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ABSTRACT

This research suggested the traffic signal calculation model of active transit signal priority using a shockwave model. Using this signal
priority timing optimization model, the shockwave area is computed under the condition of Early Green and Green Extension among
active transit signal priority techniques. This study suggested the speed estimation method of backward shockwave using average travel
time and intersection passing time. A shockwave area change is calculated according to signal timing change of transit signal priority.
Moreover, this signal timing calculation model could determine the optimal signal priority timings to minimize intersection delay of
general vehicles. A micro simulation analysis using VISSIM and its user application model ComInterface was applied. This study
checked that this model could calculate the signal timings to minimize intersection delay considering saturation condition of traffic
flow. In case studies using an isolated intersection, this study checked that this model could improve general vehicle delay of more over
ten percentage as compared with equality reduction strategy of non-priority phases. Recently, transit priority facilities are spreading
such as tram, BRT and median bus lane in Korea. This research has an important significance in that the proposed priority model is
a new methodology that improve operation efficiency of signal intersection.
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Frgox Hx= A8H7] Ao, nl=e 2l o)A
1970 It 3E] -85t Evans and Skiles, 1970; Khasnabis et
al., 1993). ojuj= $-M1xz] o] wAtsE FIolnt FFsh=
Preemption®] E7} F7FS o H(Wilbur, 1976; Wattleworth
et al., 1977), Signal priority2} Zro] Jukxlekse] AN EHIE
sk AP AARE 2lsA oo} 44 E Aotslala) gl
990 S50 FRHE °]FaL Qlth ¢olE -+ Priority 2
Qlsl) STk dRiaiEe] AAE AARE AlsAlol= Has) A7)
=) 240] gl Fujol|x= DSRC(Dedicated Short Range
Communication)9} 22 FX54171&S o]-831= Signal priority
ek 7o) o]sinl Qlom|(Kim, 2006), 22 d2& A ke
HAZE(UTIS)S] FX54IAAIS o185+ #]2~2] Signal priority
Z 93k A|=dlo] AA1En} dtkHong et al., 2012).

el A= Signal preemption 2 Priority2] Z}-8-0] EHs]x]
oot AAIE R FAE AL 9lom, & ATolAl= Table 13} o]
Preemption $-t)415, PriorityS XA R 328012 AY
so] ALgSHEE

LSS AR, 4E 2, A% 518, 9AS
719 5o ZeAM2E P EH(Jeong, 2011), tiEulso] Al
AR FHame] AAE B, e AR 5 A7
L1z AsaRlo] A8} o $341E 7o R AAE 2]
o] ARFsl= Early greendt @A|E ¢I738l= Green extension,
SA]E AH9JE= Phase Insertiono] AAIZ o2 74 A &
T2 ¢Jti(Skabardonis, 2000; Smith et al., 2005; Gardner et
al., 2009; Jeong, 2011).
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Table 1. Definition of Transit Signal Priority Terms
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Technique Definition (Source: US TSP Handbook) Korean Term
Signal Preemption is a special signal control mode for purposes of servicing railroad crossings, emergency vehicle passage,| s
Preemption and other special tasks. It requires terminating normal traffic control to provide service needs B
. . Priority is a preferential treatment of one vehicle class (such as a transit vehicle) over another vehicle class at a ° _
Signal Priority LA

signalized intersection without causing traffic signal controllers to drop from coordinated operations.

Active Signal |Active priority strategies provide priority treatment to a specific transit vehicle following detection and subsequent| 552

Priority

priority request activation. LA

Passive Signal |Passive priority does not require the hardware and software investment of active priority treatments. Passive priority
operates continuously, regardless, based on knowledge of transit route and ridership patterns.

Priority
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and Ghanim, 2007; Gardner et al., 2009).
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Fig. 1. Early Green and Green Extension Strategies(Source: Kim, 2004; Jeong, 2011)
Table 2. Application and Research Examples of Priority Phase
City & Researcher Priority Techniques Priority Phase
Los Angeles (Levinson, 2003) Green Extension 10 sec
Melbourne (Currie, 2008) Early Green/Green Extension Max 20% of Cycle Length
Tronoto (Currie, 2008) Early Green/Green Extension 16~30 sec
Sacramento (Rephlo, 2006) Early Green/Green Extension 10 sec
Chada (2002) Early Green/Green Extension 10 sec
Garrow (1998) Early Green/Green Extension 10~20 sec
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Fig. 4. Shock Wave Area According to Signal Priority
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t; <mazt;i=1,...n (11)

g, —t; =ming;i=1,...,n (12)
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Table 3. Signal Timing for Case Study

