Chapter 6	
Contents
6	Detector Plan	6-1
6.1	Detection Type	6-2
6.1.1	Inductive Loop Detection	6-3
6.1.2	Multiple Detection Technologies at a Single Intersection	6-3
6.2	Detection Basics	6-4
6.2.1	Presence Detection	6-4
6.2.2	Advance Detection (or Volume Density Detection)	6-5
6.2.3	Signal Timing Functions That May Be Used with Detection	6-7
6.3	Beyond Basic Detection	6-8
6.3.1	Interchange Ramps	6-8
6.3.2	Temporary Bridge Signals (One-Lane, Two-Direction)	6-8
6.3.3	Bicycle Detection	6-9
6.3.4	Adaptive Signal Timing Detection	6-10
6.3.5	Railroad Detection	6-10
6.3.6	Automated Traffic Signal Performance Measures (ATSPM)	6-11
6.4	Detection Zone Layout Considerations	6-11
6.4.1	Advance Stop Bars	6-11
6.4.2	Bridge Decks	6-12
6.4.3	Wide Corner Radius	6-12
6.4.4	Accesses: Driveways, Streets, and Alleys	6-12
6.4.5	Short Minor Street/Driveway Signalized Approaches	6-14
6.5	Conduit and Junction Box System	6-16
6.6	Synchronous Data Link Control (SDLC) – Bypassing the Detection Input File	6-17
6.7	Detection Input File	6-18
6.8	Radar Detector Unit Placement and Labeling	6-19
6.9	Video Detection Camera Placement and Labeling	6-23
6	Detector Plan	6-1
6.1	Detection Type	6-2
6.1.1	Inductive Loop Detection	6-3
6.1.2	Multiple Detection Technologies at a Single Intersection	6-3
6.2	Detection Basics	6-4
6.2.1	Presence Detection	6-4
6.2.2	Advance Detection (or Volume Density Detection)	6-5
6.2.3	Signal Timing Functions That May Be Used with Detection	6-7
6.3	Beyond Basic Detection	6-8
6.3.1	Interchange Ramps	6-8
6.3.2	Temporary Bridge Signals (One-Lane, Two-Direction)	6-8
6.3.3	Bicycle Detection	6-9
6.3.4	Adaptive Signal Timing Detection	6-10
6.3.5	Railroad Detection	6-10
6.3.6	Automated Traffic Signal Performance Measures (ATSPM)	6-11
6.4	Detection Zone Layout Considerations	6-11
6.4.1	Advance Stop Bars	6-11
6.4.2	Bridge Decks	6-12
6.4.3	Wide Corner Radius	6-12
6.4.4	Accesses: Driveways, Streets, and Alleys	6-12
6.4.5	Short Minor Street/Driveway Signalized Approaches	6-14
6.5	Conduit and Junction Box System	6-16
6.6	Synchronous Data Link Control (SDLC) – Bypassing the Detection Input File	6-17
6.7	Detection Input File	6-18
6.8	Radar Detector Unit Placement and Labeling	6-19
6.9	Video Detection Camera Placement and Labeling	6-22
Traffic Engineering-Roadway Section
Traffic Signal Design Manual – Detector Plan
Traffic Engineering-Roadway Section
Traffic Signal Design Manual – Detector Plan

