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Abstract: This work presents a new framework for urban traffic flow control based on the real time calculus (RTC) method. The
queuing behavior of the traffic flow is transformed into an arrival curve, and the capacity of the intersection is characterized by a service
curve. According to different signal control strategies, the service and arrival curves at an intersection are used to calculate the outgoing
arrival curve. This result curve at each intersection is further integrated with the curves at the adjacent intersections, which finally exhibits
the RTC model of the whole traffic network. The presented model can evaluate the bounds of the delay D of a vehicle and the backlog B
of an intersection. The experiments are settled on the urban girds, and reveal the changing trend of the congestion factors D and B that are
under fixed-time and adapted control strategies respectively. This is followed by a discussion of how this modeling method helps to

estimate the effect of different signal control strategies.

» FEGIUH: B A ARHEIEE(61300022, 61300194, 61472072); [F 5 AL A 7T & i 11 411(973)(2014CB360509); R %
FEARFHINE S 27 (N130423007); A4 AR R 15 4 56 42 (F2013501048)

Foundation item: National Natural Science Foundation of China (61300022, 61300194, 61472072); National Grand Fundamental
Research Program of China (973) (2014CB360509); Fundamental Research Funds for the Central Universities (N130423007); the Natural
Science Foundation for Young Scholars of Hebei Province of China (F2013501048)

WCREI ) 2015-07-13; & ek [i]: 2015-10-20; AT F): 2015-11-27; jos 74k Hi MR ): 2016-01-05

CNKI M 284056 i fi: 2016-01-05 16:39:46, http://www.cnki.net/kcms/detail/11.2560.TP.20160105.1639.003.html

© R

BREKEHIFSENT  httpy/ www. jos. org. cn




528 Journal of Software ¥4 % ¥ Vol.27, No.3, March 2016

Key words: real time calculus; urban traffic network; traffic signal control; congestion factor

PRI 117 A28 0 45 2 LA o S5 IR PR RAS ff o P 1) 52 2% R U A A T 19 4% o B0 Ak 22 1R A S it 11 0 i
AHIE 25 A B AT KT 18 92 I 428 A 5 L ) S C 4 3 7 P90 28 v (V)3 AT RS k7l A8 38 R e 1 T AR Y 5 7R 221
) 2 0 A o 428 1l s A O PR AT R R AU, Sl 7 A 3 ) 2% 428 ) 3R 8 TR B N7 01 6 i 5 A A S A 4 il v
IR T 5 SR 0 45 4 il A A A 1) 5 5 VP A L DS ASE 2 TRT (0 7 350K, 24 WU (K0 BIF 0T 9 S Oy v R
M7 12 77 THI P,

AROWR FE Ly ¥ 0 A T ) 45 o A 0 2 3 A Dl S /A A 9 30 T 4 A 0 R ) (1 SR B AT A A
(R G5 B2 BT T E BB (cell automata, fEi R CA)AE %I ZEANAAT A (2 SO B R 28 CA BEAY o,
TE % A B LG O 2 o I, A o IR R SRV B A TR, TR 1) (1 DG IR ANR) BR T 408 1) W e i 2 T A (1
FRZANHEEATER . B () CA B 57 (0 BRI 7P IR DG R n . 2 4E M %
A8 X4 5T Z B B0 SCHRIS 1R BRA TR AS S (R 2 4 [0 AT Dby 8 37 CA B A SCHR[618F 5T 1 XA 773 I 4% 2 A
A X DA ERAT h SCHER[718R T RS E R ER AT A 1Y) CA BB SCER[8IWFIT T % 1& N 2 R4 1M 2 %18
CA BB SCHR[91 H CA A8 X IR G A8l it A7 07 B R LL CA S AR IR AOM AR 28 R 08 0 ST AR 4L) 512 s A2 T
it L IX SR H DR T S AR 5 B, AN 3 A RIS 1) A 308 T 248 S A5E. ) A1 7 S B I FH v AS R T 5 3R 451 4
ZETR A7 B T A SN SR I A C A AR RS PR 23 g S s £ 07 B, 1T AR M P T A A 428 ) SRS 170 512
I il s S5 AP

