycle  green phase for bus trip ;
 	intersection arrival probability during cycle  GE phase for bus trip ;
 	intersection arrival probability during cycle  EG phase for bus trip ;
,  	GE phase expected bus and passenger time savings for bus trip ; and
,  	EG phase expected bus and passenger time savings for bus trip .

Since bus trajectory is unknown it is useful to define bus trajectory boundaries:  is the soonest possible intersection arrival times for trip  and  	is the latest possible intersection arrival times for trip . The boundaries  and  are defined by the following equations:

	
	[1]

	
	 [2]



FIGURE 2 shows four different bus trajectory boundaries as a function of four different departure times for trip  holding all other parameters constant.  For the sake of clarity FIGURE 2 shows only feasible bus trajectory boundaries determined by maximum speeds. The minimum speeds are usually not a constraint; if they are a constraint equations [1] and [2] take them into account. In addition, a feasible boundary may span over two or fewer cycles; as a reference the distance between a bus stop and an intersection is always less than 0.15 miles (see Figure 1) and a bus traveling at 7.5 mph (less than the minimum speed observed) requires 72 seconds (which is less than the typical cycle of 120 seconds).   
Then   where it is assumed that the yellow time is utilized as green time and that there is no TSP phase.  When there is an EG TSP phase in a cycle, the probability of arriving at the intersection during the EG can be estimated as follows (see FIGURE 3 EG phase):
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	If there is a GE phase in cycle  the probability of arriving at the intersection during a GE can be estimated as follows (see FIGURE 3 GE phase):
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TPS Performance Evaluation Results
TSP performance can be evaluated along multiple dimensions. A novel contribution of this research is to define four dimensions for TSP performance evaluation: 1) Frequency, 2) Responsiveness, 3) Timeliness, and 4) Effectiveness.

TSP Frequency 
TSP systems can be deployed but few phases may actually be granted as shown in 
FIGURE 4. There is no correlation between the number of trips and the number of EG and GE TSP phases granted even though this corridor have almost the same bus frequency in both directions. The ratio of TSP phases and requests shows that very few TSP phases were granted at the intersections of 26th Ave. and 33rd Ave.; the low frequency indicates a potential TSP setting problem. A TSP configuration problem was later confirmed by the City of Portland which indicates the usefulness of TSP frequency as an initial TSP performance detection tool. In the rest of this section we omit results for 26th Ave. and 33rd Ave. intersections. 

TSP Responsiveness
Responsiveness aims to measure whether TSP phases are granted to buses that (a) request priority and (b) arrive at the intersection during the cycle when the TSP phase was granted.  The cycles are defined around GE and EG phases. As shown in FIGURE 5, a “responsive” cycle for a GE phase is the time interval between two consecutive green phase start times that includes the GE phase and a bus that requested TSP arrives at the intersection during this cycle (e.g. cycle ③ in FIGURE 5 (a)); a “responsive” cycle for an EG phase is the time interval between the middle time of two green phases that includes both the EG phase and the arrival of a bus that has requested TSP during this cycle (e.g. cycle ③ in FIGURE 5 (b)). In FIGURE 5 (a) and (b), bus “d” arrives at the intersection in cycle ① and triggers a TSP phase in cycle ②; therefore, this TSP phase in cycle ② is not “responsive” to any bus. Bus “a”, “b” or “c” arrives at the intersection in cycle ③ and triggers a TSP phase granted in the same cycle; therefore, bus “a”, “b” or “c” triggers a “responsive” TSP phase. Because bus travel time distributions are known, for each TSP phase it is possible to estimate the probability that at least one bus arrived in an EG or GE phase.  

A bus trip that requests priority has four potential outcomes:
1. intersection arrival during a cycle with GE phase, 
2. intersection arrival during a cycle with EG phase,
3. intersection arrival during a cycle with both GE and EG phases; and
4. intersection arrival during a cycle with neither a GE nor an EG phase. 

Neither GE nor EG means that a bus requested TSP but no green extension (GE) or early green (EG) phase was granted within the same cycle. FIGURE 6 shows the breakdown of the four outcomes for TSP requests at each intersection from both directions. Note that there are no results for the intersections at 69th and 71st Ave. in the WB direction because there are two signalized intersections in this stop-to-stop segment and the algorithm presented in the previous Section does not estimate bus arrival times at each of the two intersections. Results vary significantly across intersections and by direction. For example, very few TSP requests resulted in the “responsive” granting of a TSP phase at 42nd Ave. in the EB direction or at 50th Ave. in either direction. Overall, results show that more than half of the TSP requests did not result in the granting of any responsive TSP phase. Also TSP requests resulted in more GE phases than EG phases, and there is no clear difference in the results between near-side segments and far-side segments.

