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Progress from last PSG meeting

1 Optimization of Traffic Flow under non-recurrent events using reinforcement learning-based VSL and RM

2 Control of ramp metering Using Deep Koopman model



1. Optimization of Traffic Flow under non-recurrent events using
reinforcement learning-based VSL and RM controls

B. Wiwatanapataphee, Yong Hong Wu
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Outline

(1) Road Network model

(2) Optimisation model for RM and VSL parameters

(3) Computational experiments
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Edge From To Length lanes RM/VSL VDS Remarks
1 J1 H622 54062 3 0091, 0200
2 H622 J2 150.74 4 RM 0090 Farrinton RD.
3 J2 H618 226.09 4 0190
k 4 H618 J1 21570 4
Networ S "M 15 asess 3
c - 6 J5 H617 38989 3 0089
I n f O r m at I O n 7 H617 37 268.88 5 RM South St.
8 J7 J8 146.65 4 0180. 0700
9 J8 H559 59053 4
10 H559 HS558 58750 3 0170.0702 Leach Hwy SB
11 H558 J11 23021 4 RM
12 JIi1 H554 21105 3 0160
13 H554 J13 12391 4 RM Leach Hwy NB
14 JI13 H553 189.17 3 0088.0150
15 H553 J15 22738 4 RM Cranford AV.
16 J15 J16 48.68 3
17 J16 J17 68548 3
18 J17 J18 1435.18 3 VSL 0087. 0140, 0086
19 JI8 H551 29321 3
20 1551 H547 54583 3 VSL 0130
21 H547 J21 127.12 4 Canning SB Man.
22 J21 J22 1283 3 0085
23 J22 J23 27333 3
24 J23 J24 37.84 4
25 J24 H549 13044 3 0084
26 H549 126 13499 4 VSL 0120 Canning NB
27 J26 127 79.65 4 VSL
28 127 J28 3170.18 3 VSL 0003, 0083.0100.0082
29 J28 J29 14832 3 VSL
30 J29 H500 370.6 4 VSL 0081
31 H500 131 11989 4 VSL Mill Pts
32 J31 H503 25997 4 VSL
33 H503 133 23904 5 0080
34 133 134 36395 5




Incident Type

Road incidents on the Kwinana Freeway

Northbound 1 January 2018 - 25 October 2018

Break Down / |
Tow Away

Debris /
Trees /1
Lost Loads

Road Crash -

Miscellaneous

Animal / |
Livestock

Flooding / |
Storm

Pothole / Hazmat

Special Event II 4
(1.1%)
1

Vehicle Fire -

0

173
(46.6%)

°_ 101
el (27.2%)

7
(1.9%)

6
(1.6%)

(0.3%)

66
(17.8%)

Congestion
I Heavy Congestion
I No Known Congestion
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Incident Type

Break Down /
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Flooding /
Storm
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Vehicle Fire

(1.6%)

4
(1.1%)

1
(0.3%)

173
(46.6%)

Traffic Condition
All Lanes Open
Emergency Lane Blocked
Lane Closures Unknown
Lane(s) Blocked
Turning Pocket Blocked

100
Frequency
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14 Links of the Kwinana Freeway Northbound
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Duration of
road Iincidents
occurring on
the Kwinana

Freeway
northbound
from NPI link 1
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Observed traffic flow under road Iincidents

Time horizon is between 8:30 and 13:30,, August 2018

120 Jﬂ
Road Crfash Breal Down / Investigated
100 - (Downstregam) Tow Away period
(Dowgstream)
80 A
60
40 -
Animal /
20 - Road Cgash Livgstock
(Study Rbad) (Stuay Road)
0 - I [

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00
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convld mput

InputLayer

mput:

[(None, 30, 4)]

oufput:

[(None, 30, 4)]

'

