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Developing Adaptive Traffic Signal Controller based on
Continuous Reinforcment Learning in a Microscopic Traffic
Environment

Mohammad Aslani, Mohammad Saadi Mesgari

Abstract: The daily increase of a number of vehicles in big cities poses a serious challenge to
efficient traffic control. The suitable approach for optimum traffic control should be adaptive in
order to successfully content with the urban traffic that has the dynamic and complex nature. Within
such a context, the major focus of this research is developing a method for adaptive and distributed
traffic signal control based on reinforcement learning (RL). RL as a promising approach for
generating, evaluating, and improving traffic signal decision-making solutions is beneficial and
synergetic. RL-embedded traffic signal controller has the capability to learn through experience by
dynamically interacting with the traffic environment in order to reach its goals. Traffic signal
control often requires dealing with continuous state defined by means of continuous variables.
Conventional RL methods do not scale well to problems with continuous state space or very large
state space because they require storing distinct estimations of each state value in lookup tables. The
contribution of the present research is developing adaptive traffic signal controllers based on
continuous state RL for handling the big state space challenge arises in traffic control. The
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performance of the proposed method is compared with Q-learning and actor-critic and the results

reveal that the proposed method outperforms others.

Keywords: Continuous State Reinforcement Learning, Q-Learning, Actor-Critic, Microscopic

Traffic Control.
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Apply Car-Following Model
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Z—Current zone of the vehicle
TL« Turning lane

V<«Current speed of the vehicle
Vp« Desired speed of the driver
L« Current driving lane

If (Z==1)

V'«-calculate the future speed of the vehicle in the desired driving lane

If (JV'-VD|<|V-VD))

If (there is enough gap in the desired driving lane)

Change the driving lane

Endif
Endif
Endif
If (Z==2)
If (TL<>L)
If (there is enough gap in the desired driving lane)
Change the driving lane
Endif
Endif
Endif
If (Z==3)
If(TL<>L)
If (there is enough gap in the desired driving lane)
Change the driving lane
Elseif
Decrease the speed by using normal deceleration
Endif
Endif
Endif

Lo i o), SIF S

S 3y &K Gl 3 S sa3s l 1) Sildlol & AS o
YO T SEY N E g R (VL N SO PR
O daly oy JolS 5 4 2k 3035 b 5205 “5}?@*’
cnl oo Y] das e Ol 1y G ol s 4y L0 Olis 2als Jute
Ol Ueade a0 bt NHL (gl 35555 oslet N alal
30355 o Uy oI NHL (5055 o Vi cs3loans (b
Al Ol by edily 2S5 0l roeen 5 Sy o8 T N
Jooe X1 (8) 0l 53N sys 5 Jome X (B) < oe 655555
S5 a3V el Tl o 208 Ly 505 55 eI NFL (g5
dsb 8 Sliode I cwl Ojle ol 2ST15 Ol &S Sl
.a:omdmfljdkéj):f@ﬁolm.&:@a&l)l:.x.:f@
s a8 L s )l 0y ol O jee Gaiss ol o
Vir1(t +T) < T byyq + (T? b7 44 (8)
—bpy1[2(xn () — Xp41(8) — Lp)]
=T Vnia () — @)0'5 ©)
» 1S s :U"M‘ g PbE I Glp e 7kl
Ve (8) 5 NHL oo ol Old ST Apyq aaly o)

e T ol ;o NHL g5y 55 Csllas s

4 Minimum Headway

ﬁ:ﬁg&almysgﬂtéxfw,u,)e&bﬁgdh
Sy gt Doy 5 B35 Lt 4y 3)) bt o 4 Sl g bt
2, 3 5555 il S a alies sl 58 o s 1y e
o 4G a4y QUL o i (8 e L5 s OB
Soglime Lot ok g 0kl 05501 4l a5 8T (1 K8 355
Sl Ll 5 Oy o i 05551 4l s (P JSKE) ol
¥l sl (Cln o jeS0np Sily o) fg
FY Al s el 5 bt a0 Ko bt i o35
):\‘A?U):SQJL«SJJl%@\é:ﬁhﬁ-@b.&ié&:ja}ﬁ?\
Moy S 1) 255 oy Lol ouliil) ezl st ) L 0255 )50
(F JS8) das 2alS deaiae Jast 3 Colin (L O3 50
Sygn oS Jaw s oddailyl (G535 cin Jke el 5o
5ok el s s 3l ddhe ol [YA YY) C6 8 15 eslinad
Glacusgions o5, E ys Jyl g Sl otd L85 TOled ol
A 0S5 053 i 5 sl S35 by edddles] s e
Sl ledds sl il Graslles St Odewy sl 55

o)l gan okily S an b ool ol 1 Ol | bl Okt

! Turning lane
2 Deceleration
% Acceleration

Journal of Control, Vol. 11, No. 2, Summer 2017

IAF Olls ¥ oyled V) tlor 287 e



https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.2.4.3
http://joc.kntu.ac.ir/article-1-374-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-27 ]

