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Progress from last PSG meeting

1 Freeway traffic control via Ramp Metering and Variable Speed Limit using a mesoscopic model

2 Control of ramp metering based on reinforcement learning



B. Wiwatanapataphee & YH Wu
Curtin University of Technology

, &
P &
b
" T
4 \ s g

e 171 R L
: ' ] : l 3r’g‘ : . ' V»'j.' . i 5

S A m-lﬂ Lk FRE L E =2
L LAl b gy
’ S . .:Zﬁ:' T- \ v T *—‘ > (‘r—\ T -,_A_,:::‘:__é. :.r.- e it.;j

L L

.: *}‘:- 1’
. !




Background

PERTH

oA

/"% AVG.SPEED
Q CONGESTED SPEED
(e) OF (3 OF FREE FLOW)

VARIABILITY

61.6 K/H

94.8%

24.3%

Average free flow speeds

85
80 \
75
= 70
k:
65
55
2014 2015 2016 2017 2018
Sydney e fMelboune eBrisbane e _anberra
w— 1\ |0 e e = rth e o 0a rt e 3 rvin

https://www.mainroads.wa.gov.au/about-main-roads/news-media/smart-freeway-technology-upgrades/



Traffic monitoring and Control systems

s Traffic congestion has a significant impact on economic

activity throughout much of the world.

% An essential step towards active congestion control is the

creation of accurate, reliable traffic monitoring and control
systems.

N/

¢ These systems usually run algorithms which rely on

mathematical models of traffic used to power estimation and

control schemes.
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The DE-CTM optimisation model.:

| & _ a € [Ayin, Amax] - probability from upstream
TTS = min [ Y ) TLiki(a,f,t) normal cell;
t=t1 i€C
) 1—a: probability from upstream merge cell
niaki a(nlql) B € [ﬁminiﬁmax] : VSL rate
PDE: ot + 0x =g(a,,8, t)

ri,j(t) = min l(l — Cl)‘li—l(t); Qr; ml(t - 1) + Z_](dl’] + ri,]'(t — 1))], j = 1, e ) 8

T+H.—1
Constraints: Z T{Z 7, () +mi(qi(t) — Ql)} =0, Jj=1..8 - upstream
t=1 IECpy L. JK_ normal cell
\
T+H -1 \
D TED . mka(® BGH )~ [ <0
t—1 i€CysL upstream merge

cell
0 < ki(t) < Kjam
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Some results a,, € [—0.25,0.25],Bys;, €[0.25,1.0]

Let gmqx = 1800 vph on freeway g,,4,,= 1300 vph on on/off-ramp

Case study Segment Free speed Capacity(veh/hr)
(km/hr)

a All segments 1800
b All segments 70 1800
I a 17 100 450
b 26 100 450
1l a 17 70 450
b 26 70 450




Farrington RD to Narrows Bridge

Case I(b): Heatmap plot of density and flow rate
Free speed 100
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Farrington RD to Narrows Bridge

Traffic flow rate (veh/hr)

Flow rate (veh/hr) on Freeway
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Case I(a): RM control and Variable speed limit



mp Metering at five on-ramps from Farrington to Cranford
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Variable Speed Limits from Cranford to Mill Points
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Farrington RD to Narrows Bridge

Case | (a): Heatmap plot of density and flow rate
Free speed 70

Traffic density (veh/km)

Density (veh/km) on Freeway with 25% flow capacity at the 17th segment
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Farrington RD to Narrows Bridge

Traffic flow rate (veh/hr)
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Case | (b): RM control and Variable speed limit
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Variable Speed Limits from Cranford to Mill Points
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Farrington RD to Narrows Bridge

Case ll(a): Heatmap plot of density and flow rate
Segment 17

Traffic density (veh/km)

Density (veh/km) on Freeway with 25% flow capacity at the 17th segment
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Farrington RD to Narrows Bridge

Traffic flow rate (veh/hr)

Flow rate (veh/hr) on Freeway with 25% flow capacity at the 17th segment
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Case ll(a): RM control and Variable speed limit
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Variable Speed Limits from Cranford to Mill Points
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Roe Hay to Narrows Bridge

Case ll(b): Heatmap plot of density and flow rate
Segment 26

Traffic density (veh/km) Traffic flow rate (veh/hr)

Density (veh/km) on Freeway with 25% flow capacity at the 26th segment

Flow rate (veh/hr) on Freeway with 25% flow capacity at the 26th segment
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Case lI(b): RM control and Variable speed limit
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Variable Speed Limits from Cranford to Mill Points
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Farrington RD to Narrows Bridge

Case llI(a): Heatmap plot of density and flow rate

Segment 17
Traffic density (veh/km) Traffic flow rate (veh/hr)

Density (veh/km) on Freeway with 25% flow capacity at the 17th segment 25% flow capacity at the 17th segment
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Case lll(a): RM control and Variable speed limit






]

Variable Speed Limits from Cranford to Mill Points
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Case llI(b): Heatmap plot of density and flow rate
Segment 26
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Case llI(b): RM control and Variable speed limit
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Variable Speed Limits from Cranford to Mill Points
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2. Control of ramp metering based on reinforcement learning