January 20242025		Page 6-i
January 20242025		Page 6-4
[bookmark: _Toc121211091][bookmark: _Toc121318864][bookmark: _Toc8035920][bookmark: _Toc8036743][bookmark: _Toc8137656][bookmark: _Toc8138521][bookmark: _Toc8224352][bookmark: _Toc8225245][bookmark: _Toc8226066][bookmark: _Toc8299888][bookmark: _Toc8300707][bookmark: _Toc8740056][bookmark: _Toc8826524][bookmark: _Toc9434008][bookmark: _Toc19870215][bookmark: _Toc19870432][bookmark: _Toc20140472][bookmark: _Toc22045257][bookmark: _Toc22567094][bookmark: _Toc22567306][bookmark: _Toc8035921][bookmark: _Toc8036744][bookmark: _Toc8137657][bookmark: _Toc8138522][bookmark: _Toc8224353][bookmark: _Toc8225246][bookmark: _Toc8226067][bookmark: _Toc8299889][bookmark: _Toc8300708][bookmark: _Toc8740057][bookmark: _Toc8826525][bookmark: _Toc9434009][bookmark: _Toc19870216][bookmark: _Toc19870433][bookmark: _Toc20140473][bookmark: _Toc22045258][bookmark: _Toc22567095][bookmark: _Toc22567307][bookmark: _Toc8035922][bookmark: _Toc8036745][bookmark: _Toc8137658][bookmark: _Toc8138523][bookmark: _Toc8224354][bookmark: _Toc8225247][bookmark: _Toc8226068][bookmark: _Toc8299890][bookmark: _Toc8300709][bookmark: _Toc8740058][bookmark: _Toc8826526][bookmark: _Toc9434010][bookmark: _Toc19870217][bookmark: _Toc19870434][bookmark: _Toc20140474][bookmark: _Toc22045259][bookmark: _Toc22567096][bookmark: _Toc22567308][bookmark: _Toc8035923][bookmark: _Toc8036746][bookmark: _Toc8137659][bookmark: _Toc8138524][bookmark: _Toc8224355][bookmark: _Toc8225248][bookmark: _Toc8226069][bookmark: _Toc8299891][bookmark: _Toc8300710][bookmark: _Toc8740059][bookmark: _Toc8826527][bookmark: _Toc9434011][bookmark: _Toc19870218][bookmark: _Toc19870435][bookmark: _Toc20140475][bookmark: _Toc22045260][bookmark: _Toc22567097][bookmark: _Toc22567309][bookmark: _Toc8035924][bookmark: _Toc8036747][bookmark: _Toc8137660][bookmark: _Toc8138525][bookmark: _Toc8224356][bookmark: _Toc8225249][bookmark: _Toc8226070][bookmark: _Toc8299892][bookmark: _Toc8300711][bookmark: _Toc8740060][bookmark: _Toc8826528][bookmark: _Toc9434012][bookmark: _Toc19870219][bookmark: _Toc19870436][bookmark: _Toc20140476][bookmark: _Toc22045261][bookmark: _Toc22567098][bookmark: _Toc22567310][bookmark: _Toc8035925][bookmark: _Toc8036748][bookmark: _Toc8137661][bookmark: _Toc8138526][bookmark: _Toc8224357][bookmark: _Toc8225250][bookmark: _Toc8226071][bookmark: _Toc8299893][bookmark: _Toc8300712][bookmark: _Toc8740061][bookmark: _Toc8826529][bookmark: _Toc9434013][bookmark: _Toc19870220][bookmark: _Toc19870437][bookmark: _Toc20140477][bookmark: _Toc22045262][bookmark: _Toc22567099][bookmark: _Toc22567311][bookmark: _Toc8035926][bookmark: _Toc8036749][bookmark: _Toc8137662][bookmark: _Toc8138527][bookmark: _Toc8224358][bookmark: _Toc8225251][bookmark: _Toc8226072][bookmark: _Toc8299894][bookmark: _Toc8300713][bookmark: _Toc8740062][bookmark: _Toc8826530][bookmark: _Toc9434014][bookmark: _Toc19870221][bookmark: _Toc19870438][bookmark: _Toc20140478][bookmark: _Toc22045263][bookmark: _Toc22567100][bookmark: _Toc22567312][bookmark: _Toc8035927][bookmark: _Toc8036750][bookmark: _Toc8137663][bookmark: _Toc8138528][bookmark: _Toc8224359][bookmark: _Toc8225252][bookmark: _Toc8226073][bookmark: _Toc8299895][bookmark: _Toc8300714][bookmark: _Toc8740063][bookmark: _Toc8826531][bookmark: _Toc9434015][bookmark: _Toc19870222][bookmark: _Toc19870439][bookmark: _Toc20140479][bookmark: _Toc22045264][bookmark: _Toc22567101][bookmark: _Toc22567313][bookmark: _Toc8035928][bookmark: _Toc8036751][bookmark: _Toc8137664][bookmark: _Toc8138529][bookmark: _Toc8224360][bookmark: _Toc8225253][bookmark: _Toc8226074][bookmark: _Toc8299896][bookmark: _Toc8300715][bookmark: _Toc8740064][bookmark: _Toc8826532][bookmark: _Toc9434016][bookmark: _Toc19870223][bookmark: _Toc19870440][bookmark: _Toc20140480][bookmark: _Toc22045265][bookmark: _Toc22567102][bookmark: _Toc22567314][bookmark: _Toc8035929][bookmark: _Toc8036752][bookmark: _Toc8137665][bookmark: _Toc8138530][bookmark: _Toc8224361][bookmark: _Toc8225254][bookmark: _Toc8226075][bookmark: _Toc8299897][bookmark: _Toc8300716][bookmark: _Toc8740065][bookmark: _Toc8826533][bookmark: _Toc9434017][bookmark: _Toc19870224][bookmark: _Toc19870441][bookmark: _Toc20140481][bookmark: _Toc22045266][bookmark: _Toc22567103][bookmark: _Toc22567315][bookmark: _Toc8035930][bookmark: _Toc8036753][bookmark: _Toc8137666][bookmark: _Toc8138531][bookmark: _Toc8224362][bookmark: _Toc8225255][bookmark: _Toc8226076][bookmark: _Toc8299898][bookmark: _Toc8300717][bookmark: _Toc8740066][bookmark: _Toc8826534][bookmark: _Toc9434018][bookmark: _Toc19870225][bookmark: _Toc19870442][bookmark: _Toc20140482][bookmark: _Toc22045267][bookmark: _Toc22567104][bookmark: _Toc22567316][bookmark: _Toc8035931][bookmark: _Toc8036754][bookmark: _Toc8137667][bookmark: _Toc8138532][bookmark: _Toc8224363][bookmark: _Toc8225256][bookmark: _Toc8226077][bookmark: _Toc8299899][bookmark: _Toc8300718][bookmark: _Toc8740067][bookmark: _Toc8826535][bookmark: _Toc9434019][bookmark: _Toc19870226][bookmark: _Toc19870443][bookmark: _Toc20140483][bookmark: _Toc22045268][bookmark: _Toc22567105][bookmark: _Toc22567317][bookmark: _Toc8035932][bookmark: _Toc8036755][bookmark: _Toc8137668][bookmark: _Toc8138533][bookmark: _Toc8224364][bookmark: _Toc8225257][bookmark: _Toc8226078][bookmark: _Toc8299900][bookmark: _Toc8300719][bookmark: _Toc8740068][bookmark: _Toc8826536][bookmark: _Toc9434020][bookmark: _Toc19870227][bookmark: _Toc19870444][bookmark: _Toc20140484][bookmark: _Toc22045269][bookmark: _Toc22567106][bookmark: _Toc22567318][bookmark: _Toc8035933][bookmark: _Toc8036756][bookmark: _Toc8137669][bookmark: _Toc8138534][bookmark: _Toc8224365][bookmark: _Toc8225258][bookmark: _Toc8226079][bookmark: _Toc8299901][bookmark: _Toc8300720][bookmark: _Toc8740069][bookmark: _Toc8826537][bookmark: _Toc9434021][bookmark: _Toc19870228][bookmark: _Toc19870445][bookmark: _Toc20140485][bookmark: _Toc22045270][bookmark: _Toc22567107][bookmark: _Toc22567319][bookmark: _Toc8035934][bookmark: _Toc8036757][bookmark: _Toc8137670][bookmark: _Toc8138535][bookmark: _Toc8224366][bookmark: _Toc8225259][bookmark: _Toc8226080][bookmark: _Toc8299902][bookmark: _Toc8300721][bookmark: _Toc8740070][bookmark: _Toc8826538][bookmark: _Toc9434022][bookmark: _Toc19870229][bookmark: _Toc19870446][bookmark: _Toc20140486][bookmark: _Toc22045271][bookmark: _Toc22567108][bookmark: _Toc22567320][bookmark: _Toc8035935][bookmark: _Toc8036758][bookmark: _Toc8137671][bookmark: _Toc8138536][bookmark: _Toc8224367][bookmark: _Toc8225260][bookmark: _Toc8226081][bookmark: _Toc8299903][bookmark: _Toc8300722][bookmark: _Toc8740071][bookmark: _Toc8826539][bookmark: _Toc9434023][bookmark: _Toc19870230][bookmark: _Toc19870447][bookmark: _Toc20140487][bookmark: _Toc22045272][bookmark: _Toc22567109][bookmark: _Toc22567321][bookmark: _Toc8035936][bookmark: _Toc8036759][bookmark: _Toc8137672][bookmark: _Toc8138537][bookmark: _Toc8224368][bookmark: _Toc8225261][bookmark: _Toc8226082][bookmark: _Toc8299904][bookmark: _Toc8300723][bookmark: _Toc8740072][bookmark: _Toc8826540][bookmark: _Toc9434024][bookmark: _Toc19870231][bookmark: _Toc19870448][bookmark: _Toc20140488][bookmark: _Toc22045273][bookmark: _Toc22567110][bookmark: _Toc22567322][bookmark: _Toc8035937][bookmark: _Toc8036760][bookmark: _Toc8137673][bookmark: _Toc8138538][bookmark: _Toc8224369][bookmark: _Toc8225262][bookmark: _Toc8226083][bookmark: _Toc8299905][bookmark: _Toc8300724][bookmark: _Toc8740073][bookmark: _Toc8826541][bookmark: _Toc9434025][bookmark: _Toc19870232][bookmark: _Toc19870449][bookmark: _Toc20140489][bookmark: _Toc22045274][bookmark: _Toc22567111][bookmark: _Toc22567323][bookmark: _Toc8035938][bookmark: _Toc8036761][bookmark: _Toc8137674][bookmark: _Toc8138539][bookmark: _Toc8224370][bookmark: _Toc8225263][bookmark: _Toc8226084][bookmark: _Toc8299906][bookmark: _Toc8300725][bookmark: _Toc8740074][bookmark: _Toc8826542][bookmark: _Toc9434026][bookmark: _Toc19870233][bookmark: _Toc19870450][bookmark: _Toc20140490][bookmark: _Toc22045275][bookmark: _Toc22567112][bookmark: _Toc22567324][bookmark: _Toc8035939][bookmark: _Toc8036762][bookmark: _Toc8137675][bookmark: _Toc8138540][bookmark: _Toc8224371][bookmark: _Toc8225264][bookmark: _Toc8226085][bookmark: _Toc8299907][bookmark: _Toc8300726][bookmark: _Toc8740075][bookmark: _Toc8826543][bookmark: _Toc9434027][bookmark: _Toc19870234][bookmark: _Toc19870451][bookmark: _Toc20140491][bookmark: _Toc22045276][bookmark: _Toc22567113][bookmark: _Toc22567325][bookmark: _Toc8035940][bookmark: _Toc8036763][bookmark: _Toc8137676][bookmark: _Toc8138541][bookmark: _Toc8224372][bookmark: _Toc8225265][bookmark: _Toc8226086][bookmark: _Toc8299908][bookmark: _Toc8300727][bookmark: _Toc8740076][bookmark: _Toc8826544][bookmark: _Toc9434028][bookmark: _Toc19870235][bookmark: _Toc19870452][bookmark: _Toc20140492][bookmark: _Toc22045277][bookmark: _Toc22567114][bookmark: _Toc22567326][bookmark: _Toc8035941][bookmark: _Toc8036764][bookmark: _Toc8137677][bookmark: _Toc8138542][bookmark: _Toc8224373][bookmark: _Toc8225266][bookmark: _Toc8226087][bookmark: _Toc8299909][bookmark: _Toc8300728][bookmark: _Toc8740077][bookmark: _Toc8826545][bookmark: _Toc9434029][bookmark: _Toc19870236][bookmark: _Toc19870453][bookmark: _Toc20140493][bookmark: _Toc22045278][bookmark: _Toc22567115][bookmark: _Toc22567327][bookmark: _Toc8035942][bookmark: _Toc8036765][bookmark: _Toc8137678][bookmark: _Toc8138543][bookmark: _Toc8224374][bookmark: _Toc8225267][bookmark: _Toc8226088][bookmark: _Toc8299910][bookmark: _Toc8300729][bookmark: _Toc8740078][bookmark: _Toc8826546][bookmark: _Toc9434030][bookmark: _Toc19870237][bookmark: _Toc19870454][bookmark: _Toc20140494][bookmark: _Toc22045279][bookmark: _Toc22567116][bookmark: _Toc22567328][bookmark: _Toc8035943][bookmark: _Toc8036766][bookmark: _Toc8137679][bookmark: _Toc8138544][bookmark: _Toc8224375][bookmark: _Toc8225268][bookmark: _Toc8226089][bookmark: _Toc8299911][bookmark: _Toc8300730][bookmark: _Toc8740079][bookmark: _Toc8826547][bookmark: _Toc9434031][bookmark: _Toc19870238][bookmark: _Toc19870455][bookmark: _Toc20140495][bookmark: _Toc22045280][bookmark: _Toc22567117][bookmark: _Toc22567329][bookmark: _Toc8035944][bookmark: _Toc8036767][bookmark: _Toc8137680][bookmark: _Toc8138545][bookmark: _Toc8224376][bookmark: _Toc8225269][bookmark: _Toc8226090][bookmark: _Toc8299912][bookmark: _Toc8300731][bookmark: _Toc8740080][bookmark: _Toc8826548][bookmark: _Toc9434032][bookmark: _Toc19870239][bookmark: _Toc19870456][bookmark: _Toc20140496][bookmark: _Toc22045281][bookmark: _Toc22567118][bookmark: _Toc22567330][bookmark: _Toc8035945][bookmark: _Toc8036768][bookmark: _Toc8137681][bookmark: _Toc8138546][bookmark: _Toc8224377][bookmark: _Toc8225270][bookmark: _Toc8226091][bookmark: _Toc8299913][bookmark: _Toc8300732][bookmark: _Toc8740081][bookmark: _Toc8826549][bookmark: _Toc9434033][bookmark: _Toc19870240][bookmark: _Toc19870457][bookmark: _Toc20140497][bookmark: _Toc22045282][bookmark: _Toc22567119][bookmark: _Toc22567331][bookmark: _Toc8035946][bookmark: _Toc8036769][bookmark: _Toc8137682][bookmark: _Toc8138547][bookmark: _Toc8224378][bookmark: _Toc8225271][bookmark: _Toc8226092][bookmark: _Toc8299914][bookmark: _Toc8300733][bookmark: _Toc8740082][bookmark: _Toc8826550][bookmark: _Toc9434034][bookmark: _Toc19870241][bookmark: _Toc19870458][bookmark: _Toc20140498][bookmark: _Toc22045283][bookmark: _Toc22567120][bookmark: _Toc22567332][bookmark: _Toc8035947][bookmark: _Toc8036770][bookmark: _Toc8137683][bookmark: _Toc8138548][bookmark: _Toc8224379][bookmark: _Toc8225272][bookmark: _Toc8226093][bookmark: _Toc8299915][bookmark: _Toc8300734][bookmark: _Toc8740083][bookmark: _Toc8826551][bookmark: _Toc9434035][bookmark: _Toc19870242][bookmark: _Toc19870459][bookmark: _Toc20140499][bookmark: _Toc22045284][bookmark: _Toc22567121][bookmark: _Toc22567333][bookmark: _Toc8035948][bookmark: _Toc8036771][bookmark: _Toc8137684][bookmark: _Toc8138549][bookmark: _Toc8224380][bookmark: _Toc8225273][bookmark: _Toc8226094][bookmark: _Toc8299916][bookmark: _Toc8300735][bookmark: _Toc8740084][bookmark: _Toc8826552][bookmark: _Toc9434036][bookmark: _Toc19870243][bookmark: _Toc19870460][bookmark: _Toc20140500][bookmark: _Toc22045285][bookmark: _Toc22567122][bookmark: _Toc22567334][bookmark: _Toc8035949][bookmark: _Toc8036772][bookmark: _Toc8137685][bookmark: _Toc8138550][bookmark: _Toc8224381][bookmark: _Toc8225274][bookmark: _Toc8226095][bookmark: _Toc8299917][bookmark: _Toc8300736][bookmark: _Toc8740085][bookmark: _Toc8826553][bookmark: _Toc9434037][bookmark: _Toc19870244][bookmark: _Toc19870461][bookmark: _Toc20140501][bookmark: _Toc22045286][bookmark: _Toc22567123][bookmark: _Toc22567335][bookmark: _Toc8035950][bookmark: _Toc8036773][bookmark: _Toc8137686][bookmark: _Toc8138551][bookmark: _Toc8224382][bookmark: _Toc8225275][bookmark: _Toc8226096][bookmark: _Toc8299918][bookmark: _Toc8300737][bookmark: _Toc8740086][bookmark: _Toc8826554][bookmark: _Toc9434038][bookmark: _Toc19870245][bookmark: _Toc19870462][bookmark: _Toc20140502][bookmark: _Toc22045287][bookmark: _Toc22567124][bookmark: _Toc22567336][bookmark: _Toc8035951][bookmark: _Toc8036774][bookmark: _Toc8137687][bookmark: _Toc8138552][bookmark: _Toc8224383][bookmark: _Toc8225276][bookmark: _Toc8226097][bookmark: _Toc8299919][bookmark: _Toc8300738][bookmark: _Toc8740087][bookmark: _Toc8826555][bookmark: _Toc9434039][bookmark: _Toc19870246][bookmark: _Toc19870463][bookmark: _Toc20140503][bookmark: _Toc22045288][bookmark: _Toc22567125][bookmark: _Toc22567337][bookmark: _Toc8035952][bookmark: _Toc8036775][bookmark: _Toc8137688][bookmark: _Toc8138553][bookmark: _Toc8224384][bookmark: _Toc8225277][bookmark: _Toc8226098][bookmark: _Toc8299920][bookmark: _Toc8300739][bookmark: _Toc8740088][bookmark: _Toc8826556][bookmark: _Toc9434040][bookmark: _Toc19870247][bookmark: _Toc19870464][bookmark: _Toc20140504][bookmark: _Toc22045289][bookmark: _Toc22567126][bookmark: _Toc22567338][bookmark: _Toc87360924][bookmark: _Toc183612424]Detector Plan
This chapter will discuss all the design elements that are needed for a detection system, in order of the recommended process for designing a new traffic signal. Design of the detection system typically begins after the signal design.  
Detection is required for all vehicle phases to enable the use of automated traffic signal performance measures (ATSPM), regardless of any vehicle phases that are recalled. A separate detection plan sheet is no longer required for radar/video detection. It is still required if loops are approved for use (see Section 6.1.)
Show radar/video equipment on the signal plan sheet only (show the detector unit, detector conduit, and detector wiring.) See Figure 6‑1.
Radar/video detection zones and coverage areas are shown on the cabinet print only, at the signal timer’s request. The region signal timer will configure the zone set up. Provide the cabinet print at DAP for the signal timer to review and provide a preliminary configuration. See chapter 20 for more information on coordinating with the signal timer and the process for creating the cabinet print.