[ DOR: 20.1001.1.20088345.1396.11.2.4.3 ]

‘o S 58y S (S5 Lama 3 sy Ll 258 (6, 53L 4l pleinly Slaflr diedgr J2S ann s
szi...n Grw dozes ¢ Dol daes

Reward = Y2 Ajx — Lil1 Aiker Sy
s A fbls 4 53555 ol slas W& daly )
bz 3w Ajjrr s K Glos o8 55 blis s e glagys
Gy Bl bl ol KHL b (lf 2 bl s
shaly 5o LOT CudS edasplis & dlesl 3550 Slayissw
313 03lizals s go ol G Olaj (281 altens Colkal 05 g0d 0357
Al pde akasolis o Sl il s Jlesl i 2,8
Ol dsb 53 b ool opl sl (S5 Jases 51 lezaly N
ol s glealy @bty & Gl 51 Lsd Slaosse
Jlsl SIS 4 5L 50 550 SbI Lases 51 (205 458 e
5“8)‘? Sl iyl 1y Lo Calitee il js Calibes
Sl 0 3L gladt 3l s 5 Calies Jlesl sl L g lecaly
bug Low OV-Jlel 5550 L5l 0 55 Olbl s L
Lgh o Sleyison ¥ o) kil
Tile wl p st llj u i | g 58 S5 )
« ok Kewls Tile coding iy, 5 Shas . oslizul cOding
AU 0T b Sl pite 5 5l 1 Tiling 5 s Tile slas
2l G pl 53 gl e 28T Shes a5 ) ol
L;t;,i.x,'@u).uﬁfgs,,,bsLs..u)ﬂ;)},,uaTiling}uaTiIe;;al:sm
(g anrle B tde 4) Lsd o m)yp 5 € Caliee sl
S ol a s plnil ele Ver (gl G Sy S (Sleans
Sl b I3 s gl Sas a8 355 0 8 8 3 5 555
oo Tunsay JHIs & il 5 als ) Lo SISS 4 a8 olaal,
St Sl s 8 wS e Ol |y Jlasl 505 S ST 54
Obe Jslas (5515 4 515 5ok (glecaly laflr i 55 dmes
slpe-greedy s, 5l SleoT ol 53 . ls (gols pe e 5 ColasS!
L s® 6,50 3 Shee o (g mll [10] as oslizal yshte o
ng_.?ab_'cj}df‘j“)}.p)a.(_ﬁwlsjfali 'CJScM;GA)‘jSJ;‘ULaJ
Wl &5 S oo 5 45 S0 Ce e il S S
G 2l 53 S8 5 s e oI S5 4 e 5,500
O Calides Gl oy, a¥sle aslie (gl utoman S O3l vLY il
Lo o SECKM) 55550 2" i Olej daw sio o5 Lasls
by sl buse 5 (SeC/KkM) sy 0 Tlig 0L
3l Sjle 5355 a aw Ole) Jaw e s eslizal (#/VEh/km)
S 3 1) kS S s L oS8 Sl Sl
A Ole) 5355 Sl Mol &7 555 g0 dlonn s cp s 5 Ll
0o Lo gin 358 0 5,8 Kbe bagya s 3lins JS 1 5 ol pns
235035 2 85 Ol g gemea Sl Sl Dol 9y 5 2 sl 5

S bwge Gl Sole sy sl bawge eSS a

! Travel Time
2 Stop Time

Vi (t+T) = Voya (0 + 25 a5 T (1~

Vn+1(0) Vn+1(8)
.02 4
V;1+1(t)) 0.025+ Va1 (® *

5333 30355 Sty paien THT 0lj 55 5555 16 o

Y dayly) Gl Oled 2alS 5 ol 5 -
yimal(t 4+ T) = Min{VA,(t + T), VP, (t + T)} &
Gl eyl Lowg bagyngs Shy s o, S Cwl S5 a ey
JB aals Obs Sl ol ks ST (Lo ST

5 el Bl ol STas (Lo ST Ghss ol 53 s (o i

b oS @38 @l 5 oS @ s p el ks S
ol ol 5 4l adme 2 ¥ 5 (ol oS VY la 1SSl
20 5l ppda e Y iCele STV Slaslas
Lo DBl sl pdone
o S S el gp3 5 6 sl s e
sy S T 5l s Ol e 5 OLLS Slowe o S T (555 5
S o dule 53 Jhedlsen pd e o LOLLS [l
53 0Lk Sl C e S ol e kSN0 g0 5 D
AL LY Slee S ST Gl Card Ol 5 Cslu e glST 70
ol Zolu p ZedSTVY A daly bwg 5050 Colae Lo e
oL Sles S ST Sl Camd Oljn Geliod o) 92 355
3 oS b e S 55 o Kl e a ol Dslate

