
Operating Signals for 
Transit



Signal Design Toolbox
Key Terms



Stop Location – Near Side

Presenter
Presentation Notes
Label both terms!Hand out glossary?



Near-Side, Pull-Out Stop

Presenter
Presentation Notes
It’s helpful to start with some of the basic terms, just to ensure we’re speaking the same language. We’ll refer to stop locations, stop configurations, and specific geometric treatments throughout.Near-side / far-side refers to where relative to the intersection the bus stops, so when we say near-side, we mean before the intersection. Relative to signal design, stopping near-side before the signal means that you have to account for dwell time and passenger loading. If the bus arrives at the stop on a green and has to load passengers for any amount of time, this can often mean a “double-stop,” or a stop for loading, then a stop waiting for the signal.Additionally, this shows a “pull-out” stop, or a stop configured on the curb, requiring the bus to pull from the traffic stream to load passengers. This is common where there’s street parking, or where bays are built into the curb line.



Stop Location – Far Side



Far-Side, In-Lane Stop

Presenter
Presentation Notes
We’ll also talk about far-side stop locations, where the stop is configured after the signal. What matters here is that buses arriving on the green get to clear the signal, and then can take off immediately after loading riders. While this is beneficial in most signalized locations, a couple relevant concerns are—especially in the shown condition with an “in-lane” stop—traffic queuing behind the dwelling bus, as well as the concern of pulling back into the traffic stream where the bus pulls out of traffic.Far-side in-lane stops can be designed with additional length to the back to allow a couple cars to queue, but this does require more curb length, so is a consideration you have to answer during design and implementation.It’s also worth noting that this condition shows a boarding island with a bike channel behind it. Relative to signal design, this matters because this design completely separates movements between the two modes, and reduces conflicts. So if you’re separating movements in space, separating in time is less a consideration.



Stop Location – Mid-Block



Transit Lane



Transitway



Transit Approach Lane /
Queue Bypass

Presenter
Presentation Notes
We’ll talk about Transit Approach Lanes, which you might also know as a Queue Bypass or a Queue Jump. Basically, a Transit Approach Lane is a short transit lane, though may be up to a few blocks long in practice, that gives transit spatial priority approaching the intersection. As a signalization tool, Transit Approaches are meant to guarantee that the bus can reach the signal without sitting in the traffic queue. It can be applied anywhere in the cross-section, as it’s shown sorting turns from through movements in this example.



Queue Jump



Transit Signals
Louvered signal Transit Signal Head 



Active Transit
Signal Priority
Toolbox



Using Signals to Give Transit Priority

• Use TSP to support project goals

• Combine TSP with geometric treatments

• Avoid penalizing pedestrians

• Consider predictability for all users

Presenter
Presentation Notes
Lower complianceDoes ped clearance to island? (e.g. appropriate to bus volume)



When do I give active priority?

(Rules of thumb!)

• Buses per hour: (typically fewer than 15 per hour)

• v/c ratio? (0.5 – 0.7, may work up to 0.9)

• Behind the schedule, or always? (policy decision)



Typical Active TSP



Typical Active TSP



Typical Active TSP
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Bus to Signal

• Optical 
detection

• Loop detection 
(in-ground)

• Emitter / 
Receiver

Bus  to Ce nte r



Bus to Center
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Bus to Center

• AVL / GPS -
based

• TMC software  & 
roadside  
hardware

• Emitter / 
Receiver



Active TSP Tools



Green Extension

Be nefits  & Challe nge s
• Relatively simple to 

implement
• Doesn’t affect pedestrian 

crossing time (on thru 
street)

Applications
• Typically far-side or no stop 

location
• Mixed travel, transit lane, or 

transitway
• May use advance 

detection



Before



Before



Gre e n Exte ns ion



Gre e n Exte ns ion



Gre e n Exte ns ion



Green Reallocation

Be nefits  & Challe nge s
• Doesn’t change red / 

green allocation
• Shortens cross-street 

pedestrian crossing time

Applications
• Near-side, far-side, or no 

stop location; 
• Mixed travel, transit lane, or 

transitway
• Requires advance 

detection



Before



Before



Before



Before



Gre e n Allocation



Gre e n Allocation



Gre e n Allocation



Gre e n Allocation



Red Truncation

Be nefits  & Challe nge s
• Metering queue length in 

front of transit
• Difficult to model and 

implement
• Pedestrian crossing time on 

cross-street shortened

Applications
• Far-side stop / no stop
• Congested locations / long 

queues
• High-turning movement 

counts



Before



Before



Before



Before



Red Truncation



Re d Truncation



Re d Truncation



Re d Truncation



Re d Truncation



Upstream Green Truncation

Be nefits  & Challe nge s
• Where remerge from stop is 

a common delay culprit
• No impact to people 

walking; may impact 
unprotected bike facilities

Applications
• Near- or Far-side Pull-Out 

stops
• Bus Turns or Merges
• Generally mixed travel 

conditions



Reverse Queue Jump



Before

B U S    S T O P



Before

B U S    S T O P



B U S    S T O P

Ups tre am Gre e n Truncation



B U S    S T O P

Ups tre am Gre e n Truncation



B U S    S T O P

Ups tre am Gre e n Truncation



Phase Insertion

Be nefits  & Challe nge s
• Flexible actuation / 

detection
• Can co-implement with LPI 

/ LBI.