PhD Student: C. Gu; Supervisors: YH Wu & B Wiwatanapataphee
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Control of ramp metering based on reinforcement learning

-
Environment A ent
Action 5
>
........................................... }
A n ?
.‘.‘. Ae——
Reward Explmt Explore
A
State

HEEEE

She)



state: queue length, mean TN R g ¢
walting time, mean TR s W

m L LearningiCe
. Py e 3 $F

speed....

action: switching signal
phase, a<{01}

policy: 7z(als)
7(1]s)=0.3
7(0]s)=0.2




reward: mean waiting time, mean time, total time spent....

state transition: old state —new state S’ ~p(:[s,a)



* (state, action, reward) trajectory:

Sl,al,'l’l, Sz,az,rz, 0 ) Sn,an,'l"n.

* One episode is from the the beginning to the end

Si—> 0 —> S, —> A, —@> S3 —> (3

N N N

1 s

S4‘ﬁ...

I3
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Randomness in Returns

Definition: Discounted return (at time t).

*Us = Ry + YRey1 + Y2 Ry + - + YV IR,

At time t, the rewards, R;,::, R,,, are random, so the return U; is random.

* Reward R; depends on S; and A4;.
* States can be random: S; ~p(-|s;_1, a;_1).
» Actions can be random: A ~ (- ]s;).

* If either S; or A; is random, then R; is random.



Action-Value Function Q. (s, a)

Definition: Discounted return.

U = Ry + YRey1 + Y? Reyp + - + y" IR,

Definition: Action-value function.

* Qr(sp,a.) =E|U | S; = 54,4 = aq .

* Q.(s; a;)dependson s;, a;, w, and p.

 Q,(s;,a;)isdependentof S, ,--,S,and A;,, -, A,.
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State-Value Function 1 (s)

Definition: Discounted return.

*Us = Ry + YRey1 + Y*Rpyo + - + YV IR,

Definition: Action-value function.

.Qn(; ):[E[Utl ) ]
Definition: State-value function.

* Va(se) = Eq [Qn(se, A)]
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Action-Value Functions Q(s, a)

Definition: Discounted return (aka cumulative discounted future reward).

*Us =R +YRiy1 +V* Reyo + V> Reyz + -

Definition: Action-value function for policy m.

* Qr(sy,ar) = E[U|S; = s, A = ag].

Definition: Optimal action-value function.

* Q"(s,ap) = mj?X Qr (st ar).

* Whatever policy function 7 is used, the result of taking a; at state s;
cannot be better than Q* (s, a;).

46



Approximate the Q Function

Goal: Win the game (= maximize the total reward.)

Question: If we know Q* (s, a), what is the best action?

* Obviously, the best actionis a* = argmax Q*(s, a).
a

Challenge: We do not know Q*(s, a).

* Solution: Deep Q Network (DQN)
 Use neural network Q (s, a; w) to approximate Q* (s, a).



St+1~P( |5t ag) St+2~D( |St+1, Ae+1) St+3~D( |St42) Ar42)

a; = argmax, Q(s;, a; w) Aryo = argmax, Q(S;.,, a; W)

Qg1 = Aargmaxg Q(Se+1, ;W)
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How to apply TD learning to DQN?

Identity: Ut —_ Rt + y : Ut-l—l'

TD learning for DQN:
* DQN’s output, Q(s;, a,; w), is an estimate of U,.

* DQN’s output, Q(S;.1,a;41; W), is an estimate of U, ;.

* Thus, \Q(Str Ay, W)} ~ (”t + V- Q(Sti1, Apgn; W)}-
| |

Prediction TD target




Train DON using TD learning

* Prediction: Q(s;, a;; w;).

* TD target:

Ve =1 +V - Q(Sy1, Apy1; W)

=71; ty - maxQ(s;y1, a; We).

1
* Loss: Ly = E[Q(St» ;W) — yel°.

. L
* Gradient descent: W, ;1 = W; — & 'a_wt ‘szt.



Temporal Difference (TD) Learning

Algorithm: One iteration of TD learning.

Observe state S; = s; and perform action 4; = a;.
Predict the value: q; = Q(s;, a;; wy).

: : 0 at;
Differentiate the value network: d, = Q(;t‘zt W) ‘w=wt.

Environment provides new state s;, 1 and reward ;.

Compute TD target: y; =1 +y - max Q(S¢41, @; Wy).
a

S A S o

Gradient descent: Wy, =w; —a - (q; — y;) - d;.



T J
Test: Min ZZZWijt

t=1 j=1 i=1

Wit : the waiting time of vehicle i on ramp |
for time t

T=7200, J=7




Result:

25 1 25 -
20 20 1
15 1 15 1
—— fotal rewards — fotal rewards
= maximum_rewards = maximum_rewards
10 + 10 1
51 5 -
0] M A A e Pt 0- AN AN MAPP BN e PN AP PO AP e NP e PP,
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