N P B IR P

V* = min(150,1.2 x 60) = 72 (km/h) W

A al » gl flr dedgn S8 Y-Y
o) ome (S5 Sy gleisly Elar B s g o
ssd 0003y Sl [Ph, Ag, Ag e, Ayl lsp oy 871y (Jaos
alealy Flar ol 6 osled Ph s cpl 53 a8 s edalie |
sl Ag, AgAw dpu.: 4 399 ol slas W
Jee gl dnes WblE 4 3555 SLOLLE 53 Jhme slagys s
G O Sl (63959 {.)lgl:iftgbla‘sfcbu:&élxd‘, slas
Olejoots &G plataly $lzr chass Conds odali Iy il
WE[Ye ¥ ¥ 500 580 5Ve A 5] slie OLa 1) e
Jjudlg;lll?&k;abéﬁ‘ﬁwQb}g\&dlj\.&g..&f@g&:}l
o 3 038 e Sl (580 5,55 0l3) 355 5 s Olej ¢ sazese
S el Jas Calhs Olpe odiasOlis & 1, Al S
§daly by il IS ol bl 3L, 1y Sl Lo

D s B

Journal of Control, Vol. 11, No. 2, Summer 2017

IAF Olls ¥ oyled V) tlor 287 e


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.2.4.3
http://joc.kntu.ac.ir/article-1-374-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-27 ]

[ DOR: 20.1001.1.20088345.1396.11.2.4.3 ]

S 58 S (S5 Lama 3 sy I 258 (6,83 4l pleialy Slaflr diedgr J2S ann s '
ngf...n Grw dozes ¢ Dol daes

ol TiliNg. 22 @) & 0y Gbs b J 587 6,83k slaslases
Tile 55 i3l & & ,Ssb 4;,?@ & 50 JKal dslen . Llotiosls
s e Il S ok 5 Shee OBt Ll Ll 458 05 Oy g

Al 5 o guen 850 JISCEI b 4wl 3 Tile

Number of Tilings = 6
=600
—Two Tiles
===Five Tiles
—Eight Tiles
500

400

Average Travel Time (Sec/Km

300
0 100 200 300 400 500 600 700

Episode
Tiling is g3l & dim s 585 S5k gls I 28 6 8l s pei v IS

A b Y slaTile slaw 4

Number of Tilings =9

=700 o
] —Two Tiles
3 Five Tiles
2 600 ——Eight Tiles
2
=500
4
g
=
© 400 -
=)
<
g
>
< 300
0 100 200 300 400 500 600 700
Episode

STiliNG & G131 4 s 2585 LS5k (sl ) 287 (6 Eol lspei A JSCa
A 50 Y slaTile slaw

ol Tiling € &l & 6,850 lalsges 35 A S o

sl Tile ca (ol 4 ;Esk J 28 & Sl msls ilokiosls
il oS dagh Ol e A GO IS )y bl 3 Shes o 2
Sldas 45T s Al g :ﬂp:ﬁﬂ\fﬁmvj)yﬁ s Tile sluss
Tiling K 51 L St s 40 S 55 . ab YU 55 W Tiling
5 o gralie 3 Shes Tile cotin (6151 4 025 831 352 sukoslizul
VI s bl s ga e S0 TilR K 55,0 bis aows Sl 50 s
J}.\;"SA GL«))})M Tlle u.i.\.g- Ur:‘))‘ J&P—dl:- BLISL] Q)::/\ 9
Vs 3 el e 3 Shes (1l Tile it 151 4 025 S
Ol ol 3550l O 3 Calidee 8L sla J 287 5 Shee Low e
Tile s, Tile coding (X,y) 51 sskie Jgdor ol 53 .lodiosls
oaia S boles .ol Y Tile 5 x Tiling slaw |, coding
LTIING <8l & 28 o e o b Bas OBl Sl
Sl ol s s ls 5 s TINNG &y 2 caw (sl 4 o I 287 o g
0,8 el Cle a b ng;:li o 5 el 6 pdsollanl
i a0 S5 S THIING sl 201531 cpmmen .ot TilING
bl ol okd (6,85 o s sl b6 s S w
GoS ol oy Gl i 45 i 4 b THlING slaws 20530

el w3l 215310 sla el )l sles a5 eskals (BT

S Sl S0 syl e ghS A s gy S glalkdy
by slaslas 05 o b b Jole 2IsL 03,8 r-&{_;\.‘
.:)\:u’i:.w

oW-f

S Sl J 28 5 Sles 3 W Tile 5w Tiling slas
A Gl S s Shee i Gl 5s laly dmes S SG
awlio 5 @l b Tile 5 b TiliNg Caises stie o5l 4 Calisa
Lo ge O S5 53 dish e LOT dig palie Culgnn b Liss e
A 50 X)) Tile Cdies st 5 TIHNG &K sl 0 Lam 0L
S Sl 31 6,83k Gla s ga K& cpl 53 el 0 e3ls LS
wele & Glaoil 53 @SSk 5 S Gl L 0
5 355m) a0l (Bl ) gems bylagel ol pled 53 LledsT ey
el g5l el sdiasOlis rﬁG)}N

