Attachment E

On Simulation and Optimization of Freeway
Network Operations

B. Wiwatanapataphee & Yong Hong Wu
Curtin University of Technology
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Progress from last PSG meeting

An Overview

Simulation and calibration of traffic flow model

Implementation of the new KWN Freeway configuration

Data Analysis — link traffic prediction by BAM-LSTM

Optimization of Freeway Traffic Flow via Ramp Metering by CTM



1 Simulation and calibration of traffic flow model

13 12 11 10 9 8 6.5, & . 3 .2 1

—7N Y7 BN VAR S S
Study region  Kwinana Freeway from Farrington RD to Narrow Bridge about 13 kms
consisting 13 sections with 8 on-ramps, 4 off-ramps and 9 bottlenecks .

DATA 31 October 2018 (1) 14 NPl data; (2) 156 Detector lane data




|. Updated network model
: Kwinana Fwy Network
with 156 Detectors & 14
NPI links
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NPI LINK NPILINK NAME

1 Kwinana Fwy NB between Kwinana Fwy Nth Bnd HO15 Nth Bnd - H018 East Bnd & Kwinana Fwy Nth Bnd HO18 W

2  Kwinana Fwy NB between Farrington Rd On - HO15 Nth Bo & H015 Nth Bound - South St Off

3 Kwinana Fwy NB between Kwinana Fwy Nth Bnd HO18 West Bnd - HO15 Nth Bnd & Farrington Rd On - HO15 Nt

4  Kwinana Fwy NB between H015 Nth Bound - South St Off & South St On - HO15 Nth Bound

5 Kwinana Fwy NB between South St On - HO15 Nth Bound & HO15 Nth Bound - Leach Hwy Off

6 Kwinana Fwy NB between HO15 Nth Bound - Leach Hwy Off & Leach Hwy West Bound On - HO15

7  Kwinana Fwy NB between Leach Hwy West Bound On - HO15 & Leach Hwy East Bound On - HO15

8 Kwinana Fwy NB between Leach Hwy East Bound On - HO15 & Cranford Av On - HO15 Nth Bou

9 Kwinana Fwy NB between Cranford Av On - HO15 Nth Bou & HO15 Sth Bound - H548
10 Kwinana Fwy NB between H015 Sth Bound - H548 & Manning Rd - H547 On Kwinana Fwy Nth Bound
11 Kwinana Fwy NWB between Manning Rd - H547 On Kwinana Fwy Nth Bound & Canning Hwy - H549 On Kwinana F
12 Kwinana Fwy NB between Kwinana Fwy (northbound) Bus Ln From Canning Hwy: H013 On To HO15 Northbound
13  Kwinana Fwy NB between Mill Pt Rd - H500 On Kwinana Fwy Nth Bound & Kwinana Fwy Nth Bound H503 Off -

14  Kwinana Fwy NB between Kwinana Fwy Nth Bound H503 Off - Mill Pt Rd & Mitchell Fwy Nth Bound



Calibration of Traffic Model



https://echo360.org.au/media/9fd90170-5be1-41bf-be57-a2d525bad2e1/public

Time Series Plot of Traffic Flow on 31 Oct 2018
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Flow Rate (veh/min)
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Flow Rate (veh/min)
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Speed (km/hr)

Speed (km/hr)
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Flow Rate (veh/min)

Speed (kmihr)
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Flow Rate (veh/min)

Speed (kmv/hr)
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Flow rate {vel/min)
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2 Implementation of the new KWN Freeway configuration

H500 to HS03, HE41, HT46

H544 to H551

From Canning Highway to Narrow Bridge: NP1 link 10 to 13

23



1 additional lane
6 parking areas

24


https://echo360.org.au/media/9fd90170-5be1-41bf-be57-a2d525bad2e1/public

Simulation examples on new configuration
with RM and VSL
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https://echo360.org.au/media/9fd90170-5be1-41bf-be57-a2d525bad2e1/public
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WKN network with VSL and parking area



Speed (kmvhr)
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WKN network with VSL and parking area
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3 Data Analysis - link traffic
prediction by BAM-LSTM



