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Car-Following and Dynamic Dilemma Zone Model
for Determining Gate Operation Times Based on
Driver Behavior at Highway-Rail Intersections

Ph.D Thesis
Young-Jun Moon

Outline

]

[1m Introduction
u Coleman & Moon Methodology for Designing Four Quad-
Gate (QG) Operation Times
B Driver Behavior at Highway-Rail Intersections
B Development of New Methodology
- Dynamic Dilemma Zone (DDZ) and Car-Following (CF)
- Data Collection and Reduction
~ Field Data Analysis for Vehicular Speed Profiles

| [

Problem Statement

B Assumptions on Static Dilemma Zone
- Single Vehicle
- Constant Speed Approach
= Questions?
- Platoon Approach
- Speed Variation
- Gate Operation Parameters

Advisor: Fred Coleman, 111 - Si & Validation for DDZ
CE/UIUC, 1997 - Optimal Gate Operation Times
’ ® Conclusions and Recommendations
L
My 1 My 2
— —
1| Introduction Introduction
LI -
[|® Four Quadrant Gate (QG) [|m Determining Gate Operation Times
at Highway-Rail e - Coleman & Moon (TRR 1553, 1997)
Intersections (HRI) v B - Gate Delay, T, using Dilemma Zone Concept
- Gates , EM':H Zome® mFrom Research on Traffic Signal Intersections
. E““’VGS“‘ il o Q m Single Vehicle and Constant Speed Approach
Exit Gate .
Z: :S ExkGete 0 v e - Gate Interval Time, 7,
~ Zon . . ..
m Approach Zone €—— otopping Distance or [ ] Usnng Predetermined Consttant Minimum Speed
. . - Higher Range of Interval Time (14 - 22 sec)
u Stopping Distance or Non- RN . s .
Recovery Zone E— “Approach Zone* - Possibility of Crossing Violation during T,
J @ Track or Hazard Zone J
Myd 3 MyJ 4
’— -

Problem Statement

i

u Factors affecting Gate Operation Times

- Driver Behavior:
® Stopping, Clearance, and Continuation Distance
& Approach Speed, Perception-Reaction Time (PRT),

Accel/Decel Rates

- Geometry:
® Width: No. of Railroad Tracks, App. Highway Lanes
# Distance between Stop Bar and Gate

j - Others:
B Warning Devices, Roughness, Obstacles, etc.

My 6
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Objectives
|

[|m Dynamic Dilemma Zone (DDZ) Model

Design of QG Operation Times

1m Gate Operation Times

:

m Application to
Highway-Highway

8

®Existence - Gate Delay
& By Car-Following Logic at HRI W Interval between initiation of flashing light and the entry gate
. arm descent

® QG Operating Parameters ® 3 seconds (MUTCD), 3 - 5 seconds (IDOT)

B Minimize the risk of trapping a vehicle between the - Gate Interval Time

. entry and exit gates ' M Interval between initiation of the entry and exit gates descent
m Driver Behavior at HR1 B 1 -3 secmin. (LRT), 3 - 5 sec (NYSDOT)

B Speed Profiles, Accel/Decel Rates, and Headway

- Using Data Collection and Analysis - Coleman & Moon (7RR 1553, 1997)
J - Input for a simulation model to DDZ _J ® Design Approach by Dilemma Zone Concept
My 7 My s
— —

Dilemma Zone Concept Dilemma Zones at HRI

[Jm Similarity to HHI

My 1

& Drivers Use Visual
Intersections (HHI) ~ [Fs=l) o, Feses B Signal -
m The Dilemma: ! - Flashing Lights
~ The drivers’ decision L] - Gates
to proceed through % Quad Gates
the intersection or to # Dual Gates
stop when the signal [ & Decision Making
changes from green
to yellow - To stop or to proceed ®x,>x X, <X,
J ~ Dilemma Zone
My 9 MyJ 10
[ ... . [] . :
Distance Variables Safe Decision Location
r — o e, — .
1 B Stopping Distance (X;) B X; = X.: Safe Decision Location
2 el 8 Both dilemma and option zones are eliminated
—_—y Entry Gabs. xR Gate - 3 . . .
X: = AT .v4 +D — 8 A point or distance is obtained which assures the
— likelihood of drivers stopping or clearing the
a Continuation Distance (X,) Y ooy e intersection
i S %X, > X > X;: Dilemma Zone
. BX; < X < X.: Option Zone
m Clearance Distance (X,;,) mail o =P
m This gives:
oo = T T BB e
i =smamma’ sm:”. T U 5 ={AT+ ] V" +—D1+{T[W:~ --L\]{.

MyJ
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QG Operation Times

W & Gate Operation Time: T
- Gate Delay, T,,
- Gate Interval Time, T,

I;=T,+7T,

v D
T, =3 AT + ————+—},
e { +2(d+G~,g)+v}

{1 ={2 7. 1)

v

MyJ 13

E’ Findings for Six Intersections

n W Gate Delay
Approach Gate Delay

Strest of the Intersection, City 5] (mj 2t AT(PRT) = 1
U.S. Route 136, McLean 72(45) .