600 Number of Tilings = 1

—Two Tiles
Five Tiles
—Eight Tiles|

U
=

= 400

e Travel Time (Sec/Km)

cn
K
5]
>
<< 300
0 100 200 300 400 500 600 700
Episode

STNG & (5151 & sy 2585 S0k (sla J 287 (6, 80k sl pes 0 S
A 50 Y claTile sluws
oles 53 Tile 55 (13l 4 Sk 28 ol asmin o biles
03Ot Llsse 5 Sl (S5 LB, BB b5, gl arls
4 Sl s/u);f Ormed el (6345 Sl g syls 0T 5 Shas
il iiibf Lgbujil.:- shis Tile s = sl
23 T8 53 Ole (5,550 (slasls goi Dl gmimn (33t i
6ok s Shee 65, 5 Tile slaw 5L 36 5o Tile e
ayls

Number of Tilings =3

=600

7z —Two Tiles
3 -+ Five Tiles
3500 ——Eight Tiles
2

400

o

2

=

=

» 300

2n

g

S

2

<

0 100 200 300 400 500 600 700

Episode
STIlING w131 @ 5y o 585 L850 gla ) 287 (6,85l ylsses 5 IS
A 50 slaTile sluws
ﬁ;uﬁ,TiIing M@\}lqj:fgli sla ) xS s Shee & s ys

b Tile slaw 2ul53) ol o o3l 0Lz (A 50 «¥) s Tile Calses

VS sl i S5k 53 sl e 5 BB ST e 4

Journal of Control, Vol. 11, No. 2, Summer 2017

IAF Olls ¥ oyled V) tlor 287 e


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.2.4.3
http://joc.kntu.ac.ir/article-1-374-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-27 ]

[ DOR: 20.1001.1.20088345.1396.11.2.4.3 ]

W S 58y S (S5 Lama 3 sy Ll 258 (6, 53L 4l pleinly Slaflr diedgr J2S ann s
szi...n Grw dozes ¢ Dol daes

ksl 555100 53 W Tiling 5 W Tile Calisea 5lae l3h 4 ;S sk gla J 28 s Slae ow g2 ) Jgit

Ry SECIKM) i 0loj b i (SECIKM) Cad 5 0bej bowsze  HIVEN/KM) a5 55 sl Lo 26
Tile Coding (),Y) FOV2YEVODNN YEY. MV FAF 0. OFE N YY
Tile Coding (1,0) ¥#Y.44%5.vF YVF.AOES.OV F.XPFE 0¥
Tile Coding (V,A) Ye2. ALY, VS Yva.ty.ov F¥AE VY
Tile Coding (¥,v) F10.FYEIV.FY FYV.YEEVY. Y F.445+. .10
Tile Coding (v,0) FY L VEEFLFY YYF.YALE. YA FAAPE L FY
Tile Coding (v,A) IV VED. VO Yyevato. s FAFPE P
Tile Coding (#,v) FYO. YHVANY YYeVEEIAVY 0104+ \0A
Tile Coding (£,0) FYY.SYED.AD YFS.AYED.Y: F.Ya8E. . 0F
Tile Coding (#,A) Y4V E8.08 YYY.F S FASYE. L o¥
Tile Coding (4,Y) FVF. 0T FAF.FVEYY. b7t \ay
Tile Coding (4,0) YOY.£5ES .4 Y£0.08%8.Y) FEVYE S
Tile Coding (4,A) YYF. FEF.FYF YYV.2VEE. Y FAA Y

ot O eSSyl Y oclalisd SL T el s

s ga 0L 1) S Sl 3@ e plnil 25 Q(s5,8) 5 &,
ot 3 Q S5l s Sl S 3k s e 5 L g
S sl Shae Sy ks OBl ) 5088l 4 G
SX50TL Jolo & gl &8 as cp b <l ON-pOliCY 55,
ol 3 [YA] el (S 50 e 15 OT 350 oS sl L LS o
Slp o s Sl sl o Gl sl bt la 05,8 sL g,
ol Sl 683l ) cal 03 s 8 8 5 > 55,0 ml
IOl g e L 5 Dl e 2551wl kb JICNIEe
VoW Lals, b sl Shee b, o oo Calithes slacdl>

b s Sa0%
V(s) « V(s) + a[resq + YV(se1) — V(s)]err1(s)
\y)
ye(s) ,if s # s;
= < <
et+1(S) {Ylet(s) + 1 ,lf s = StO = Y!)\ = 1
\Y)