LSTM method (NPI 10)
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LSTM method (NPI 11)

Flowrate (veh/min)
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BAM-LSTM (NPI 10)

Flowrate (veh/min) MSE = 2.3924, RMSE = 1.5467  Error Mean = -0.092575, Error StD = 1.5441
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BAM-LSTM (NPI 11) >

Flowrate (veh/min)
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https://echo360.org.au/media/9fd90170-5be1-41bf-be57-a2d525bad2e1/public

4 Optimization of Freeway Traffic Flow via Ramp Metering by CTM

PhD Student: C. Gu; Supervisors: YH Wu & B Wiwatanapataphee

13 km, 26 cells, 8 on-ramps, 4 off-ramps
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CTM Traffic Model

Kinematic wave Model: : e ,
[ - —— e i e e s — s — e — s _yl
Opx.t = Ofc Cell i Cell i+1 | Cell i+2
— —— = I'c,t — Sx,t, E o > :
C)t dX ' ' < T - :
........ JII>

f i+ 1 +1 . izl
Ccell Transmission Model (CTM): §7j;i;/’ \\:31%:\\\\
g o -.A

= Conservation equation:

VAN &
AN\ X;

Pit+1 = Pi,t + (fic1,e — fie + rit — Sit),

= Flow equation:

fi,t = min{vipi,t’ci ’ Ci+1’Wi+1(pmax,i+1 _Pi,t)}
=min{min{v, o, .,C.},min{C,;, W, (o i1 — 0103} =min{f?, 2.} Vit

= Onramp: th+1 = qi,t +At(di,t _ rlt)



Deterministic Optimization Model

subject to:

I T
(DP) mmD: ZZ PisAxi A —
i=11r=1
T
Pit+1 = prr+A (fis

P
— Jig — 5 Jig + rig)

Qir+1 = qis +AT (diy —riy)

Jir < (1 —P)vriPiss

Jir = (1 — R‘)["f.ipi.r + v

f.iPix(

Pf.r - pc'r.f
Pecri — Pmax.i )]’

Jir < Vriv1Periv1 — 6rrip1 s,

fi.r E Wit (pma_l.:f—|—1

— Pi+14) — Orrivrs.

it < 4max.i

rip < Fmax.i -

(3)

(6)
(7)

(8)
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Distributionally robust constraints

Consider uncertain demand flows : AEP(g)¢ = Gnas <0) 2 €0, V)1, (9)

By the above relationship (9), the relationships (2) and (7) can be simplified as follows:

r—1

.illf P{q.f-[} — Zf‘j_;ﬂf —q,;;fg_;-+Bl|aj < U} > 1- Efj.\?{j.f. (10)
Pe 2 =0

An approximation approach proposed by Cala iore and El Ghaou'1 [10] is utilized to approx-
imate the distributionally robust chance constraint (10) in this section.
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Distributionally robust optimization model

JirAxiAt

Vi

(DRCCP)minD = ZZ(pr (fi1g— fig +ri0—sis)|AxiAt —

=1t

+E

J T r—1 _
Y Y (qja— ) riA +Bj1d;)éf] .-
j=1 [=0

r=1

: AT : P;
subject to: Pii+1 = Pix + J—ie = fix — 77— p Sir + Vi)

fir < (1 —P)vyripis,

f”{(]—P)[ ffp:r—l—OJV,frprr(pp” ’(fﬂ-j1)]a

Jie < Vrivc1Periv1 —Orripiy,

Jit < Wit1(Pmax.iv1 — Pit11) — OpFivr1 .
Vit < I'max.i-

1 — &4
Ed

Ke,Oo(B) +WY(B) <0, Kg, = N

)
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Numerical Results

'|' Figure 1 \|\ '|’ Figure 2 \|\
Pratical flow for 11-6-2018 Flow for inequality CTM for 11-6-2018
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Numerical Results

Figure 1 Figure 2

Practical density for 11-6-2018 Density for inequality CTM for 11-6-2018
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