ST AN ) e WA 7 90 A T S DL 30 7 A T 500) 2, 0 e AN HEAS 38 117 A 30 28 56 ) 4 J) L RORS
TR 5 5 1 S 1 Py [RIAT R AT A, B b R AR R (K2 Petri W A5 281210100 g (g A OV 3 vl
AT P 45 AR B R G, LA I R 4 B kb IR AT T R G0 1 B HCIRAS B T Petrd M43 30k R ARG 5
s S s 2t T S S AR R S S B Petrd XA TR 4 TV SRE SR A % IR A e Y 3K A 45 3 A 4 1 i 11
3 AP RS o SR W A 5 T AR A5 S DR g S AT 2 2 44 i 8 OB TR AT 3 28 ot B 2R U R A A i S A I
W B FR G, Joc 24 LI T A ) 44 1R £ Petr AR (1) SRR 13 FE O Ak 3 g R ) G 2 3 B B D £ AR,
AN B 5 455 1l SFE W (1 120 T A8 2 o gl A T A ) 28 18 ol R LIV S Petri AR 35 T A B AR AL AT
(RIA 5 45 T Mgt , S0 P 6% v 0 7 20 1) AT B 03 SCR[3 1K 4R IR @ BN TR 5 1 4 5 75 R St (mixed logical
dynamical system, & #% MLDS), 45 & 3 £ 3 26 2 BRI 77 76065 5 33 I S ms B AT D0 A6 SCHR (2138 HH H IE 48 Petri Y
BT SR 200 I 2R 55 SCHIR[3, 1311 L AEAH B, SCHR[2] 1A L R 88 Ak BR BE AL AR AR IR A3 . LA LT 9T 57 Petri PSS 7Y
(1) B IR 1) 3R AR A (W AZ A A5 5 5 SR Petri PRI 1) 0 — AN B IR 2, 0 UE 45 2 A7 5 #5515 1) 1F 7
AEUTOD ORI 14,1514 37 T XUAT 184S T A7 5 5 B 0 (1) A0 ) I i) Petri BRSSO UE T R Geim ik . T3 MERIEAE 81
VRS OCBE I T 53 40, SCHR[ 163 T TAE B g 7. T ATWAE B SS RGN XML Petri A2, 355045 5L
JIR 55 BRI T 4 AT T 43 B R DA

DL 5T 22 A8 B 8 v Rk 25 R B AV I A 45 TR Uy 2 %) A 3 19 48 JEAT S R R 8 A3 BT 3K LU 9T BE A TR i Hi
00 ) L S AT T8 05 (1) AN i 5 P, BIAR 2 AN SIZ T 2R 8 B 1) A R0 A8 ) 48 1 BEREAT VR AL 4 T A T R 445 5 %
Tl 2R 4 2 ML P S IR R 48 0 4% P IR ZE 3 W) 1 2 SN AT 45 70 T8 % E B HURE I, I 7628 S H S5 Rl AT A 2.
A X 1 R] A 2 AR AT T 5 R W, B A AT P R BRI 20 TE . SE I R AR AL B R G
AN e PRI, 78 4 2% B O 2RV AT R RE (0 RSSO0, DG O AR SRS D0 AS 38 I 2% M e T SR AR A2 1)
2N,

A SN SIS BRI A1 1, N 52 IR B (real-time caleulus, A% RTC)EE 190 i 117 28 18 W 2% 455 5 F5 R
GEHEAT SR ST B HT. 0 50 T B AN S8 7 AR T R R A A R SE AT 45 R0, B RTC A AN IR Bt
ONAE S TR 2 0 3032 0 5 F 0 g A S 1 A A Sy B 58 I 2 B AN [ 4 o 48 1 SRS, T SR 1 B U i 24
F T 2R3 B3 1 2 5 11 25 A, RIT; 2 0 it ol 28 R0 ) g B 08 Mt 2 s fo 4 A8 Y 4% P I A A S 1 R R SRS
A% 1 7 e it 2 R I Ui TR A 3 00K o, s S Ak T A R 4 A S A R GEIK RTC Y.