ACagiss 557 Shoe 53 6,55k #5000 51 Ll )

5 bl il 5l sl el glacdle 5 s st Ol

3 ST o S e A Lo Sl (Sl
Ldd Ol AD 58 el e g4 Sles 3 4

Tiling (151 & b J 287 o 2 slne 51 ol ol amlin b e

o e b THING slaw 21530 &7 55i 0 et Caliies ol

Blou 31 ol 0k Glme 51 O3l i) (6,8 5L Sl5 505 Slilu g jials”

«lyls Tile Coding(® 5 A) ol , 85k 28 o Ses Low s

SN bl Sl IS Sl S Olait e Sl s s Shee oy e
sl 5 Ses o e o1l Tile Coding @

R ol 9 Com -0

23 b o i) s S 248 6,55 S,

Al Aitee Slidos 53 & dzes plaaly Saflz pdy G35 J 25
(S i el glaten idu ol 3 ilacd 8518 eslizal 3550 [V
5 leesly V1] end Dl sl Shes 5 Q 6,850 sy 5
G50 S Q Sl ey Hs alie (o3lgiy iy b OT =k
AS o (S5 0T L& aulw & sme p <l OFf-policy
Q CU L;;:LL Sl il Sglie das 0 3 g AadTb&;M‘ugM
4 <S,A> 795 &K 0T w2 &5 58 oslizal S 51 015 o0
Wl 0331 s 4 Q Aly lis G LS sL S Sl o B ol en
Vool il Q (6,85 L3 Sl IV 3551 Slyssss o

.&-;-0“

Q(s,a) « Q(s,a) + a[r + ymax,, Q(s',a") —
Q(s,a)] ")

Journal of Control, Vol. 11, No. 2, Summer 2017

IAF Olls ¥ oyled V) tlor 287 e


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.2.4.3
http://joc.kntu.ac.ir/article-1-374-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-27 ]

[ DOR: 20.1001.1.20088345.1396.11.2.4.3 ]

S 58 S (S5 Lama 3 sy I 258 (6,83 4l pleialy Slaflr diedgr J2S ann s A
ngi...n Grw dozes ¢ Dol daes

&wﬁdbgjuumfeﬁ.Y Jgd

Les SV (gdb) e OVl sldas Q Jyuts slal
Jsl 635, OLLs {6-Y —¥o-0.—50} 4
£33 (53355 ObLs {0-Y -vo-0.-50} 4
oo §3355 OLLS {6-Y —¥o-0.—50} 4 FXEXGXEXEXA
eoler 33,5 0Ll {o-v.-vo-o.-s0} 7
56 Yy v ¥} ¥

oy [2als (ol Ly Sl Hlex sy a sl ;&YT
St s Sl 0dsad i )3 Lol g b S o 5 kB 21
3 NO €CO) laoduNT W 5 Ol s 5 Ct g (8 poze Ol jas Il 2
bl Sl Jsb 53 sk G Ve D pen (HC
5 et VT Oljoe lei oo (b 8 )3 &8 Blae 5 50355 2 s e
5 g e Ol Vo S [P0 ] s o deslons S s U3 ez
Q S5k mr SIS lp 1y e Gl ¥T sl
e Q 5 e S5 e s S e s Ss

—~450

g Actor-Critic
=] f ---Q-Leaming

g 400 Continuous State Q-Learning
22)

:&_’ 350
£300
w

o

2250

& 28

S
z

" 200

0 100 200 300 400 500 600 700
Episode
Actor-Critic
---Q-Learning
Continuous State Q-Learning|
100 200 300 400 500 600 700
Episode

Actor-Critic
---Q-Learning
Continuous State Q-Learning

&
n

4
0 100 200 300 400 500 600 700

Episode

bwfjil.a&)Q‘sﬁfb‘f‘jj)jbl{éb%‘}:})éﬁo&wuﬁ.*p

Average Number of Stops (Sec/Km)

Sas 53 Jos o Dbl Gl Jlas 058 Cand b5 035 Sa i
plowl Calien (slaolej 55 P(Spay) als b ol baw g Ll oo
O alaly) 548
P(s,a) « P(s,a) + B[reeq + YV(See1) —
V(solews1(s) ()
St 5lie oSG shls 503 08 b bl BT da )
Gl s oV (il e 4 3L Sy 5 ol b (1Y)
A e SLOLLE 5o s s Slagadle Sl skl ol 6l
PSP WIFCIN 2 G PRESHA1N s
LS| ole sl (6515 g €-greedy col I pioman
GS3b b 53 Lt S pots €l T A o3l ()l o e
2 e sl ) xS s Shese 4 JS.‘» Al Sl ae B A )
i S5 e bl el S sl See 5 Q 6,85
L gie jlre 4w s (Tile CodiNg( 5A)) s I Q (6,850