N. Grand Ave., Springfield 5635 X
Hawthom St., Hartford 64 (40) .| X
Main St., Gardner 56 (35 5 .2

Main St; Pontidc. 40 (25 5
Trunk Route 35A, Chenoe 40 (25 .| X
® Gate Interval Time

Min. Spd in Track Cate Interval
Strect of the Intersection, City | Zone, | Auto for Truck
U.S. Route ng McLean 8.9 15.

[N. Grand Ave., Springfield K 20
Hawthorn St, Hartford
Main St Gardner

Main St., Pontise
[.Iruak Route 354, Chenoa ©) 70 133

Gate delay
at AT(PRT) = 2.5

SlelaEIG)
14

21

3| Driver Behavior at HRI

—

= Probability of Crossing
- Mecker and Barr (1989), Meeker et al. (1997)
- Asafunction of train location, train speed, time available until
train arrival
- A significant percentage of drivers made a decision to cross the
intersection during activation of the flashing lights
u Head Movements
- Sanders (1976), Aberg (1988), Tenkink and Horst (1988)
- Performed Action: Head Movements, Lowering Windows,
Reducing Speed
- Fewer head movements at higher speed of vehicles

[ 15

Driver Behavior at HRI

rym Speed Reduction
- Shinar and Raz (1982)

& Observations: 200 and 80 meters from the track (no trains)

® Most drivers reduced speed under 5 different protection conditions
- Meeker et al. (1997)

B 60 drivers under two different protection conditions

@ Driver behavior at train’s approaching

Flashing Lighis Only Gates and Flasving Lights
39 of 38 (67%) _ 23 of 60 (38%
| isof30Ges) | 4 of 23 (17%]
[ 200f3901%) | Tof23
S 039 (13%) _ 13 of 23 (52%4)
y: Drivers reduced their approach speed most at intersections

regardless of trains approaching

Myt

18

Speed Reduction as a Key Factor

rn ® Intergreen Interval at HHI
® Chang et al. (1985), Horst and Wilmink (1986)
m The duration of yellow is dependent on vehicle speed
& Shortcomings: constant speed of single vehicle
m Gate Operation Times at HRI
m Coleman and Moon (1997)
m Different assumption on speed profile at HHI
& Constant speed approach for gate delay
& Critical min. speed at track zone for gate interval
m Speed Reduction as a Key Variable to Represent
_ Driver Behavior at HRI

Myd 17

4

New Methodology

(] m Dynamic Method for Defining Variables

M Speed Variation

B Vehicle Location _ !

= {I

# Stopping Dist.

X1y = AT . vty + ( ) + D)

2

& Clearance Dist{™ ~200 O 307 1P+ ()
T

= e -hrvn)

m Continuation Dist. "

T
vl"l“’HWﬂlL

Xefth=

My
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Remaining Distance Remaining Dist. Vs. Vehicle Location
h L i 1
B Remaining Distance = —o E 10 te1 =2 =3 =4 s
Safe Stopping Dist. - " e S = [~ w]v=20mdv-20a]v=-20mqv=-20mq}
Vehicle Location = — P — Z E I —
X, ()= %,0)-+() Gl § XOFI00 X1F80 XG0 XeGr40 X970 XS0
61 *—sm B
B x(0) =0, x(Tp) = X,(0) 20 T X34 =0 1=1 =2 =3 1=4 =5 1=6 1=7)
. B X0 [v=20m 18 s | 16ms | 14 isfi2 awsficmidiom] !
B X(0)=X(0), X(Tp) =0 mx:;:umx:’mwm MO X120 x(2)38 x(3)=54x“)=6§t(5)=83(6):(?;=lfo .
I t } bttt
| Xr(0)=100 Xr(1)=80 Xr(2)=62Xl(3)=46x’(‘)=3(2r(5)'2)g(6))51l(g)4
MyJ 19 My 20

Dynamic Dilemma Zone (DDZ) DDZ for Constant Speed
m DDZ = Remaining Dist. - Continuation Dist. m Constant Speed over time ¢’
WDDZ=X[t")-X (), fort'=0, 1, .., Tp wvt) =v, a(t)=0,fort'=0,1, ..., Tp
= Eliminating Dynamic Dilemma Zone at any ¢ m DDZ for Const Spd X (t)=v-(T, 1) 1'=0,1,-, Tn-l
WAt (' = 0, Remaining Dist. = Safe Stopping Dist. X,()=X,00)-x{)
- Optimal Gate Operation Times ] =X,~((v) =0,1-Tp.
& Min. DDZ for Constant Speed Approach = Optimal Gate Delay (= Coleman&Moon Method)
| Min. DDZ for Speed Reduction r -1y =1_{ AT-v+ v + l)}
D s
Max T,=T,+7, oY 2‘(‘”0'3)
v
st X.()=X()<X, r=01..,T, Y T
My 21 MyJ 2