© P EBEABRFUFET  hitpa/ www. jos. org. cn



IR FORT B W AAE T 5% R S ed TR AR 529

54 G A Ll AR SORE R (R RF €54 01T 1 (1) 3 d /N I AR BB 8 25k 7 3 ol 4 00 0 00 ot e AT 31
S BERS A7 280RE G H A AR (10 Petri 0 ) FP 3 A £ KR 2523 TR AR A 1) L5 (2) 5 HE 29052, AR SO R i
{5 S WA 5 KT ) 28 46 Ak B O 249 () 8 0 AE 45 R £ 5 P 1 SRS 1K) 2% 1R, AR SRR X A2 38 199 0% Y e 14 1 2K
TR HEAT RS T VP Al S0 4% 4E TR AR B 10 T 28 0 O 10 e T W S 38 5 — R A e 1 b 97 11 s R AU
L IX P IARAR 5 AL 20005 S AT 5 1 AR GE A T e S IR AT AR DL B BENS Ik B IR d e Mk E, N VP A A TEAR S 45 1
SR (KI5 B2 0L T 110 2 2% 148 SC g U 3 5 50 4 % 7 A v A A A 2 G AR A R A 4 U
3 1 42 o P22V 1 A A R, VS A 5 A A T o 4% G A 2 560 IR 0 d A i 2 O B K A 5
SRR S 2 A A8 T AR () — S ) AT I8, SRAT I R A % L o AR 1 I A A Rk A
R D) 240 DA 3% A8 T LB A 1 PR R A R B S

AT 1S S I S B TR 5 AN SO SR A T A SCLE0 2 1 R Sl i A T 199 2% (1) RTC B 55 3 4
J% HY RTC BE& SEHLE AT E GG I (A5 5 AT 42 0 SR 55 4 1545 Hh SEIG Je AT JF 045 5 AT 32 1) R e b AT PR RE VR A
te o A2 E ARG

1 SEREREMHFEX

S I ¥ (RTC) S 199 208 358 5 I ok 7 PR A8 g 47 P U171, 75 o o ) 0 B 0 S A2 dpe /D I AR i 21 5 3 1
RASHLAG] W IR 5] [ B 0 76 A 36 0E 5 A0 B RTC 5 1k e A3 20088 SR 245 23 i) e ) JL UL RTC W T AR A
it £ 249 SIS 2R 58 1D S5 BORT YRR AT AR, v SRR A S R DG I SR A P R VR 1) 45 RTC 21 i £ 2% i il 3ot % Y
A28 BIAT hy 30 PR 2% R GE (kBB R SRk AT A0 M A5 B ST RTC A 5 B9 G 39 S RN — R B4,
T2 2 A o S A T U D 8 o S AN A N S T I 3802k gl 2 R R i 4 LA R A SR 0 A B AR X
S 1T AN 1.2 58520 0 IR 1 20T 2 R % T I Ak B R S T U5 T A 4 RTC IRIAH DG B i
1.1 BiAmEmE R

RTC i 2 37 55 B A 28 ok 200 1m) 52 14T 45 10008 Ah B 38 (R0 4T D 5 I AR A0E 1l 2 ok =500 A0 /T Ak
2 R VR ) N ) B, e S R

EX V(BRI L), 4558 N B [5,0),R[s,6) % 7 7L [5,£) A B3 40 T8 (AR 5550 o Bl o 43 50 5 LI B [5,0) %
T (P B34 T 28 1 b SR 5 L AN 28 3K Vs<t, o (1-5) S R[s,0) < o (1—5) 45 7k 1, 0 (0)=/(0)=0.

TENX 2CRTRB )M 252 I 0] BE[5,1), CLs,0) 48 7% BT b B 88 08 Y5 I BE [s,0) A BB 408 A0 B 58 Bl PO AT 45 % B¢
HG 35305 SUIS BE[s,0) I 16 (10 98 950 22 0 b S0 1 8, L0 2 AN 25 30V s<t, B (1) < R[s5,0) < B'(t—s). B R 1, 5(0)=
£(0)=0.

HT A b5 ST 156 TAT 3 1E 5 A, o (A) R o/ (A) 53 53 7 BT AT K FE by AV B BE P 1038 14 5 22 s /D AT 4550
[FIEE, B AR B (A) 53 53 28 75 T A K E A ARG I BE Py B A7 Kb % 5 51 f 1 A T 5 1l (10 5% 22 B A AT 45 . o i (8
T, A SR o1 B4 59) T 103 1 24 1t 46 18 (o, &) RN B, 8).