Al oo e Lo ad 5 sl Jaw g0 9 (08 55 Ol o g2 i Ol

Gl ealgiin i) Gl Lakie 4 S8 1 &S bl
a5 Slae Lo o 5385 G5 sk el (55 5 Shee
i Ola Lo sta slme d ulul y olgsl 35501 00 3 L8 sL J xS
Ol ¥ Jod 5 by sluw buwge 3 (5 Ob) Loy
LS5l S S eslizal Sl akie b0l diledbesls
53 Slae J 28U amlia 53 i 0L3 TP 35 40 e (530630
el 02 Q L85l S8 b a3 ke O3 T 35
s 56 Ol 51 s msee 555 03,57 oalp ) shates
ool VT st 5 (11E) oty 5 e Ole c glaal) Bl J 28
o el L sla S xS ol (Kg) NOy 5 HC .CO
gn Ol LI 30 (s i ol 3l s Lips e
Gt 53 Sl el 5 ol S0l S5

s o e Ol el e S K s S

IStep-Size

Journal of Control, Vol. 11, No. 2, Summer 2017

IAF Olls ¥ oyled V) tlor 287 e


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.2.4.3
http://joc.kntu.ac.ir/article-1-374-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-27 ]

[ DOR: 20.1001.1.20088345.1396.11.2.4.3 ]

V4 S 58y S (S5 Lama 3 sy Ll 258 (6, 53L 4l pleinly Slaflr diedgr J2S ann s
szi...A Grw dozes ¢ Dol daes

s Klas 5 Q o, 8L sy 55 b @olgiden oa) amlin ¥ gl

s o Obey Lo g2 a8 5 Ol Low 50 s ¢ sl Lo g2
(sec/km) (sec/km) (#/veh/km)
sl Slas FVV. 4D, Y YAS.44D. Y FFYE L p
Qu,Ssl FOFFVEA. O YVEYTEV.VA F.¥AL .04
solgtin Lbs) FIV.AVED.VO Y Va£0.9 F.A0E: . FA
23 &gy Sy s
P 10.4 Yo ¥ 5.\
:LEJ—)Q“; b 4w lae
23 eolgiiy s
B Y.y V9.0 o.f
Qu,Sskbanlis
200
-~ Actor-Critic

4 NOy s HC CO i ) ke Jsur ol jo col S5 4 Y
Celo o 5 0tsd 5 NOy s HC (CO 0 VT Lo 20 0l 50 o5 5
5 (Gran L Ui fsazme Sl jadeia S ysboles .l
ol 4 ea g (B8 Wy sl 6,85k sk 55 il (slaetu VT
0T ods &5 5 plaaly SWaglar Sk sdasdlis § s 50
slobas ples bl 3 3lgiiy J 287 pomen Sl atgy ol
.g;.wlL;J:ﬁ:ﬂ“;&l)\:‘;xi\ﬁ)mlj&yg}wblﬂ

23 3k JAS we ol s Shas Lo gie a8 b5l 5 slate
Llodiosls QL F Jgdr 55 G asbns ool olgsl 55501 00
@ﬁuéatg;jﬁxf:li)jzfj\ o3kl Conl eseie oS Hsboles
awwlie 55 NOy odo T HLasl 7Y 5 St g (9 mme Oljos V0 350
Sl TAY 5 S g O3 pae Oljes JA 35 5 sl Shee J xS L
ool 043 Q 85k J S L 4o 53 NOy s, NT

S g5 xS —F

dsa bl bt b5 Gleely 5 (b

b e Al e 5 esle (S5 sle Sty 5 ULy
Sy 3y U5 (28 683k el glessly Elz sl I 28
BRI ol S Calee Lol b 1y OT (g Callenst
Tile b 05 o bl 5 (258 Sl J 25 G o
02t Gleesly 5 (b olasly Fla JEST ke Coding
e ol 3 5 gn o3l el g Sl ey Il 25 S0l
ples 5551 035 e B 1y Jole S 258 5, Sk N S
ol 5 I s (S5 a e 2 4 651 Jlesl- OV L Y-
wlie sVl Lo b o Cals g3) i Jos—Sle oS
Sl Bl Fand ea a4 Loes 5Ll 53 an a5 55 0 03] (eSS

2y el 5K ea 4 s LOT

---Q-Learning
Continuous State Q-Learning

140
120
0 100 200 300 400 500 600 700
Episode
1400
Actor-Critic
---Q-Learning

Continuous State Q-Learning

1200

S |
= 1100}
°
#1000
900 ‘
800 L 1 3 1 1 1 1
0 100 200 300 400 500 600 700
Episode
=== Actor-Critic
---Q-Learning
|—Continuous State Q-Learning
C)
4
>
Qo
Z25 \
| | |
0 100 200 300 400 500 600 700
Episode
18
/ Actor-Critic