DDZ for Constant Speed DDZ for Constant Speed
[ . . N To=6sec Tom 5w Tom7 %ec
®m Optimal Gate Interval Time — Berdon . (410)
T
uXy =Tgv=(Tp+T)v PRT Y :.lsn-:’ :.lsm-/:x :.lsn:'z
Typical Decel., d 3.0ms 3.0 s y
WXy =X+ (We, + L) Siopp. Ditenee £, 126 mter 138 met 126 et
Track Widh 2 meter 2 meter 42 meter
Wthus, (T + T) v=X +(Wg, + L) Dysamic Dilerna Zone DDz= %%, DDZ~ X - X, DDZ= X~ X
N . 7'=0 soc. 0=126-126 21=126-105 <21 = 126 - 147
8 This gives e lsec 0= 105 - 105 20 =105 - 34 2 = 105126
=2 0484 2=84-63 25= 84105
1 =3 sec. 0=63-63 21=63-42 -21 =63 -84
=4 soc. O=d2-42 21=42-71 <21 = 42-63
Tl =—-(W,"+L) bty 0-21-21 20=21-0 212142
v & ru6sae 0=0-0 21=0-21
Miximized Dynsmic Dyaamic Dysamic
i Dilemma Zone Dilesumia Zoue Option Zows
- Identical to Coleman&Moon Method e s ™ . T vebicke mey b e
I 2.0 scouds the eniry gave 2.0 seconds
My 2 My 2
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DDZ for Constant Speed J DDZ for Speed Reduction
L — ]
n = | . .
= — = P | m Speed Reduction over time ¢’
“]""‘"“ ] wv{(0) = v, a(t) = a (constant decel.), ¢'=0, 1, ..., Tp
oozirt=0 K e il -V(t’)=v(t’- 1)+a
X X0 S mx{t)y=t'-v+t'Y2-a
1 xomxpe cxprxe | BX(Y=X,-x(t)=X,~ t'" v-1Y2-a
P — X=X - 1)-{v+a(2r-1)/2}
P e - Atr'=T,
o X(Tp)=X,-x(Tp)=X,~ Tprv-Tr?2-a
ﬁ; [ A TD) =0
XJ0) > X0} =
Ll — e .l _J wX(Tp)=x(Tp)
Mys 25 My 2
] ]
DDZ for Speed Reduction DDZ for Speed Reduction
'J — To= 8 sec To= 6:c _‘
. -‘ — Based on eq. (4.13) ____ByTabled)
1 w Optimal Gate Delay v oy 2.¢ Res ; o o
Tp=——t I —1 +—*. Deccleration Rate, a ~ 13 st ~ 13w
a a a Safe Stopping Distance, X, 126 meter 126 meter
Track Width, Wg+L 42 meter 42 meter
. . ¢ D 20n¢ =X, - DDZ =X, -
m Optimal Gate Interval Time e 2'D s i D~ 1008 102
- By T,JW:;;;,- i PR
0 . Pdanras ram
"= 6 soe. 23,66 = 23.66 - 0.0
- Then | __(+T,a), (wr,,-a]'% 2, +L) phidey _
! a a a _ Diomaone
T TIYW 2.W, +L G'-sl;:v:.l f'.wr:'m The vehicle may hit the entry
= 2Ly ol 4 ght Fora=00is, T, e
L] N a a M a : || Forgms131 e, 7, *
MyJ 27 - Myt ;

DDZ for Speed Reduction

DOZiee=g
002 (v} » 0 Xt X g1
X0 XJ0)
L XEP K> X TP X |
{0 1 L 2345
= — <~

1
X{1)5 X0y

XJ0D X{1)> > X5 Xel6)
Myd 29

| Car-Following DDZ

[1 m 5th GM Model

Xnet(t 4 1) =mwﬂ?hw(t) —xns1(t))  (Acceleration/Deceleration)
[.v(t —xna(t ]
v (0 =it 1) [t 11 (0] (Speed)

e (Y= Xe(f D4 Trfrm(: —D+ ()] (Distance)

2

m Stopping Dist. |....\_ar.spye . T .0

m Continuation Dist. +"
Xeaigty= | oot Iy gty

J ® Remaining Dist. I

T TP o

MyJ 30
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—
Car-Following DDZ

LJ

| @ DDZ=X,,,\(t)- X, st ), for 1 =0, 1, ...,T,

Xoal)< X, 0)<X,,.()
where, X,,,,,(t')= X”,l(O)—x,",(t’). £=0,1,..,71,

& Optimal Gate Operation Times
Max T;=T,+T,
J 51, Xc,nol(t,)=Xr,n+l(t')<X:.n+l(t’)7 t'=0’ 1""’ TH'