. o Phase No.
Signal Timing | 5 B 4
Split 25 sec 25 sec 25 sec 25 sec
Minimum Green 10 sec 10 sec 10 sec 10 sec
Variable Green 12 sec 12 sec 12 sec 12 sec
Amber 3 sec 3 sec 3 sec 3 sec
Table 4. Traffic Flow Condition for Case Study
Scenario Phase No.
1 2 3 4
S1 X=0.5 X=0.5 X=0.5 X=0.5
S2 X=0.7 X=0.7 X=0.4 X=0.4
S3 X=0.4 X=0.4 X=0.7 X=0.7

eIt ofuf Me] AFFFALS siEo R AR 1201E et
9ok 4415 7L Early green} Green extensiong 2-85}<]
w2 2] AL 1A sfdehe ddArE 27141 B o]
olFE & JEF At ojuf AT ZRAIRY] S
VISSIM#} Visual Basicg 7[¥ko 2 VISSIMe] APl 3]sl
ComlInterfaceE 2-83}3ch

B ool RIS St W] Al o) WAk A
1 B3E Feleb] Sl 24 TRk S-S viEg, S-S
2 glal mAEAe] B AR FE AT B, B
Aol ANISRE 49 v Has) e g TRsle] B
ek o7l $2dils T 28 AR ARIEE S1E) vl
Aol AgEe SAARE g ¢, 5 A v AN ] Tsst
Al HiREshs Aolui(t, =ty =t,), oleFE Eke T e dE

Downstream
Auto Bus
D i D -
Exit 150m

- REPGHRE RSB ZUES " P AN LE I W

Fig. 5. Simulation Condition for Case Study
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Table 5. Delay Analysis Results

S1 S2 S3
Scenario Vehicle delay (sec/veh) | Person delay| Vehicle delay (sec/veh) | Person delay|  Vehicle delay (sec/veh) | Person delay
Auto Bus Average | (sec/per) Auto Bus Average (sec/per) Auto Bus Average (sec/per)
ALT1 34.8 17.9 34.7 334 40.5 18.5 40.4 39.2 37.8 17.9 37.7 36.6
ALT2 53.4 42 53.0 493 61.2 4.1 60.9 57.8 64.1 42 63.7 60.6
ALT3 52.7 4.0 523 48.7 53.1 42 52.8 50.2 53.8 4.1 53.5 50.9
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Zpol7h e 78 SAuk WE Hasth A=k A8 A 10% oV
791 AA| 7Koo 7hsths BRIskIrE £ 489S 53l
A WA Has) dgks o]8dte] AlAlse] A8 IgelA
2] ZH] Hislels FRS vIRRA] ot 58t AA Haske
Fgs] fsk $Aals o] s I

B oo giEars $XREdA B3ARte] =5o] 7he
SRS 270 2 slo] AR XA sl 93 $AAs
LS AT 94405 71 5 Early green®} Green
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extension®] 2-g-5= Folx] FAe] T7F = el whE
SAuke] WA wslgs s $13 BEs AT
Fdrlse] Ao AT STV AIEAY] F
Az} 12wt 54057 FHasshs vl e-ddrle] S0
2] S7FES Tkste] A ol sl A WRe Haslehs
ARE APPEEE AAJSII B3 40 W Hasle SRt
AArlze] AsARE 2AEel sl SHuAtEE o=
VISSIMS- 0|88+ AlEd|o] 4 AbeltAts Algatolct 73t
ke b 23S A5 283 Aok v AAolE G
s oA A FHasslel] ofjt gAdale) AeARE
Hgor &k o F/H AA A IS RISt
w2o] 2hfzido] shle] =eeh Ale] dElela Sl
822, BRT, EYl T tigals %3] il glom,
o5 AMde] AlsuAlR $HEES TN S8l disarE ¢
AE7h e ol & Aytelxe] vt WA Haslke 913k
FAAE T ZRAE s B84 s S Aed
T Jlom, S8 AA T7He Heshs 87 e 28]
7Fs Zloftk - ArARke 2 9s ek AARE AlsA]o]
Alzgle] FgE aefd vt glon, $ilse] aad Alal
WetollA B Ao FRARE ZPke] 9AIAlE AsARE A
ZZ2AE COSMOS} 22 HARE AlsAlwlel 48317 9Jgh
S77F ek w9 s ] AlsARke Argels el
=2 PUHHCM) 22 ofet A s} Wi este] 3714
2l HlaE Faste] Hh Wdek mye] Aeidse] Hasith

& vl go.
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