---Q-Learning
Continuous State Q-Learning

10

0 100 200 300 400 500 600 700
Episode

;LEJ—;LJ}QLgﬁf:lijjjjzleézwjjjbﬂwww.h Jg.b

ST 5 s g 5 e Ol s sl s b

Journal of Control, Vol. 11, No. 2, Summer 2017

IAF Olls ¥ oyled V) tlor 287 e


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.2.4.3
http://joc.kntu.ac.ir/article-1-374-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-27 ]

[ DOR: 20.1001.1.20088345.1396.11.2.4.3 ]

S s S (S5 Lo 53 sy o 2585 (5,85 0 pleialy Slaflr dadin J5S ane s

ngiﬂ.név\mm;@wlw

s Klas 5 Q o, 5L sy 55 b @olgiden os) amslin F oot

ry o (|:<O HkC NkOX
(It) cela 2 55 (kg) (kg) (kg)
i Slae V) VEFY VS VESF Y4408 Y.OTE A
Qu,Ss\ YO AVEYY RS VY0t Fe YEVE A
3l b, YorodYF 1YV.AYY RETRZ! Y.XYE 6
awslie 53 (galgiiny iy 3.
3 4.9 VYA ¥4 11.4
sl s b
Al )5 (o3lgihy sy 50 .
B A Vo s \Y.Y Rs
Qs SsLtL

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

K.-H. Chao, R.-H. Lee, and M.-H. Wang, "An
Intelligent Traffic Light Control Based on
Extension Neural Network," KES '08
Proceedings of the 12th international conference
on Knowledge-Based Intelligent Information and
Engineering Systems, Part I, I. Lovrek, R. J.
Howlett, and L. C. Jain (eds), Springer ,Berlin,
Heidelberg, pp. 17-24, 2008.

S. El-Tantawy, B. Abdulhai, and H.
Abdelgawad, "Design of  Reinforcement
Learning Parameters for Seamless Application of
Adaptive Traffic Signal Control,” Journal of
Intelligent Transportation Systems: Technology ,
Planning, and Operations vol. 18, no. 3, pp. 227-
245, 2014.

M. Abdoos, N. Mozayani, and A. L. C. Bazzan,
"Traffic Light Control in Non-stationary
Environments based on MultiAgent Q-learning,"
14th  International IEEE Conference on
Intelligent Transportation Systems, Washington,
DC, USA, pp. 1580-1585, 2011.

C. Jacob and B. Abdulhai, "Automated Adaptive
Traffic Corridor Control Using Reinforcement
Learning: Approach and Case Studies,"
Transportation Research Record: Journal of the
Transportation Research Board, vol. 1959, no. 1,
pp. 1-8, 2006.

R. S. Sutton and A. G. Barto, Reinforcement
Learning: An Introduction. MIT  Press,
Cambridge, 1998.

L. P. Kaelbling, M. L. Littman, and A. W.
Moore, "Reinforcement Learning: A Survey,"
Journal of Artifcial Intelligence Research, vol. 4,
pp. 237-285, 1996.

B. Abdulhai and L. Kattan, "Reinforcement
learning: Introduction to theory and potential for
transport applications,” Canadian Journal of Civil
Engineering, vol. 30, no. 6, pp. 981-991, 2003.

R. P. Roess, E. S. Prassas, and W. R. McShane,
Traffic Engineering. Pearson Higher Education,
New Jersey, 2010.

S8 55 5 Shes (i liel Hgte G ul 55 romes
el I ;LE—JKL.;&}Q &Sl Sy 9o b ag Sl
S ppty s gy Ll 2355 (58 3 45 s> 0L gl 5 b Ay lie

[1]

(2]

(3]

[4]

(5]

-@‘6}-@{3&“&6‘)‘3

&y

A. Stevanovic, J. Stevanovic, K. Zhang, and S.
Batterman, "Optimizing traffic control to reduce
fuel consumption and vehicular emissions:
Integrated approach with VISSIM, CMEM, and
VISGAOST," Transportation Research Record:
Journal of the Transportation Research Board,
vol. 2128, no. 2128, pp. 105-113, 2009.

S. F. Smith, G. J. Barlow, X.-F. Xie, and Z. B.
Rubinstein, "Smart Urban Signal Networks:
Initial Application of the SURTRAC Adaptive
Traffic Signal Control System," Proceedings of
the Twenty-Third International Conference on
Automated Planning and Scheduling, Rome,
Italy, pp. 434-442, 2013.

M. C. Choy, D. Srinivasan, and R. L. Cheu,
"Cooperative, hybrid agent architecture for real-
time traffic signal control," IEEE Transactions on
Systems, Man, and Cybernetics - Part A:
Systems and Humans, vol. 33, no. 5, pp. 597-
607, 2003.

P. G. Balaji and D. Srinivasan, "Type-2 fuzzy
logic based urban traffic management,”
Engineering  Applications  of  Artificial
Intelligence, vol. 24, no. 1, pp. 12-22, 2011.