:I Data Collection and Reduction

1 W Site Selection
m Vehicle Arresting Barrier (VAB) ![nstallation
- Hartford, McLean, and Chenoa Sites
m Considering AADT for Car-Following
B Two Sites: Hartford and McLean
m Data Collection
m Single day in Oct. 1996 & in Jul. 1997 for each site
- weather: partly cloudy
- moming (2 hrs) and afternoon (2 hrs)
# Video Camera
= -~ viewing area: about 100 - 130 meters (300 - 400 ft)

MyJ

Data Collection and Reduction

m Reference Points

m Hartford: 77 and 31 meters from the entry gate

- Zone A: 46 meters long (from 77 to 31 meters)

- Zone B: 31 meters long (from 31 meters to the entry gatc)

- Zone C: 26 meters long (from the entry to the exit gates)
@McLean: 93 and 31 meters from the entry gate

- Zone A: 62 meters long (from 93 to 31 meters)

~ Zone B: 31 meters long (from 31 meters to the entry gate)

- Zone C: 14 meters long (from the entry to the exit gates)
d & Camera Location:

% A good view of approach zone and the track zone

My 33

] Data Collection and Reduction

[] m Sample Size
® If 100 speed data are collected
- 4.25m/s of std. dev. and

2 2
- 1.00 m/s permissible error (¥ =[£EE_"J =(12‘:’:)°;25) = 70!
_ 95% ) s 8

m Grouping of Data
® Single vs. Platoon b At (L+B)
@ Weber-Fechner Relationship v
- average 10 mVs of speed in the track zone
- 4.6 meters of buffer dist. (B) recommended
- average 4.6 sec of headway

Myd £

Data Collection and Reduction

r m@ Data Reduction
® Time Unit: 1 sec (collection) & 1/30 sec (reduction)
B Video Tape Recorder @ Spreadsheet (MS Excel)
& Manual data recording method instead of image
processing technique
B Getting the values
# Speed = dist. / veh. travel time for each section

8 Accel (decel) rate = speed variation between two
sections / travel time for these two sections

J # Headway = interarrival time of vehicles

My s

—
| Data Collection and Reduction
[] m Summary of Data Reduction
- OcL 1996 PlemE—a e e
@:‘- LAMO) 1 -___BLLm -_!EL"‘ m.—
[P—t— . e
oo — e e S LT
No_of Vel 0 T3 108 k] 3T at
‘A" 56 141 ] 36 "7 34
M Efwrs -3 A
e 15 % n " 6 7
B2 [ ] 19 [ 0 7
School Buses [} o 2 0 ] o
ENIEN—! T ] iarthed Mctaas | clos
~ Jul 1997 E— z%zrm—-{g T Koo ST TR
LT A3 o N 8 . o £ O 2
= T w L |5 Jw | w]wn|ale
Trocky 1 [} 2 iy * [+] [} 3
e n 40 n 3 » » L] 3
J WB-12" 35 n 7 B 37 3 E] 1
Sehoo) Buses (] 13 0 L] 0 1] [ 9

i
]
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[ Vehicular Speed Profiles for
LI Field Data at HRI

m Microscopic Speed Profiles
® A Primary Factor in the Designing and Controlling
Traffic Performance on Highway
mEstimate DDZ and Car-Following at HRI
m Two Groups for Speed Profiles
- Single Vehicles
- Platoon of Vehicles
By the Time Headway
m Two Sites: Hartford and McLean

My 37

Testing Speed Reduction

[1m Using Single Vehicles Data

- Between Approach Zones: Zone A, B, and C

- Hartford: (Oct. 1996 Group A & B), (Jul. 1997 Group G
&H

- McLean: (Oct. 1996 Group C), (Jul. 1997 Group I and J)

B Assumption —
T
e Ny

W H,: Two sets of speed are equal
$sc = 5”-+£é-J
ﬂ A

| Zone A and B (Ho: 14~ g = 0)
m Standard deviation of the difference of the means

W Zone B and C (Ho: pta- up = 0)

Myd 38

Testing Speed Reduction

m Group A:

- Test between Zone A and Zone B
M- pup=3.16 m/s > 2*0.44: at @ =0.95
- Reject H, and “Significant difference between A & B”
- Definite tendency to reduce speed from Zone A to Zone B
- Test between Zone B and Zone C
W - up=3.70 m/s >2*0.40: at a = 0.95
- Reject H, and “Significant difference between B & C”
- Definite tendency to reduce speed from Zone B to Zone C

Test Results: Hartford

ZoncA&B ZonceB& C

Group A (AM, Oct. 1996)

Mean Difference {nvs) 36 a7

Std Dev. Difference (m/s) 0.44 0.45

95 % Interval (m/s) 0.88 0.950

) Variation YES YES
Group B (PM, Oct. 1956)

Mezn Difference (mv/s) 179 320

Std Dev. Difference (mvs) 0.44 0.38

95 % Interval (m/s) 0.88 0.76

Variation YES YES

Group G (AM, Jul. 1997)