TSP Timeliness
TSP can be responsive at some intersections but not necessarily “timely” by occurring at suitable times. In FIGURE 5, buses “a”, “b” and “c” would all trigger a TSP phase granted in the same cycle; however, only bus “b” would benefit from the TSP phase, which means that bus “b” saved time due to the TSP phase. Buses “a” and “c” would trigger the TSP phase, but the TSP phase would be late and early to buses “a” and “c”, respectively. Therefore, we define that the TSP phase in cycle ③ is timely (on-time) for a bus that requests priority (a TSP request benefits from a timely (on-time) TSP phase)
The probability that a TSP request triggered an early, on-time, late or out of cycle TSP phase granted can be calculated using the formulas presented in the previous Section. Results are shown in FIGURE 7 (a) and (b) for GE and EG phases, respectively. FIGURE 7 (a) and (b) show that bus TSP requests have only 0–5% probability of benefiting from a GE phase and 0–15% probability of benefiting from an EG phase, respectively. On average, across intersections, a bus has a 25% probability of triggering a late GE phase.  The results may indicate a problem with the TSP control strategies, e.g. a GE phase may be granted irrespective of whether a TSP request is received in the beginning of a regular green phase or at the end of a regular green phase. The results may also indicate a problem with the TSP request deactivation. For example, a TSP call in the signal controller may not have been canceled even if a bus has already passed the intersection. It is also possible that there is a lag in how SCATS is processing the priority requests because early green is happening on-time much more frequently than GE.

TSP Effectiveness
The goal of TSP systems is to reduce transit travel times and their variability. This final performance measure aims to measure the effectiveness of TSP systems for reducing trip and passenger travel times. A more complete measure of effectiveness includes time savings for other vehicles on the major street and vehicle delays on minor streets. Since the average GE and EG phase durations are different across intersections and phases, time savings and delays per second of TSP phase are used in the comparisons. 
For each bus stop-to-stop segment, the average bus passenger time savings per second TSP phase can be estimated by:

	
	[7]



Formulas that were used to estimate bus and passenger time savings can be found in Feng (29). FIGURE 8 (a) and (b) show that the estimated total passenger time savings per second of GE phase is much lower than for the EG phases. EG phases are relatively more effective than GE phases at most intersections. This may be because there too many GE phases that are not utilized by buses. Therefore, this may not be true if both GE and EG phases are working correctly. According to (2), TSP should be more effective at far-side stops because bus arrival time prediction is more reliable at far-side stops. However, FIGURE 8 (a) and (b) do not show clear differences between near-side and far-side stops but this finding is not conclusive due to the small sample size (only six near-side and twelve far-side segments).
Assuming vehicle arrival rates at intersections are uniform (vehicle platooning arrival patterns were not considered), traffic conditions are unsaturated at all four approaches, and regular green phase and red phase durations will not change if a GE phase or an EG phase is granted, the total time savings (TTS) for non-bus vehicles on the major street and the total delay (TD) for vehicles on the side street can be estimated by the following:

	
	[8]

	
	[9]



The derivations of these equations are illustrated in FIGURE 9, where  is the discharge flow (assumed to be 1,800 vehicles per hour per lane) and  is the vehicle arrival flow from an approach of an intersection, estimated by the intersection vehicle count data.  is the regular red phase duration for an approach of an intersection.  is the median TSP phase duration (either GE or EG) for an intersection. 
Assuming all non-bus vehicles are single occupancy vehicles, results are shown in FIGURE 10. Results show that the total time savings and delays for non-bus vehicles per second of GE phase and per second of EG phase are very similar (less than 2 seconds difference), which means the nonlinear effect of TSP phase duration on non-bus vehicles time savings and delays is negligible. For each second of EG phase, the bus passenger time savings is slightly less than the total vehicle delay on the side street for intersections west of 52nd Ave., but the sum of the bus passenger time savings and the total vehicle time savings on Powell Blvd. is higher than the side street vehicle delay at all intersections. For each second of GE phase, the sum of bus passenger time savings and non-bus vehicle time savings on the major street is almost equal to the vehicle delay on the side street.