Applications
• Near-side pull-out stops
• Transit Approach Lanes / 

Queue Jumps, Transit Lanes



We s tlake  Ave , Se attle



We s tlake  Ave , Se attle



We s tlake  Ave , Se attle



Phase Reservice

Be nefits  & Challe nge s
• Addresses known 

problems, and requires 
minimal change to existing 
phasing

• May impact pedestrian 
crossing time with 
conflicting movements

Applications
• Any stop location type
• Bus turns & Queue Jumps
• Transit Lanes, Transitways, 

or Mixed Travel



Transit-Friendly Signal 
Progression
Passive / Fixed Timing Strategies



Timing Corridors for Transit

• Reduce Signal Cycle Length

• Increase Transit Green Time

• Time Progressions to Transit Green Wave 
/ Safe Speeds

• Let the bus go straight!



Corridor-Based Timing

96 9624 24



Balanced Signal Timing

36 24 36 24 36 24 36

• Reduce average delay 
to people  walking & 
biking

• Opportunity for speed 
management / safety 
benefit

• Opportunity for 
transit-friendly 
progression



One-way progression

Signal 
Blocks



One-way progression

Progre s s ion 
Spe e d  = 20mph



One-way progression – Before

M M M

Progre s s ion 
Spe e d  = 20mph



One-way progression – After

M M M

Progre s s ion 
Spe e d  = 13-15mph



One-way progression

M M M

Progre s s ion 
Spe e d  = 13-15mph



Two-Way Progression



Two-Way Progression



Two-Way Progression



Two-Way Progression



Two-Way Progression



Two-Way Progression



Two-Way Progression – Speed Mgmt



Shorter Cycle Lengths can help control 
speeding, reduce delay penalty

• Fill “gaps” in the platoon 
with slower progression 
speed

• Use small clusters / signal 
blocks to disincentivize 
speeding (decrease 
“unconstrained arrivals”)

• Shorter Cycle Length 
reduces network delay



Longer Cycle Lengths can offset 
delay during peak hours

Stre e t Before

S Edmunds St 60

S Ferdinand St 60

S Hudson St 60

39th Ave S 60

Brandon St 60

S Orcas St 60

S Kenny St 60

AM Pe ak

Presenter
Presentation Notes
Finally, whether deploying passive progression or active priority, keeping the bus moving while managing speeds can change throughout the day. 



Longer Cycle Lengths can offset 
delay during peak hours

Stre e t Before Afte r

S Edmunds St 60 120

S Ferdinand St 60 120

S Hudson St 60 120

39th Ave S 60 60

Brandon St 60 60

S Orcas St 60 120

S Kenny St 60 60

AM Pe ak

Presenter
Presentation Notes
May do at certain times of day to prioritize bus mvmt. Vehicle capacity expands and contracts with cycle length.



Longer Cycle Lengths can offset 
delay during peak hours

Stre e t Before Afte r

S Edmunds St 60 60

S Ferdinand St 60 60

S Hudson St 60 60

39th Ave S 60 60

Brandon St 60 60

S Orcas St 60 60

S Kenny St 60 60

Off-Pe ak

Presenter
Presentation Notes
May do at certain times of day to prioritize bus mvmt. Vehicle capacity expands and contracts with cycle length.



Rainier Ave S, Seattle
Motor Ve hic le  Trave l Time s

Dire ction Before Afte r Change

NB 07:52 08:47 +   :55

SB 09:39 10:59 + 1:20

Trans it Trave l Time s

Dire ction Before Afte r Change

NB 19:32 16:31 - 3:01

SB 15:34 15:36 +  :02 

Motor Vehicle  Speeding ↓ 40%
High-End Speeding (over 40mph) ↓ 75%



Identify Sources of Delay
“What’s the problem I want to solve?”



Identifying Sources of Delay

• Dwell-time Delay at Stops

• Intersections: Turn Delay

• Intersections: Queue Length Delay

• Remerge Delay



Identifying Sources of Delay
• Stop / Dwell Delay

• “Doors open to Doors Close”
• 25th / 50th / 75th percentile dwell
• May not capture remerge 

delay

• Intersection / Signal Delay
• Setting AVL waypoints / 

frequency

• Runtime
• May include Queue Delay

Common Transit Route Time

Signal Delay Stop Delay Runtime



Delay by Segment



Intersection Delay: Time-Lapse



Intersection Delay: Time-Lapse



Stop / Dwell Delay

From Pull-Out to In-Lane
Stops + Pas s ive  TSP

Incre ase  Signal Offse ts

Active  TSP (far-side)

Queue  J ump (near- or 
far-side)



Stop / Dwell Delay



Stop / Dwell Delay



Turning Vehicle Delay

Trans it Approach Lane + 
Active  / Pas s ive  TSP

Right Turn Pocke t + 
Split Phase

Droppe d  Trans it Lane

Turn Prohib itions



Split Phase / Leading (Bus) Interval



Split Phase / Leading (Bus) Interval



Split Phase / Leading (Bus) Interval



Queue Length Delay

Trans it Lane + Active  / 
Pas s ive  TSP

Share d  Right Turn / 
Trans it Lane

Traffic Metering (Force d  
Turns , Gre e n Truncation)



Turn Prohibitions

• Reroute Before

• Reroute After

• Right-Left-Left

• Three Rights
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