Mean Difference (zv's) 333 331

Std. Dev. Difference (m/s) 0.42 041

95 % Interval (nvs) 0.84 0.82

S Variation YES YES
Group H (PM, Jul. 1997)

Mean Difference (m/s) 292 3.53

Std. Dev. Difference {(mvs) 039 0.39

95 % Interval (m/s) 0.78 078

Speed Variation YES YES J

My 40

Speed Profiles for Single Vehicle

r m Microscopic Speed Characteristics in Each Zone
- Normal Distribution for the Speed Profiles
W Zone A, B,and C
m Utilized as input distribution for simulation
- Chi-square Test
m Hypothesis: the measured distribution is identical to the normal
distribution
- Estimation of size of the class interval by Sturges (1926)

~——Range——

J' I =

MyJ 41

| Deceleration Rate: Single Veh.

B Based on Speed Reduction
vr=vr

148 =

8 Chi-square Test: Lognormal Distribution

Decelerstion Rates (nv's") Deceleration Rales (ms')
Between Zone A wnd Zove B Between Band Zone C
Data Set Mean St Dev, Mean Sid Dev.
Bartford
Orocp A 076 0 093 0.40
Growp B 0.46 035 0.8 0.53
Grovp G 068 0.36 076 045
Group H 0.60 0.32 0.88 0.48
McLean
Growp C 052 032 L16 059
Groop 055 030 126 0.6t
Oroup ) 045 020 116 049
MyJ 42
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Single Veh. Speed: Hartford Single Veh. Speed: McLean
L L
N - M -
=~o— Constunt Spred o~ Congtamt
~m— Cromp A Dedn Set 8 Gragp C Dotn Set
- | EEiEE N -f T
188 e
P
u]]]ﬂm— 121130 Tane CIT %) mreone ﬁ
Zmen - Zane B /%u <145 wis
150 -
) Zener - Zmer /
g é 11-1T4m
- e
Tmbtlad it
» »
2w 180 wis
. .
L 3 : 3 4 5 6 7 . B o 1B M L | T 3 4 8 & 7 Y B IV WS
U Time e Time e
Myl I My “
Platoon Vs. Single Vehicles Test Results: Hartford
. . Zone A done B Zone C
® Testing Speed Difference between Platoon and Growp DEA (AM, Ot 1956)
. . Mean Difference (m/s) 095 132 108
Smgle Vehicles 1. Dev. Difference (m's) 046 052 046
95 % loterval (mVs} 092 1.04 0.92
- Hartford: Group (A vs. D), (B vs. E), (G vs. K), (Hvs.L) Speed Difference YES YES yes |
McLean: Group (C vs. F), (I vs. M), (J vs. N) O o Dl (
- cLean: Grof VS. VS. VS. Mean Difference (mvs) 1.06 1.52 1.58
up ’ ’ $1¢. Dev. Differeace :m/.) 040 038 032
- um 1 95 % Interval (mvs) 0.80 070 0.64
Ass ption S oty = S + Sian Trowp x:a mﬂi T&) e B YEs
B Two sets of speed are equal s Ry Macar Mean Differeace (nvs) 228 1.80 142
S#d. Dev. Difference (m/s) 0.36 0.39 0.36
u for Group (A vs. D) A S T ] 95 % Interval (m/s) on2 078 072
. . - = 15 = | 2L HD 5; Diffevence YES YES YES
- Zone A: (H: paay- puoy = 0) 200" W Moy Macny Group LAH (PM, Jul. 1957)
- Zone B : (Ho: paay- psoy = 0) 5 S n::-n Difference (m/-:‘, 152 164 122
- E> Std. Dev. Difference (mv's} 034 038 038
- Zone C: (Ho: oy~ poy =0) Sccon = —5‘ﬂ+i“1] 95 % tnterval (m/s) k 0.68 0.76 070
ooy Moo Speed Difference YES YES YES
Myd 45 ™ 48
Speed Profiles for Platoons Platoon Speed Profiles: Hartford
— ZoncA ToncB_ | 7ZmeC
. Group D (AM, Oct. 1996): 31 Plaioons { , 31d [t ., 0. dev) [T , 34, dev)
[1 m Platoon Size for Hartford and McLean [' T wehicl (31 vek ) wie s | Gessm | gzstom
f'ﬁi*(ll veh.), m/s (18.8),2.95) (15.23,3.12) (121,277
' I I T B i ZEEODE | i | ein | e
| i | vores | whics | vl | i | o1 vy | Gasoon | (rsoon | Gsa000 |
m&m Tacan, s devy | (mcem, ik, &ev) | (mcan, $id eV}
22 3 L] 1 0 £* vehicle (36 veh.), mis (19.33,3.25) (15.83,2.9) (12.45,3.28)
52 15 6 6 fth(“ﬁ).-h {16.86,3.34) (14.82,1.44) (11.59,3.03)
39 10 1 4 0 3 vehiclo (34 vh.), mn (16.19,2.77) (13.92,2.33) (10.39,2.68)
P > fmwtm | mmn | mnrn | ese
. Y y Y
Teiows o KA BT T | e i T et i
Group F (21) 16 4 1 0 1* vehicle (64 veh.), /s (17.00,2.60) (14.52,2.70) (11.37,3.08)
Group M (13) 7 6 0 [ o 2% vebicla (64 veb.), Vs {16.85,279) (13.92,3.23) {10.98,2.98)
N (49) 42 [ 1 0 0 3 vehicic (25 veb.), m's. {15.44,3.36) (11.87,3.74) (9.34,275)
sEEERS | G | s | S
E) i s .. X .| .4 .
ad Ch .. Hartf Growp L (P, ul. 1097): 60 Platoous | (ascem, 54 dcv] (._,u'u)vT Towcan, 14
. 17 vohiclo (60 veh.), w/s 18.18, 2.91 3.01,3.28) 1.80,3.13)
& He way aracteristics: Hartford ; v-hu-((ao wu);. l :l1.0. zn; ::«g. :.ns: :: 19, 190:
: : 2 : wehicle (1S veb.), s 16.13,2.71) 3.13, 3.41] .71, 3.1
- Chi-square Test: Normal Distribution ot heying Gemary | Gasere | (osszsg
U 3® vehivte (S weh) m/s (17.54,0.29) (14.64,214) 10,98 0.6
My a7 My a8
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Summary of Speed Data Analysis