Figure 6‑1 | Signal Plan Sheet – Show and Detail All Radar Equipment
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Do NOT create a separate detector plan sheet. 

DO NOT show detection zones. zones.
Detail if SDLC is used 
Detail all detector units
Detail all conduit and detector wiring 
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ODOT’s default standard detection type is radar (includes bike detection). Video detection may also be used with concurrence from the region signal operations engineer (section 6.9 contains specific information for video detection that is in addition to or differs from the information contained in this chapter that is for radar.) ODOT has selected these non-invasive forms of detection as the standard for the following reasons:
· Ease of moving detection zones (future paving projects and temporary lane configurations can be accommodated).
· Cost effective for providing automatic traffic signal performance measures (ATSPM) which can require significantly more detection than traditional detection layouts.
· Ability to easily maintain detection zones (repairing damaged inductive loops requires a contractor. Historically, ODOT has not been successful repairing damaged loops in a reasonable timeframe due to limited maintenance funding). 
· Simplifies the controller cabinet hardware and improves troubleshooting ability (when using the standard SDLC connection). 
· Ability to accommodate dynamic entry speeds to the intersection for improved dilemma zone protection (e.g., red/green extension).
No form of detection is without drawbacks and non-invasive forms can have issues with occlusion, less accurate counting, weather, etc. While non-invasive forms of detection may not be the perfect solution in every case, the drawbacks are tolerated to achieve the higher-level benefits listed in the bullet points above. 
Non-invasive forms of detection are typically mounted on the mast arm, luminaire arm or vertical signal pole and should work well in the majority of locations. However, there are situations where additional detection devices or unique mounting locations may be necessary (e.g., stand-alone pedestals): 
· Roadway/intersection geometry that limits the line of sight for the detection device
· Low illumination levels
· Occlusion
· Existing conduit condition/fill rate will not allow adding new wiring  
Non-invasive detection devices used on the project must be listed on the approved traffic signal product lists (green sheets). Devices not listed on the green sheets require approval from the state traffic signal engineer. 
Other forms of detection, such as inductive loops and preformed inductive loops may be used only if an investigation finds that non-invasive detection is not feasible. For example:
· Retro-fit situations where conduit condition/fill rate limits installation of additional cables and installing stand-alone pedestals to mount the devices is not an option. 
· Controller cabinet space limitation and replacing the controller cabinet is not an option. 
This investigation should be done as early as possible in the design process, ideally before DAP. In these cases, the region traffic engineer should concur with the investigation to use loops and send justification to the state traffic signal engineer for approval via email. When a project impacts ANY existing loop detection, it should be replaced with non-invasive detection. 
Installing loops should be avoided.