[bookmark: _Toc384808628][bookmark: _Ref384808687]Conclusions  
TSP systems are relatively low cost and easy to implement systems that can improve transit running times and reliability. This research shows that TSP systems can be challenging to implement so that they are both timely and effective.  TSP systems require not only maintenance but also continuous monitoring to promptly detect problems and intersections with low TSP performance. 
This study developed a novel methodology to integrate traffic signal and AVL/APC transit data for estimating bus arrival time and phase probability distributions at intersections and bus travel time savings. Four novel TSP performance measures are proposed: frequency, responsiveness, timeliness, and effectiveness. TSP by definition is a partnership between transit agencies that operate the bus system and cities that manage the traffic signal system. Proactive TSP performance analysis can help transit agencies and cities to better understand existing TSP system performance, as well as identify potential problems and improvement opportunities. Future research should examine TSP detector health and performance in other settings and corridors.
For this study, results indicate that more than 80% of the TSP phases were granted within the same cycle when a bus arrived at the intersection. However, the TSP timeliness was relatively low during the study period, and a gap remains between the ideal TSP effectiveness and its actual performance. EG phases were better than GE phases because too many GE phases were granted late or lost. This may indicate some potential problems with the TSP control strategies, bus emitter priority request activation/deactivation reliability, or priority request detection reliability. Results also show that EG phases are more efficient than GE phases. The estimated non-bus vehicles time savings and delay per second TSP phase are similar.  The total passenger time savings and delays per second GE phase are almost equal to each other; but the total passenger time savings per second EG phase is much higher than the total non-bus vehicle delay. 
The TSP performance evaluation results provide worthwhile information for the city and the transit agency to identify potential problems and improvement opportunities for the TSP system. The algorithms and performance measures are general and can be applied to other corridors where TSP is implemented. However, the specific values for GE and EG timeliness and effectiveness are site specific.  
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(a) Early Green (EG) phase
[image: ]
(b) Green Extension (GE) phase
[bookmark: _Ref387317413][bookmark: _Toc386474514][bookmark: _Toc413099817]FIGURE 3 Example of stop-to-stop trip trajectories with a TSP phase.



(a) [bookmark: _Toc386474519]Average number of bus trips per day.

(b) [bookmark: _Toc386474520]Average number of TSP phases per day.

(c) % TSP phases per TSP requests
[bookmark: _Ref394403414][bookmark: _Ref403806790]
[bookmark: _Toc413099818]FIGURE 4 TSP Frequency.
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[bookmark: _Ref387332719][bookmark: _Toc413099819]FIGURE 5 TSP timeliness and effectiveness example.




[bookmark: _Ref387335240][bookmark: _Toc413099820]FIGURE 6 Breakdown of TSP request outcomes. 





(a) GE

(b) EG
[bookmark: _Ref387339321][bookmark: _Toc413099821]FIGURE 7 TSP Timeliness for requested (a) GE and (b) EG phases.






(a) GE

(b) EG
[bookmark: _Ref387399982][bookmark: _Toc386474537][bookmark: _Toc413099822]FIGURE 8 Estimated total passenger time savings per second TSP phase.
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[bookmark: _Ref387403236][bookmark: _Toc386474538][bookmark: _Toc413099823]FIGURE 9 Illustration of major street time savings and side street delay.




(a) GE

(b) EG
[bookmark: _Ref387403677][bookmark: _Toc413099824]FIGURE 10 Total passenger time savings and vehicle delays per second of TSP phase.


requested TSP	26th	33rd	39th	42nd	50th	52nd	65th	69th	71st	72nd	71.45	79.25	71.349999999999994	79.7	69.95	67.45	69.25	68.05	66.5	66.5	did not request TSP	26th	33rd	39th	42nd	50th	52nd	65th	69th	71st	72nd	79.2	70.8	79.55	70.95	80.8	83.1	80.650000000000006	82.5	83.95	84.15	Number of bus trips

Green Extension (GE)	26th	33rd	39th	42nd	50th	52nd	65th	69th	71st	72nd	2.85	2.15	37.6	26.1	11.45	32	25.55	28.8	13.55	22.85	Early Green (EG)	26th	33rd	39th	42nd	50th	52nd	65th	69th	71st	72nd	1.65	0.25	24.6	7.5	7.5	14.4	5.35	2.9	4.55	5.9	Number of TSP phases

GE / TSP requests	26th	33rd	39th	42nd	50th	52nd	65th	69th	71st	72nd	3.9888033589923003E-2	2.71293375394322E-2	0.52697967764540998	0.32747804265997499	0.163688348820586	0.47442550037064501	0.36895306859205801	0.42321822189566499	0.203759398496241	0.34360902255639098	EG / TSP requests	26th	33rd	39th	42nd	50th	52nd	65th	69th	71st	72nd	2.3093072078376499E-2	3.15457413249211E-3	0.34477925718290098	9.4102885821831794E-2	0.107219442458899	0.21349147516679001	7.7256317689530701E-2	4.2615723732549599E-2	6.8421052631578896E-2	8.8721804511278202E-2	Ratio