® Speed Variation (Reduction)
~ Using single vehicles and platoons for two sites
- Definite tendency to reduce speed

m Comparison bet. Platoon Vs. Single Veh.
- Platoon speeds are less than single vehicles’

- In platoon, average speed of following vehicles
are less than that of the leading vehicles

® Input for Simulation

- Speed profiles, decel. rates, and headway

My 49

DDZ Estimation for Single Veh.

1

= Assumptions
- atrain may approach at any time, the interaction between a vehicle
and a train can occur
-~ asingle “average vehicle approaches the crossing at ¢ = 0 sec
& interacts at and within the stopping distance area with a train

m Stopping Distance

AUPRT = 1 sec AUPRY = L8 voc ACPRT = 25 sec
From AASHTO (1990) |  From Taoks (1989) | From AASHTO (1950)
(85* percentile)

Stopping Distanoe (m) 10565

7775 92.63
Gate Delay Needs (sec) A2(=77.75/18.60) 5.0(=92.63/18.60} 5.7 {=105.65/18.60)

Varishles Used
Approsch Speed. 18.60 m/s (61.02 13} 18.60 nv's (61.02 0's) 18.60 m/s (61,02 £}
Typical Decel. Rate 3.05 m's® (10 0s) 3.05 m/#® (10 07 3,05 mis® (10 08
Grade of Crossing 0% o0% 0%

MyJ 50

DDZ Estimation for Single Veh.

| m DDZ calculation without speed reduction

- Hartford: by Coleman&Moon methodology
MDDZ is minimized: Tj, = 5.70 sec, 77 = 2.50 sec

Time ] Accel. Speed Vchicle | Stopping | Continust. | Remaining | DDZ
bl (mve) mvs) Posit(m) | Dist (m) Dist. (m] Dist(m) | (m)
[0.00 1 000 18.60 6.00 1057 106,07 105.65 .37
[1.e0 | 000 18.60 i8.60 105 87.42 §7.05 .37
.00 9.00 18.60 37.20 105. 68.82 .45 .37
_i‘__o.oo 18.60 35.80 105, 5022 & 37
00 0.06. [X7) 7440 105,63 36 37
[5%0 | o0 18.60 93.00 105,65 13.02 2 .37
[560 | 000 18.60 104.16 105.65 186 id 37
[570 [ 000 18.60 106,02
(760 | 0.00 18.60 13020
.20 0.00 18.60 152.52
My 51

DDZ Estimation for Single Veh.

1 m DDZ with Speed Reduction (Coleman&Moon)
Time Accel. Speed Vehicie Stopping | Continuat | Remaining DDZ
o) | (s | () Posit(m) | Dist(m) | Dist(m) | Dist(m) | (m)
.00 - 0. 8.60 0.00 105.65 9722 105,64 ,44
.00 - 8.05 18,30 100.97 .87 B7.%
[200 | -o. 7.5¢ 36,05 6. .06 9.
300 | -o0. 5324 51 81 2. X
(400 | -o. .89 87, an X 66
00 | -0385 X 85.99 83.25 0.96 19.63 .71
[S60 |_-085 3 95.36 79.93 154 103 .75
579 | -o08s ¥ 96.89
[766 1 o085 3 116.05
.70 - 0.85 .93 151.24
m Gate Delay = 5.70 sec.
m Gate Interval Time = 4.00 sec
L mDDZ is not minimized
Mys 52