Traffic prediction under
non-recurrent events
using 1-D CNN LSTM model

mput: (None, 30, 4)
convld | ConvlD
output: | (None, 30, 64)
mput: one, 30, 64
lstm | LSTM ! ™ )
output: | (None, 30, 32)
mput: | (None, 30, 32)
lstm 1 | LSTM
output: (None, 32)
mput: | (None, 32)
denze | Dense
output: | (None, 3)

0.0025 — train
validation
0.0020
% 0.0015
2
0.0010 |
0.0005 \
20
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(2) Optimisation model for RM and VSL parameters
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The optimisation model:

tend

end—1 TSrm tend—1 TSysi
min ) T (7Lk(t>>+ xrmtE Y @ - @t =1+ dug ). Z(ﬁm Bilt = 1)?
t=t1 t=7+1 i=1

t=7t+1 i=
n; akl

+ AQL(t) =0, 0< ki(t) < kjam,i

= Capacity constraints

tend rs
Ag;(t) = q"(t—1) — ™ (t -1 +7(t— 1) —s;(t — 1) z T{z(ACh’(t) — CIc,i)} <0

t= =1
. N rqcrs ﬁi,rvf,rki,r(t — 1); T i
" (t) - ¢ upstream
max{ i (t); queue;, (t))} Ec.li}\ pstre:
1/ ) cell
© queue, () = arryy(t = 1) — 2 (M — mip (6= 1); N
e
m; () =m;,.(t —1) + T(arr, (t = 1) = r;(t)) < M, Hem ramp cell
: t
s T O=r"t-1D+ ai(t)%(nikai —k;(t—1)) >0 Green ri( )

duration 9:(t) = S(t)

....... 'Meterlng parameter . T = trecora/3600 16



(3) Computational Experiments
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Case I: Traffic speed (km / hr)
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Ramp metering q;
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VSL
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Case I: Density and Flow rate
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Case II: With road incidents
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Case II: Traffic speed (km / hr)
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Case II: Traffic density (veh / km)
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Case II: Traffic flow rate (veh/min)
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2. Control of ramp metering Using Deep Koopman model

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

) i 2 L T Ma-1 Mt
Dynamic system: - | - o= = & & &
o | 65 pa ae "o =1 e
Tip1 = f(rg, u‘t):
T - — . S nd e
Ly = [Ot,fl s Ot I s Ot mpg s Gt g1 s -0 Qt;j.f] iy g N i g P
T Iy e “ny, ANAN
ut = [a't,ﬂ,l oo At gy s dt,ﬂl RERS dLﬂ,N ’ dt,ml} ] (1)
(a)
gt.ml Qr,_m Qrim_., fh.m., dt.ms,
Optimization model: = | = - e | = o -
T T—2 deymy & T e & & & Otms
max T = E t*;ra:t — A E ||ws+1 — 'u.f||2, (2) ) = = = & m
us,¢=0,...,T—1 t=0 t=0 &\ qi.n -’/Q i ‘/g o
S.L 0,1, ) 0410,
"!L'u 1 f‘r!‘ fig
xt—l—l = f(xt,‘ 'U-t)- t=0..... T — ]_ (3) £y = [Ur.,hsU!.l‘gsuﬂ.mss(.’!.,-rrils‘f.t,mgsqr.,n]sfir.,m;;afff,:rig-.fft.,-:ri-..u‘!.'.,ma !
: : ’ ’ T
U = [at.m H at,_nydf.m 3 dt,'n-g' dt.nu]
Lmin < Lt < Lmax t = 1 T (4)
Umin < Ut < Umaz,t =0,..., T — ]- (5) (®)

Fig. 1: Schematic diagram of ramp metering for a freeway (a) and an example
of describing the state z; and control u; with ramp metering (b)
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Deep Koopman model

e
i
ramp
tering
"
aa ] - flow

demand . ®

Fig. 2: The diagram of the proposed DKM. The original state x; is lifted with the encoder, i.e..v)®(x¢, w®). Then ¥'®(x¢, w®), us forms the lifted state for
constructing the linear evolution in the vector-valued observables. The freeway traffic flow dynamics can be recovered via a decoder fgbd(q,be (g1, we), wd)
from the vector-valued observables 33