GE	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	39th	42nd	50th	52nd	65th	69th	71st	72nd	0.14601226993864999	6.0388945752302997E-2	5.9496567505720799E-2	0.28819068255688002	0.24940047961630701	0.49435382685069001	0.18146214099216701	0.30718954248365998	Both GE and EG	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	39th	42nd	50th	52nd	65th	69th	71st	72nd	0.120245398773006	6.1412487205731803E-3	5.0343249427917597E-2	0.104008667388949	1.67865707434053E-2	3.1367628607277299E-2	2.4804177545691902E-2	6.5359477124182996E-2	EG	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	39th	42nd	50th	52nd	65th	69th	71st	72nd	2.8220858895705501E-2	2.04708290685773E-3	2.8604118993134999E-2	3.2502708559046599E-2	1.3189448441247E-2	2.13299874529486E-2	4.0469973890339399E-2	2.8758169934640501E-2	Neither GE nor EG	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	39th	42nd	50th	52nd	65th	69th	71st	72nd	0.70552147239263796	0.93142272262026604	0.86155606407322605	0.57529794149512503	0.72062350119904095	0.45294855708908399	0.75326370757180205	0.59869281045751699	GE	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	39th	42nd	50th	52nd	65th	69th	71st	72nd	0.220588235294118	0.30145867098865498	9.9047619047618995E-2	0.244131455399061	0.37023593466424698	0	0	0.155752212389381	Both GE and EG	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	39th	42nd	50th	52nd	65th	69th	71st	72nd	0.23856209150326799	0.15559157212317701	5.5238095238095197E-2	8.4507042253521097E-2	5.8076225045372097E-2	0	0	1.41592920353982E-2	EG	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	39th	42nd	50th	52nd	65th	69th	71st	72nd	4.08496732026144E-2	3.2414910858995102E-3	3.4285714285714301E-2	0.12676056338028199	1.9963702359346601E-2	0	0	3.1858407079646003E-2	Neither GE nor EG	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	39th	42nd	50th	52nd	65th	69th	71st	72nd	0.5	0.53970826580226905	0.81142857142857205	0.54460093896713602	0.55172413793103503	0	0	0.79823008849557497	
a: late GE	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	39th	42nd	50th	52nd	65th	69th	71st	72nd	0.149301525561647	4.6070932049864198E-2	6.25805795573358E-2	0.30188397666266498	0.22863526884815299	0.52068911486019098	0.19945903745322299	0.321225426918681	b: on time GE	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	39th	42nd	50th	52nd	65th	69th	71st	72nd	4.8589319285817596E-3	7.3068638403411303E-3	0	2.1196509003966298E-2	1.9673323208773898E-3	1.8154645180650201E-3	6.2184394065907204E-3	1.7456603271708601E-2	c: early GE	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	39th	42nd	50th	52nd	65th	69th	71st	72nd	2.5277050925085E-2	7.5208245123020399E-3	1.1441647597254E-3	9.7508125677139793E-3	4.2099653610445003E-3	2.0788223065751101E-3	1.33650440762092E-3	2.2648487295260901E-2	d: no GE	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	39th	42nd	50th	52nd	65th	69th	71st	72nd	0.82056249158468597	0.93910137959749296	0.93627525568293901	0.66716870176565501	0.76518743346992502	0.47541659831516903	0.79298601873256502	0.63866948251434996	a: late GE	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	39th	42nd	50th	52nd	65th	69th	71st	72nd	0.29549388945630001	0.41484033257220598	9.9417061736103499E-2	0.276185713009652	0.39406017792445303	0	0	0.149346458566746	b: on time GE	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	39th	42nd	50th	52nd	65th	69th	71st	72nd	3.3241095342042698E-2	1.6032011304363599E-2	4.5082431969961402E-3	2.88729773965417E-2	7.6084126088480798E-3	0	0	4.6888091700008402E-3	c: early GE	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	39th	42nd	50th	52nd	65th	69th	71st	72nd	3.8099090090102601E-2	1.0410146244081901E-2	0	1.7015473329578899E-2	0	0	0	6.2826004025588996E-3	d: no GE	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	39th	42nd	50th	52nd	65th	69th	71st	72nd	0.63316592511155501	0.55871750987934798	0.89607469506689996	0.67792583626422798	0.59833140946669905	0	0	0.83968213186069396	
a: late EG	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	39th	42nd	50th	52nd	65th	69th	71st	72nd	1.4031963029106699E-2	1.0269915931595201E-3	1.1832400564513399E-2	1.4084507042253501E-2	3.8509697845894998E-3	5.6650696343325396E-3	7.8949554532418108E-3	4.8863783061217801E-3	b: on time EG	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	39th	42nd	50th	52nd	65th	69th	71st	72nd	0.107853964346576	2.04708290685773E-3	6.2237229847275401E-2	0.102751585767408	1.89591129399743E-2	2.4378722581221101E-2	4.78624293085122E-2	2.8057821019315001E-2	c: early EG	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	39th	42nd	50th	52nd	65th	69th	71st	72nd	2.6921640738196799E-2	4.0941658137154599E-3	1.3191912284564599E-2	1.5243868456467E-2	7.37237758363791E-3	2.5771023672210201E-2	3.71508537550823E-2	6.6669061307538094E-2	d: no EG	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	39th	42nd	50th	52nd	65th	69th	71st	72nd	0.85119243188612104	0.99283175968626702	0.912738457303647	0.86792003873387202	0.96981753969179796	0.94418518411223595	0.90709176148316395	0.90038673936702496	a: late EG	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	39th	42nd	50th	52nd	65th	69th	71st	72nd	4.36454315200153E-2	5.0897342548279698E-3	5.5493754390978697E-3	1.3644968742201301E-2	4.8151272517124597E-3	0	0	8.46555689836654E-3	b: on time EG	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	39th	42nd	50th	52nd	65th	69th	71st	72nd	0.16009240263619301	5.2546218997562601E-2	7.9863823098631798E-2	0.13232330938609499	4.9704165889209201E-2	0	0	2.85061436968621E-2	c: early EG	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	39th	42nd	50th	52nd	65th	69th	71st	72nd	4.5939055189104898E-2	0.139224207302905	8.6799973802974602E-3	8.8117572487416404E-2	4.4627288923127999E-2	0	0	2.6360218865319501E-2	d: no EG	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	39th	42nd	50th	52nd	65th	69th	71st	72nd	0.75032311065468704	0.80313983944470502	0.90590680408197299	0.76591414938428704	0.90085341793594997	0	0	0.93666808053945205	
far-side	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	39th	42nd	50th	52nd	65th	69th	71st	72nd	1.310739919674597	3.0130652235768141	0.44254054453962299	1.714247532811372	4.3517330447985572	1.1213327833728239	0.18398985053269101	0.41375370059289801	0.14289878124202099	0	0.54814567225955002	0	0.169491617024184	near-side	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	39th	42nd	50th	52nd	65th	69th	71st	72nd	2.5119475133860001	2.4457807100093381	2.6670735684313152	seconds