DDZ Estimation for Single Veh

® DDZ with Speed Reduction

Time | Aceel, Spced | Vehicle | Stopping | Continust | Remaiming | DDZ
(xec) (ove (V) Posit(m) | Dist.(m) | Dist {m) Dist. {(m) (m)
10.00 - .60 0.00 105.65 106.29 105.65 .64
| ! .00 .08 18.30 100.97 87.94 87.36 .
| 2 .00 .50 36.05 96. 70.13 69.1 ..
.00 95 53.24 914 52.88 52. X
E.w -0. .40 69.89 87.: 36.18 35. X
[5.00 -0.8% .85 85.99 83. 20.03 19. .36
, 20 -0.85 .91 104.43 76. 1.49 1.22 .27
.30 -0.85 .82 108.91
00 -0.85 .23 116.08
.70 -0.85 1193 151.24
mGate Delay = 6.30 sec.
& Gate Interval Time = 3.40 sec
8 DDZ is minimized
My 53

Car-Following DDZ Estimation

® Assumption
m Last veh. of a platoon is located at the stopping
distance zone when a train is approaching

mTwo vehicles in a platoon
- LV =the lead vehicle
- TV = the target vehicle (i.c. the last vehicle)

W Three vehicles in a platoon
~ LV = the lead vehicle
~ FL = the following vehicle (i.c. the intermediate vehicle)
- TV =the target vehicle (i.c. the last vehicle)

MyJ 54
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1
. . .
Car-Following DDZ Estimation
- Single Veb, | Single Veh. | Platoon of 2 | Platoon of 2 | Piatoon of 3 | Platoon of 3
— {const Spg) | (Spd Redu) { Long Hawy | Short Hdwy | Long Hidwy | Short Hdwy
 Terget Veh 55 Veh 2 Veh Vel T Veh.
Speed (=0
v 17230m/s | 18.00ms | 1490ms | 1730w
FV 17.30ms | 18.00 m's
Iv 18.60 m/s 18.60 ms 18.90 mvs 18.90 nvs. 18.90 m/s 18.90 m/s
Headway
LV:FV 498 m 25.52m 4498 m 255tm
FV:TV 4498 m 2552m
“Acoel. Rate
LV 000mvy | 055my’ | 086ms® | 064mvs’ | 0ssmi® | -086mi’
Speed (r=Tp)
Lv 1085ms | 12325 | 1370ms | 1134mws
v 1351ms | 1140ms
TV 18.60 m/s. 14.82 m/a 10.95 m/s 1243 m's 13.32 m/s 1124 mvs
Speed (=T
Lv B36avs | 1258ms | 1645ms | e
¥V 1626ms | 1453 mvs
TV 18.60 m/s 1193 m/s 13.76 m/s 12,47 m/s | _16.06 m/a 14.42 m/s
Min. DDZ 37 m .27 m odlm 0lam 15 m 029m
Gste Dela 5.70 sex. 6.30 vec 7.50 sec 6.90 pec. .20 sec 7.40 sec
L{Gase nterval | 230we | 3400ec 380 sec 4.00 sec .30 sec 3.60 sec
My 55

Simulation for DDZ Estimation

m Objectives
= Identify DDZ based on car-following logic
including stochastic elements of variables
- 4 Groups at Hartford (1 Group for Validat.on, Group B & E)
- 3 Groups at McLean (1 Group for Validation, Group C & F)
m Software: AWESIM and Visual C++
B Input Variables
- Speed: Normal Dist. using single vehicles for free flow conditions
- Decel Rates: Log 1 Dist.
- Headway: Normal Dist.
- PRT: Lognormal Dist. (from Taoka, 1989}

My 56

AWESIM Network

Sy Srmms Zooe (R ot € dhutng st
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Simulation Control Functions

7o
e CONTROL PROGRAM s

:W-‘ Dilenae Zoew sad Cw Following Simubstion:

GEN,“Voung ). Moce”, "DDZ texd CF Model /291997, 1 \YES VES;
NITALIZE 003600,

LTRSS,

RECORD, THOW,“TIME, (AWESIM). TTBEG.TTFIN,

REPORT,, YES, YES EVERY (1) ((ALL.2}};

ﬁuuw..u-
= Maximm No. of Vebicks Gemrated

Llll) ‘Targs Vehicls Numsber

(1) = Tiom Incvemmst: T ()

20(2)= Sembirky Fremetu (1pke_0)

XX(3) = Speed Limit for This She (ws)

Xy Distaee
2CK(6) = Distaoce butworn Eatry and Exi Gates (m)
- Hatos withoot Brakes (wva/s)

007

KK(8) = 1500 o for I vah ca the rack 2o (irs)

Jo«vy-nm.-nnma.m;mm)
= Maxiss Tiew fr Celoaletin ()

oo LQH’O‘UMI) 130“1!»1’ ),(2007010.06), 008413 1), (0 SL50 }
00646781, 0TTL00). (XKL K23, 0005L7 6311300104360,

WIG((NIPY (wizsn;

NETWORK.READ.