[bookmark: _Toc87360926][bookmark: _Toc183612426]Inductive Loop Detection
Loop detection is no longer the ODOT standard as advances in controller cabinet hardware and software are making it less desirable from an efficiency, cost effectiveness and maintenance standpoint. Loop detection is also not compatible with an SDLC connection in the 332s controller cabinet and limits the ability to implement automatic traffic signal performance measures (which is a high priority for the agency).
If the state traffic signal engineer approves the use of loops on your project, information for how to detail and show loops on a detector plan sheet will be provided. See the 2017 version of this manual (available on the traffic signals website) and the standard details for more information on loop detection design/installation. 
[bookmark: _Toc87360927][bookmark: _Toc183612427]Multiple Detection Technologies at a Single Intersection 
The preference is to keep detection design, installation, and maintenance as standard and simple as possible. This is best achieved with one detection technology. Use of multiple detection technologies at a single intersection is discouraged as it can be challenging to configure the hardware in the controller cabinet, resulting in non-standard arrangements that are more difficult to maintain and troubleshoot. However, there may be times where it is acceptable to have multiple technologies (e.g., using a new technology for bike and pedestrian detection). The state traffic signal engineer will approve use of multiple detection technologies on a case-by-case basis.   
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Detection allows the signal controller to service signal phases and provide variable amounts of green time based on the demand. Detection needs are determined by the desired signal operation; therefore, it is important to have a basic understanding of the signal operation standards that dictate the standards for vehicle detection design. 
Each signalized intersection is the result of side street (typically city or county road) intersecting with a mainline (state highway). In the case where a state highway intersects with another state highway, one route must be designated the mainline and the other route will be the side street. This is usually easy to determine based on traffic volumes, posted speeds and the presence of stop/yield control at the intersection prior to signalization. There cannot be two mainlines or two side streets, there must be one of each designated for each intersection. This fundamental principle results in signal operations that will meet driver expectation; drivers do not expect to stop on a mainline roadway and do expect to stop on a side street. This designation is shown in the operational approval based on how the phases are labeled (phases 2 and 6 are mainline through phases and phases 4 and 8 are side street through phases). 
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Presence detection is used for each vehicle lane (except mainline right turn only lanes that do not have an overlap phase) and each bicycle lane. The length of the presence detection and its use varies slightly depending on the lane use and phasing (see Figure 6‑2 for the standard presence zone layout): 
· When used on side streets (phases 3, 4, 7, and 8) and mainline left turn phases (phases 1 and 5), it is placed at the stop bar, and covers a total of approximately 75 feet. It is designed to place a call into the signal controller when a vehicle approaches on a red indication and to extend the green time based on vehicle demand of queued vehicles proceeding on a green indication. Side street phases and left turn phases are not recalled like the mainline through phases, and therefore will not turn green unless there is vehicle demand. 
· When used for mainline through phases (phases 2 and 6), it is placed at the stop bar, covers approximately 20 feet and is designed to provide additional data needed for automated traffic signal performance measures.
· When used for a bicycle lane, it is placed at the stop bar, covers approximately 50 feet. It is designed to place a call into the signal controller when a bike approaches on a red indication (for bike lanes on the side street) and extend the green time based on the slower traveling speed of a cyclist approaching on a green indication (for bike lanes on the side street and mainline).
Count zones and yellow-red zones (data needed for automated traffic signal performance measures) as shown in Figure 6‑2 are also provided by the near range detector unit.
[bookmark: _Ref19716534]Figure 6‑2 | Detection Basics – Presence Detection For all Vehicle and Bike Lanes (Including Count and Yellow-Red Detection) Standard Layout
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Advance detection is used for the mainline through phases (phases 2 and 6) and interchange off-ramps. See Figure 6‑3 for the standard advance detection zone layout. It can detect vehicles approximately 900 feet away from the stop bar. Only 460 feet from stop bar is required to adequately detect vehicles up to 55 mph. However, detecting vehicles approximately 900 feet from the stop bar may be desirable for approaches with high speed or high truck volumes. Advance count zones as shown in Figure 6‑3 are also provided by the far range detector unit. See section 6.8 for more information.
Advanced detection is designed to extend green time and reduce the occurrence of the dilemma zone for a vehicle approaching the intersection. The dilemma zone occurs where a vehicle is too close to the intersection to comfortably stop when the yellow indication starts and also too far away to get completely through the intersection before the yellow indication terminates. Each vehicle actuation during the mainline green phase will extend the green time such that the vehicle may continue through the intersection without stopping. Radar detection provides great flexibility for detecting vehicles within the range/view of the device and is also capable of using algorithms to better protect the dilemma zone, even for vehicles that are accelerating or decelerating when approaching the traffic signal.
While advance detection can put a call into the controller when the vehicle approaches on a red indication, the call function is fulfilled primarily by presence detection instead. Additionally, the ODOT standard for signal timing is to recall the mainline through phases, which makes the call feature unnecessary for these phases (e.g., a vehicle actuation is not required to service the mainline through phases). When only the mainline phases are recalled, the signal will “rest” in green on the mainline when there are no vehicle actuations. 
[bookmark: _Ref335644763]Figure 6‑3 | Detection Basics – Advance Detection Standard Layout	 
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The following functions are used by the signal timer to make the traffic signal operate efficiently and collect data: 
· Extend/carryover/stretch – This function is only active during the green phase of the associated signal phase. It allows the green time to be extended based on the parameters within the signal timing. It also allows the input of a detector to remain “on” for a pre-defined amount of time after the actual vehicle actuation has turned off, effectively elongating the size of the detection zone.
· Call – This function is only active during the red phase of the associated signal phase. It allows the signal controller to service the associated signal phase within the parameters of the normal phase rotation; signal phases other than the mainline through phase are only serviced if there is demand.
· Delay – This function is only active during the red phase of the associated signal phase. It allows the input of a detector to remain “off” for a pre-defined amount of time during the actual vehicle actuation, reducing the chance of unnecessarily serving a phase from unintended actuations (e.g., vehicles turning right on red.) 
· Count – This function simply counts the number of actuations. The ability to count actuations provides critical volume data to the signal timer developing the appropriate signal timing parameters throughout the life of the traffic signal. Count detection is also needed for certain automatic traffic signal performance measures. 
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Depending on the location, desired signal operation and other unique circumstances at the intersection, you many need to consider additional detection beyond the basics.
0. [bookmark: _Toc87360933][bookmark: _Toc183612433]Interchange Ramps
For interchange ramps, use presence detection as shown for a side street phase (see section 6.2.1) plus advance detection. Advance detection helps address the higher prevailing speed of a vehicle that has just exited the freeway (see section 6.2.2). 
In addition to standard presence and advance detection, “dump” detection may also be desired. Dump detection may be necessary for an interchange ramp to prevent ramp queues from backing up onto the freeway by allowing the signal controller to give priority and extended green time to the ramp phase if the queue reaches a certain point for a certain period of time. Dump detection may be used if engineering judgment determines a need. Verify dump detection needs with the region signal operations engineer. 
It is always preferable to have the ramp alignment be designed to accommodate the calculated design life 95 percentile queue length, which would eliminate the need for dump detection. However, this is not always feasible. An operational analysis is always required to determine if dump detection is needed and to determine the optimal placement of the detection. This will likely require a stand-alone near-range detector unit mounted on a pedestal within 20 feet of the where the detection zones are needed. 
[bookmark: _Toc87360934][bookmark: _Toc183612434]Temporary Bridge Signals (One-Lane, Two-Direction)
Temporary bridge signals are used to allow travel in both directions in one lane. Presence detection is used as shown in Figure 6‑4Figure 6‑4. 
[bookmark: _Ref19802941]Figure 6‑4 | Temporary Bridge Signal Presence Detection 
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Bicycle detection should be installed where bike lanes are present. See section 6.2.1. If no bike lanes are present, but there is a high volume of bike riders, bike detection may be used on the shoulder or other locations if engineering judgment determines a need.  
Bicycle detection should also be used in bike boxes when the signal phases are not recalled.
Note that properly detecting bicycles is challenging for most forms of detection due to bike material composition (problematic for loops), detecting the difference between vehicles and bikes (problematic for radar), and paths that cyclists choose to take (problematic for all forms of detection). 
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Adaptive signal timing detection works much differently than the standard detection discussed in section 6.2. Typically, more detection is needed for adaptive to work properly, as the adaptive software collects more data to use in determining how to operate the signal. When designing a detection system that will be using adaptive signal timing, it is important to follow the software manufacturer’s recommendations for detection placement.  
In addition to the standard advance detection shown in Figure 6‑3, count detection placed beyond the anticipated queue (in free-flow traffic) as shown in Figure 6-5 may be recommended for optimal performance when using MaxAdapt adaptive signal timing. Work with region traffic to determine the site-specific detection needs.  
[bookmark: _Ref19867181]Figure 6‑5 | MaxAdapt Advance Count Zone Layout for Radar Detection
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Description automatically generated]Region traffic engineer approval is required for use of adaptive signal timing.
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Depending on the location of the railroad crossing, the intended signal operation and rail crossing order requirements, additional vehicle detection zones may be necessary for proper detection. See chapter 16 for more information on railroad related signal design.
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ODOT has committed to implementing ATSPMs as part of FHWA’s Everyday Counts 4 Initiative. Certain detection zones are included solely for ATSPM data collection which can be used to track performance measures at signalized intersections and assess impacts of timing and operation decisions in real time. The presence detection and advance detection standard shown in Figure 6‑2 and Figure 6‑3 will be able to capture the following ATSPM (See ODOT Traffic Signal Management Plan for more information):
· Red light running (safety)
· Split failure (safety and operations)
· Purdue coordination (operations)
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Standard detection zone layout is shown in Figure 6‑2 and Figure 6‑3. These zones should be used as an initial starting point when deciding where to mount the detector units, but keep in mind that site specifics may require the signal timer to make some adjustments to the zones, device mounting location, or signal timing parameters in order to operate the signal as intended. Examples of these adjustments are detailed in the following subsections. Discuss any site-specific considerations with the region signal timing staff to ensure the concern can be properly addressed. Keep in mind that the frequency of the concern occurring may be low enough to not warrant any signal timing or detection modifications. 
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If a crosswalk is present, the near side of the crosswalk bar functions as the stop line for vehicles. Separate advance stop bars prior to a crosswalk are only used when the geometry of the intersection cannot accommodate the design vehicle’s turning path without them. Advance stop bars also require region traffic engineer approval. However, advance stop bars should not be used in lieu of proper geometric design; the roadway should be designed to accommodate the design vehicle without use of advance stop bars whenever feasible. If an advance stop bar is used, detection is not typically needed between the advance stop bar and the crosswalk marking, but it can be used if engineering judgement determines a need. 
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[bookmark: _Toc183612441]Bridge Decks
There are only two types of detection that can be used on a bridge deck:
· Non-invasive is the default standard. This type of detection is the only viable solution for existing bridge decks.
· Preformed loops, which are installed on top of the bridge rebar prior to the deck pour. This type of detection should be avoided if possible. If used, the signal designer will need to coordinate with the bridge designer. See standard detail DET 4435.
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An intersection with wide radii (typically rural locations that do not have a bike lane), may need a larger detection coverage area to properly accommodate vehicles and bikes. For non-invasive detection, this is very easy to implement if the device is mounted and aimed to cover the radius. 
Figure 6‑6 | Detection Placement Considerations: Wide Radius 
[image: ]Additional/larger detection area may be necessary to properly detect vehicles at intersections with wide radii
Typical presence detection for a lane
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Vehicles accessing driveways, streets or alleys near signal detection may result in unintentional actuations that adversely affect the efficiency of the signal operation. This can lead to motorist frustration, longer queue lengths and more traffic congestion. One of the best solutions to improve signal operations and overall safety is to remove or restrict certain movements of any access that is within the influence area of the signalized intersection. Coordinate with the appropriate region traffic and access management staff to discuss the possibility of removal or restriction of movements. If this is not feasible, adjustment of the detection zones may be necessary. For example in Figure 6‑7, shortening the mainline advance detection zone to avoid the travel path of vehicles turning right into the access could avoid unintended actuations that will unnecessarily extend the green time on the mainline. Note: Unintentional actuations are less of a problem for non-invasive forms detection as the detection zones can be configured for a specific direction of traffic (e.g., they will not activate if a vehicle drives over the zone the wrong way). 
Loop detection cannot distinguish direction of travel and therefore has more potential for unintentional actuations.