far-side	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	39th	42nd	50th	52nd	65th	69th	71st	72nd	8.9577981317576203	9.2410078532189406	8.2996016994012205	13.7013393666341	12.65829275123254	8.5246502295950553	5.5532693745572796	4.9928992296258263	4.0545964709369562	6.2913114182330929	4.5860745381435919	near-side	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	EB	WB	39th	42nd	50th	52nd	65th	69th	71st	72nd	3.8380606425809081	6.4808449839143911	2.808668964188358	seconds

Major street bus passenger time savings	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	39th	42nd	50th	52nd	65th	69th	71st	72nd	4.32380514325141	4.9577282233953373	2.1567880773509942	5.4730658281713813	0.59774355112558897	0.14289878124202099	0.54814567225955002	2.836565185455497	Major street non-bus vehicle time savings	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	39th	42nd	50th	52nd	65th	69th	71st	72nd	40.450121654501203	14.88564476885645	23.529436860068259	20.294845439803879	4.8571428571428559	4.5816623297107002	7.6201273489672268	7.4215828780512227	Minor street vehicle delay	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	39th	42nd	50th	52nd	65th	69th	71st	72nd	42.94974874371858	13.5	30.274390243902442	27.862308254200141	3.2345971563981042	3.7117039586919112	2.1660839160839158	2.3834894613583142	seconds

Major street bus passenger time savings	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	39th	42nd	50th	52nd	65th	69th	71st	72nd	18.198805984976559	10.318905626495299	22.00094106603532	21.18294298082758	10.5461686041831	4.0545964709369562	6.2913114182330929	7.3947435023319521	Major street non-bus vehicle time savings	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	39th	42nd	50th	52nd	65th	69th	71st	72nd	39.479318734793189	13.59124087591241	22.811433447098981	19.146669390569329	3.714285714285714	2.2954232358793818	5.2582699176890824	5.2266051826976101	Minor street vehicle delay	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	39th	42nd	50th	52nd	65th	69th	71st	72nd	43.826274228284277	13.75	34.383989993746063	28.49196493791089	3.3009478672985781	3.842512908777969	2.2639860139860142	2.4912177985948478	seconds
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