SIMULATE;

I,

User Insert Program: Visual C++

1 opply o olowng kg
Mol by Yomg Moo */ . -
b i -l oL TRIN(Y
do -Xqz
Die_pop = 00535,
b3 ?-n-—.u oT_Tgs, ::ﬁ-‘l:qﬁ'n)oqq/x
f - Sy ke Tl » Do+

P
Dl Cron{aV} = Die_Agas - Do Sp{aVEOk
e SpredVeb{} 2004 SO0, Ace], VeMH Y5000, Pos_Veb{ 12003000,

ey Timn{) 200, Hibmey_Dl{ XN 50008. Trovel_ T 108,

3
Qhulle Dit_ Sy 1200 50003, Die_Com{ 1200 5003, Dl A, ol
¢ R 200 11, D, Tt Do Ay, Dl Crad 1 2501 vyt e Szt wam

brooea(3000), Dit_ DU, Gele iy, Gt L, (Ui TREYY) = ety

e Toms Trvj1200), Time_Rete(} X003, T, Thum iy DU L
-0,
D DU = 9999
o E=rikies

whae (3T <= (Ticm_RekaVY V4T
Dist_StopfeVi(uT) = prtJmr->ATRIE5} * SpoedVeb{uVEaT] +

porw(Spand_Vab{aV)(sT}, 2)/ (2 * XX
Dit_Rarmgl=VT) = Dist_Agyx - Poss_Veia\IsTL

et T Cr_Gan Pt_opm Povd_Vell 0, Dl et 0, Thsw_En,
WV, o7, &T1, Pag.
e Tiem: 27, .0, e i D,

Validation

m Comparing simulated speed profiles with field data
~ Simulation Runs
m Hartford: 5 vehicles in a platoon, McLean: 3 vehicles
m 15 replications with different random seeds
m Average speed in each zone

- t-test
m Statistical significance of the difference: in average speed
| W AT

W ¢ (n-1) statistic
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Validation ] Validation
rn m Lead xg:l. speed pz{gﬁle: no”s;zigm ﬁcaxlls?c‘iclff erence F B Test speed profiles in a platoon
T s Ty 5 . .
E;.:;'g:;.\ - No Significant Difference
R wn u 1597 ® 1st, 2nd, 3rd, 4th, and 5th vehicles for Hartford
o i1y i3 B ® 1st, 20d, and 3rd for McLean
s o nn e . . . .
st w i e ® Simulation Model is Valid
lo, i3 13 . .
- B3 35 e ® Represent the speed profiles of vehicles in the
i 4 nn e dynamic dilemma zone methodology including car-
No 14 e 2% 79 following logic
No i3 123 0w 747
Awrige e 1392 ”a
e 15— P i
D e i o
U L
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Optimal Gate Operation Times 5 Conclusions and Recommendations
-
11 @ Findings for the optimal gate operation times [] m Review of Objectives
~ Using all data groups in the valid simulation model @ Dynamic Dilemma Zone and Car-Following
® Hartford Site mOptimal Gate Delay and Gate Interval Time
Dats Growp. ‘Ciste Delay ‘Gt Iotervel Tume L. L. . . B
R e o) ) u Statistical Distribution of Driver Behavior
o EAD .0 1% s on m Summary and Conclusions
Growp K&G (AM, AL 1997) 630 6.30 . . .
At 1997, o0 o3 & Statistical Distribution of Driver Behavior
T ~ Definite tendency of speed reduction
m Mcﬁmﬁo..uf_ Goe Detay Gors Loverval Tome - Average speed of platoon is less than that of single vehicle
‘ima sud Date (vex) (sec)
e o 3 & BDDZ and Car-Following Model
Qroup MAI (AM, bl 1997 10 490 - DDZ exists in both cases of constant speed and speed
- | CrompNaI@M N1 $90 L) L reduction including car-following logic
MyJ 63
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Conclusions and Recommendations

L Summary and Conclusions (cont’d)

m Simulation Model for Optimal Gate Operation Times
- Gate delay and gate interval time based on minimizing DDZ

B Validation

- The proposed DDZ and Car-Following model is valid by
comparing speed profiles with field data

8 Optimal Gate Operation Times are Obtained
~ Using all data groups for both sites: Hartford and McLean
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Conclusions and Recommendations

B Recommendations
- More data collection for interaction between veh. & train
- Test and refine model for multi-lane HRIs

® Applications

- Evaluating intergreen interval, yellow and all-red at HHI
~ Intelligent Transportation Systems (ITS)
® Real-time traffic control at HHI, HRI, work-zone, incident area,
merging area, lane closure, toll collection area, etc.
| Adv d Traffic M: System (ATMS)
= Automated Highway System (AHS)

My