( \ f;{"\ @ Ci:
i A e i Lanh
| (@) = A (ae,wt) + Buy
Tip1 = f(og,ug). DY B o ). ) : -
ry = (T, w),w). ! *
Tt VI (Y" (e, w"), (o] [o] [w] [o]
|
Algorithm 2 The Deep Koopman Method (DKM) | “"[hl | ]H, L ]
I: Initialization: w®, w?, ,Z, g, M. Epoch =0, Epochpax- . |
. . ke |1
;1= 1,...,5, batch size bs,g small constant € > 0; (") ”
2. Train: trained w®, w?, A and B;: | STM
3: while EI)OC.’I—L = EpOC‘h-?nax or ILI S e do Fig. 3: The diagram of the LSTM
4: Reset the training episodes:
5: while E'poch is not Terminated do
6: Sample a batch data sequences of state x and Algorithm 1 : Compute the output sequence of an LSTM
control wu; network
7: Compute the vector-valued observables I: Input: Sequence xy, Ta...., Tk,
¢(x,w®)  with  (18) and reconstruction  states 2: Output: Sequence by, bz....., b,
T = (e (z, we), w?) with (20); 3: Set ho =0
. 4: Set tp = 0
8: Calculate the multi-step vector-valued observables s for kB kto K dod
Al®(xq. we, ug) with (22) and predicted states 7; = T e
DA(ALD (g 1wt 4} where [ I 6 k= (Wilbr, 21 + by
VA D(xg, we, ug), w?), where [ =1,2,.... M; 74 ir = o(Wi[br_1. 71] + by)
9: Compute the loss function L. with (26); 8: ¢ = tanh( W [hp—1, 7] + be)
10: Update w®, w?, A and B via solving problem (26); 9: = fr @ o1 +ip @
11: end while 10: op =0(Wolbr—1, 2] + bs)
12: FEpoch = Epoch + 1 1 by = o @ tanh(cx_)

12: end for

13: end while =1




Algorithm 3 : MPC-Deep-Koopman to compute the control
sequence of Problem T’

1: for ¢+ =0.1..... 7T do

- Let z0 = ¢ (ax¢, w):

3: Minimize Problem 1T to obtain an optimal solution U ™*;
4: Let @y = UF(1 2 m2):

5: Update ;¢ with system (28).

6: Obtain practical =y, 7 with SUMO by implementing

the control ..
7: end for

P T
ra ",
! O bjective function Constraints |
zpn — WY (ay, w) - MPC controller =T ¢ | SUMO
Deep Kooprman 1
N /
\\‘\ //

MPC-Deep-Koopman

Fig. 4: The diagram of MPC-Deep-Koopman to compute the control sequence
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The Comparison of State Prediction between EDMD and the proposed Deep Koopman for Scenario 1



Mumber of Leaving Yehicles
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Green split

Green split

Action for scenario 1 of Deep Koopman
T
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Performance Comparison of Average Objectives (ATT: Average Travel Time, ToT: Total throughput, DoC: Deviation of Control)

Seenario 1 Scenario 2 Scenario J Scenario 4

WA o Do | AT TIC DOV | AT TIC DOV | AT TIC DOV

EDMD | 157174 32613 020779 | 151445 30948 020336 | 145989 32674 02293 | 137005 32723  0.15006
Linear | 162627 32290 028700 | 155433 32195 021649 | 1549.06 31057 032817 | 143383 31608 032998
Fired Control | 1810.53 20403 - | 177438 28662 - | 176353 30582 0 | 16408 3109 0

NoControl | 189301 27998 - [ 182009 27560 - [ (79248 28903 - | 169609 29106 -
Deep Koopman | 1457.96 34333  0.09384 | 143362 33951 0.13973 | 1363.08 34267 015235 | 129533 615  0.11362
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