[bookmark: _Ref8739554]Figure 6‑7 | Detection Placement Considerations: Right Turns Impacting Mainline Detection 
[image: ]A vehicle turning right into the access will actuate the detection zone on the mainline if it is not adjusted. 

Signal timer may reduce the detection zone to avoid detection of the right turning vehicles if this access has a high volume of right turning vehicles.
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[bookmark: _Toc87360944][bookmark: _Toc183612444]Short Minor Street/Driveway Signalized Approaches 
The standard placement for presence detection covers approximately 75 feet. However, if the minor phase approach is short in distance (e.g., to a driveway) or the pavement doesn’t extend very far past the radius, the signal timer may shorten the actual detection zone to a reasonable distance based on site conditions. See Figure 6‑8. If the signalized driveway approach is for a private residence (e.g., the general public will not use it), pushbutton detection should be used as it is more predictable, reliable, and cost effective. See Figure 6‑9 for example. 
[bookmark: _Ref375655473]Figure 6‑8 | Detection Placement Considerations: Short Minor Street/Driveway Signalized Approaches
[image: ][image: ]Standard length presence detection on a short approach won’t work well. 

Signal timer may reduce the detection zone to a reasonable dimension.







[bookmark: _Ref7073298][bookmark: _Ref341095920]
Figure 6‑9 | Detection Placement Considerations: Private Driveway Signalized Approaches
[image: ]Use pushbutton detection for signalized private driveways.




[bookmark: _Toc87360945][bookmark: _Toc183612445]Conduit and Junction Box System
Detection equipment wiring should be placed in a conduit exclusively used for detection. The conduit system for detection equipment is separate from the signal conduit system, but it follows the same route (in the same trench) and size requirements as the signal system conduit to each pole where detector units are mounted. The junction boxes placed in each quadrant for signal system conduits should be used for the detection system conduit. See Figure 6‑10 and chapter 5 for additional information on conduit and junction boxes. 
If detector units are mounted at locations other than the signal poles, extend conduit and place a JB/2 size junction box next to the pole/pedestal it is mounted on. See Figure 6‑10. 
In retro-fit situations, the radar/video detection wiring may be contained within the same conduit as the signal system if the maximum wire fill rate (See chapter 5) is not exceeded. 
[bookmark: _Ref8733908]Figure 6‑10 | Radar/Video Detection Conduit and Junction Box System
[image: ]
[bookmark: _Toc87360946][bookmark: _Toc183612446]Synchronous Data Link Control (SDLC) – Bypassing the Detection Input File
SDLC is a serial communications standard for transmitting data and is the new standard for wiring radar and video hardware in the controller cabinet. It is used to pass information directly between the controller and radar/video interface devices. An SDLC cable plugs into the controller and into the radar/video interface device. This communication bypasses the input file and the C1 and C11S controller connectors. See Figure 6‑11.  SLDC cannot be used with the 2070 and Voyage as the software is unfinished for SDLC communication. 
SDLC cannot be used for loop detection.  
Existing controller cabinets should update the controller cabinet equipment (An ATC controller and radar/video interface devices) to accommodate the SDLC connection if possible.