D. Srinivasan, M. C. Choy, and R. L. Cheu,
"Neural Networks for Real-Time Traffic Signal
Control,” IEEE Transactions on Intelligent
Transportation Systems, vol. 7, no. 3, pp. 261-
272, 2006.

Journal of Control, Vol. 11, No. 2, Summer 2017

IAF Olls ¥ oyled V) tlor 287 e


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.2.4.3
http://joc.kntu.ac.ir/article-1-374-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-27 ]

[ DOR: 20.1001.1.20088345.1396.11.2.4.3 ]

ARl

S 58y S (S5 Lama 3 sy Ll 258 (6, 53L 4l pleinly Slaflr diedgr J2S ann s
L;J,f...n Grw dozes ¢ Dol daes

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

C. Szepesvari, Algorithms for Reinforcement
Learning. Morgan & Claypool Publishers, 2010.

L. Busoniu, R. Babuska, B. D. Schutter, and D.
Ernst, Reinforcement Learning and Dynamic
Programming Using Function Approximators.
CRC Press, Florida, 2010.

J. S. Albus, "A New Approach to Manipulator
Control: the Cerebellar Model Articulation
Controller (CMAC)," Journal of Dynamic
Systems, Measurement, and Control, vol. 97, pp.
220-227, 1975.

A. Kesting, M. Treiber, and D. Helbing, "General
Lane-Changing Model MOBIL for Car-
Following Models,” Transportation Research
Record: Journal of the Transportation Research
Board, vol. 1999, pp. 86-94, 2004.

J. Casas, J. L. Ferrer, D. Garcia, J. Perarnau, and
A. Torday, "Traffic Simulation with Aimsun,”
Fundamentals of Traffic Simulation, J. Barcelo
(ed), Springer New York, New York, NY, pp.
173-232, 2010.

P. G. Gipps, "A behavioural car-following model
for computer simulation,”  Transportation
Research Part B: Methodological, vol. 15, no. 2,
pp. 105-111, 1981.

P. G. Gipps, "Multsim: a model for simulating
vehicular traffic on multi-lane arterial roads,"”
Mathematics and Computers in Simulation, vol.
28, no. 4, pp. 291-295, 1986.

I. Grondman, L. Busoniu, G. A. D. Lopes, and R.
Babuska, "A  Survey of  Actor-Critic
Reinforcement Learning: Standard and Natural
Policy Gradients,” IEEE Transactions on
Systems, Man, and Cybernetics, Part C
(Applications and Reviews), vol. 42, no. 6, pp.
1291-1307, 2012.

AIMSUN, "Microsimulator and Mesosimulator
in Aimsun 6 User’s Manual," 2009.

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

K. Wen, S. Qu, and Y. Zhang, "A stochastic
adaptive  control  model  for isolated
intersections," IEEE International Conference on
Robotics and Biomimetics, ROBIO 2007, pp.
2256-2260, 2007.

S. El-Tantawy and B. Abdulhai, "An agent-based
learning towards decentralized and coordinated
traffic signal control,” 13th International IEEE
Conference on Intelligent  Transportation
Systems (ITSC), pp. 665-670, 2010.

J. C. Medina, A. Hajbabaie, and R. F. Benekohal,
"Arterial traffic control using reinforcement
learning agents and information from adjacent
intersections in the state and reward structure,”
13th International |EEE Conference on
Intelligent  Transportation Systems (ITSC),
Funchal, 2010.

M. Abdoos, N. Mozayani, and A. L. C. Bazzan,
"Holonic multi-agent system for traffic signals
control,” Engineering Applications of Artificial
Intelligence, vol. 26, no. 5-6, pp. 1575-1587,
2013.

M. Wiering, "Multi-agent reinforcement learning
for traffic light control,” 17th International
Conference on Machine Learning, Stanford, CA,
pp. 1151-1158, 2000.

M. Wiering, J. Vreeken, J. V. Veenen, and A.
Koopman, "Simulation and optimization of
traffic in a city,” IEEE Intelligent Vehicles
symposium, pp. 453 - 458, 2004.

M. A. Khamis and W. Gomaa, "Adaptive multi-
objective reinforcement learning with hybrid
exploration for traffic signal control based on
cooperative multi-agent framework,"
Engineering  Applications  of  Atrtificial
Intelligence, vol. 29, pp. 134-151, 2014.

M. Abdoos, N. Mozayani, and A. L. C. Bazzan,
"Hierarchical control of traffic signals using Q-
learning with tile coding,” Applied Intelligence,
vol. 40, no. 2, pp. 201-213, 2014.

Journal of Control, Vol. 11, No. 2, Summer 2017

IAF Olls ¥ oyled V) tlor 287 e


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.2.4.3
http://joc.kntu.ac.ir/article-1-374-fa.html
http://www.tcpdf.org