[bookmark: _Ref19863660]Figure 6‑11 | Signal Controller Cabinet Detection with SDLC 
[image: \\scdata\Signal Specs\Photo's\TVhwy_ADA_SDLC_June2019\DSCN0751.JPG][image: \\scdata\Signal Specs\Photo's\TVhwy_ADA_SDLC_June2019\DSCN0754.JPG] Radar interface device 

SDLC cable connected to radar interface device 

Back side of controller: SDLC cable connected 

Front side of controller




[bookmark: _Toc87360947][bookmark: _Toc183612447]Detection Input File
The signal timer is responsible for configuring the detection input file (see Figure 6‑12Figure 6‑12) and this information is now only shown in the cabinet prints. Detector input files and information associated with input file terminations are no longer shown on the contract plan sheets. See chapter 20 for more information about coordinating with the signal timer and creating the cabinet print.
[bookmark: _Ref335142013]Figure 6‑12 | 332 Signal Controller Cabinet Detection Input File Location 
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[bookmark: _Ref57207356][bookmark: _Ref57207366][bookmark: _Ref57207376][bookmark: _Toc87360948][bookmark: _Toc183612448]Radar Detector Unit Placement and Labeling
The type of radar unit and the detection zone area will determine the best mounting location for the unit. A field visit is highly recommended to confirm that the intended placement of the detector unit will not have any obstacles in the way that may cause dead spots in the detection zones (e.g., vegetation, trees, other signal heads, etc.). The region signal timer’s review and concurrence of the detector unit placement is critical for proper set up of the desired detection zones. This should be done at the DAP stage in the project via the cabinet print process described in chapter 20, sections 20.2 and 20.3.   SLDC cannot be used with the 2070 and Voyage as the software is unfinished for SDLC communication. 
SDLC cannot be used for loop detection.  
Existing controller cabinets should update the controller cabinet equipment (An ATC controller and radar/video interface devices) to accommodate the SDLC connection if possible.



A few general rules of thumb for the three different types of radar units:
· Near-range radar units
Near-range radar units are typically used for presence detection, it has an arc shaped detection area that extends 140’ from the device. This can provide detection inputs for multiple phases and can separate detection inputs for adjacent lanes/phases. Make sure that this arc shaped detection covers the basic zones of detection shown in Figure 6‑2. 
Near-range radar units are recommended for counting at low speeds (less than 35 mph); it is not as accurate at higher speeds, but still performs adequately with an accuracy around 95%. The backside of the mast arm with at least a 14-foot offset from the nearest detection zone is the recommended location, but other locations may be acceptable as per the manufacturer. See Figure 6‑13.  
For large intersections with high traffic volumes, bike lanes or other vehicle lanes may be occluded by large vehicles in adjacent lanes. Detection is critical on the side street, left turn phases, or when a bike phase is provided (e.g., any phase that does not operate as a recalled phase needs detection to bring up a green indication). In these cases, consider an additional near-range unit to provide adequate detection of all lanes. Verify detection needs with the signal timer.
[bookmark: _Ref7442106]Figure 6‑13 | Near Range Unit Coverage Area
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· Far-range radar units 
Far-range radar units are typically only used for the mainline, recalled through phase. It has a long, somewhat narrow shaped detection area that extends out to 900 feet. Each unit can only be used for a single phase and it cannot provide separate detection inputs for adjacent lanes (e.g., one big zone configuration will cover all lanes for phase 2). The detector units track vehicle speed and can calculate an estimated time of arrival to reduce the occurrence of vehicles in the dilemma zone. The units can also be set up to include advanced count zones in pulse mode at between 350 feet and 600 feet to collect arrival-on-green data. The advanced count zone should be placed as far back as possible to avoid queues degrading the data quality. The far side mast arm is the preferred mounting location for these units because the sensor cannot detect vehicles in the first 100 feet. The unit may also be mounted in several different locations, as per the manufacturer. See Figure 6‑14.
[bookmark: _Ref7442558]Figure 6‑14 | Far Range Unit Coverage Area
[image: ]


· Side-fire radar units
Side-fir radar units are typically only used for ramp meter mainline count detection (see chapter 13 for more info). They should not be used for signalized intersections as the near-side and far-side units adequately address the detection needs. Also, these units require additional equipment in the traffic signal controller cabinet that doesn’t integrate well. As such, they shall only be used if approved by the state traffic signal engineer. The unit is aimed perpendicular to traffic with the detection zone spanning the entire approach. This device is accurate at counting all vehicles, even at high speeds. This unit should be mounted according to the manufacturer’s recommendations for the offset/height requirements. 
The radar units should be placed and labeled by phase as shown in Figure 6‑15. If the standard placement of radar devices on the mast arm pole/mast arm is not feasible (e.g., retro-fit with conduit fill issues, will not provide the desired detection zone coverage, or there are concerns about occultation), detector units should be installed on stand-alone pedestals. Supplemental detector units, in addition to the detector units on the mast arm pole/mast arm, may also be considered to get the proper detection zone coverage. Work with the region signal timer during the DAP review of the detector zones on the cabinet print (see chapter 20) to determine the proper placement and number of detector units needed. 
[bookmark: _Ref8743610]Figure 6‑15 | Standard Radar Labeling & Typical Placement
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On the side street, one camera is typically used per approach (usually only presence detection is needed on the side street). 
Cameras should be mounted on as stable a fixture as possible. Cameras should be able to view 450 feet if mounted at 45 feet. Typical mounting is on a luminaire arm or mast arm. Accurate vehicle detection is optimized by placing the camera directly over the lane(s) it will be monitoring. Otherwise, occlusion may cause false or missed calls. Each detection zone (see sections 6.2 and 6.3 for standard detection zone layout) should be adequately illuminated for detection at night. 
The cameras should be placed and labeled by phase as shown in Figure 6‑16.The region signal timer’s review and concurrence of the detector unit placement is critical for proper set up of the desired detection zones. This should be done at the DAP stage in the project via the cabinet print process described in chapter 20, sections 20.2 and 20.3.   SLDC cannot be used with the 2070 and Voyage as the software is unfinished for SDLC communication. 
SDLC cannot be used for loop detection.  
Existing controller cabinets should update the controller cabinet equipment (An ATC controller and radar/video interface devices) to accommodate the SDLC connection if possible.
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