B 123K 2k B 7R B W B 1) BToR, H i E ROR BIE AL BB AT 55 1751, oS3 1) E S N 210K #2618 1(a)
O BRE T 4=, 1,2(5 R, K F 0 19/NE B I, 2IIE 128 o) IUE. Y A=ef ST 5 E 5 50,1 T BLA
WEZE 1 AMES s AT S5, R X6 N 31125 1 26 ol /2 o' (e)=1 F1d/()=0.244=1 I I 7] BE AW (05 1)
5 22 R /D IOAT 45 5050 590 2 R 0,0F o (1)=2 Rl (1)=0, 1 B 1(a) B 7. [ B8 RE WL 8¢ E 51 5 41,0 (2)=3 Fl
d()=1.

B 2: B 1(b)4h H T BE U5 il £ (¥ 7 8], 36 v R SR 7 A BT YR BT ) A 1 43, S B3R T ) R UL B R
Xof I (107 0 9050 I v 300, T P R SRR R 4 AN B )BT H I — ORI R 4, BRERR 4 ANBS TR BT R 1R R
i) B AT B R 50 53 A0 GBI GE R ] 0] TR AN I [ BE AN 5 B 1575 D0 7 A A 8 SR RS 4 o7 75 B 43 i — A ]
JEV U8 S B A T SRR B (A)= 1+ V4 L B R B AN J 0T P9 e 2 A 8 S — A B T 86 70 3 TS T 8
IR, AP BT U550 (=L ara | 5K, B ()R B (AR T R AR A 22 1, 50118 1) 7.

© P EBEABRFUFET  hitpa/ www. jos. org. cn



530 Journal of Sofiware 4% %k Vol.27, No.3, March 2016

R I
t

3 —

27 I

1

: 4
4 8 12
(a) Sk i bty 77 (b) 0 2k 0 7%

Fig.1 Examples of the arrival and resource curves
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Fig.4 Combined arrival flow curve is decomposed in an intersection
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Fig.5 Capacity of an intersection is modeled as a service curve
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Fig.6 Models of the two-phase transition
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AN AT EAT 4 283812 SRR ZE R 2 2B K BAR TR bR A FRTE LR 1.4 6(c)RTEL 6(d)FT s AH AT
1 BRYE B EH T A6 17 23 { ons, oo o R A 1) 25308 { o, sy st Y E 75 B, 4290 s, oy s 1 asg 1T TR) ) L 524
FH % B8R B, T AS R AR 5 AR, ans Al atsy, LA T arss T oy, 3K IS R 300 A0 25 SR AR 3 5, 06 200 LS 4 o5 F 98 U By
FABNH AL 2 FEUE By A FH T AR 100 00 { s, s o FIT Y 1) 2R3 { s, @twrs @} - T U @i, g, s FH oy 1 TG
Ph 5, TS 15 By 2 s il s, AR arss ey €68 FH 5051 By I T b 5, 75 T o W66 B
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ay = MIX (o, g, +0pg) (29)
ag = MIX (ays, ap + ayg) (30)
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2)  FE I EATER I s FIRE T AR ay, iﬁf’\ﬁﬂ‘%‘é‘ﬁ: al, = MIX (s, k) -

ARG~ A K (32) 5 A N(29)H FAL ) 45 4, B AE A T3¢
2.3 WHRIBEMEHIRELIER
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SRAME IR 3 N { o), @i, (i), aow (@)} R {0, ), G ), ey (G )02 (i ), DY Ferbap(iy) I AN D 5 1) i3
AN R BIE SR o) (@, ) N TG 3 ) D J7 1 i 4 o 42, B, D a4 A2 9 (D e {N,S,E,W ). 6 T i
IAN TR IR 7 & R B 8AT S a(in)= ey (i) fiaw(i)) =D i WABELA fiaw(i)= ai (i, )) fiae(i,j)=D. 53 5k,
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Fig.7 Traffic network with nine intersections
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1. FORI<i<nm:

2. FOR IS j=m

3 IF i|2=1 THEN

4. og(if):=j<n? ay (i, j +1) +Aa: A,
5 ary, (i, ) =il ae(i));

6 ELSE
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o (i) =>1? o (i, j — 1) +Ac: Aex;
a. (i, ) = fi(aw(if);

9. ENDIF

10.  IFjj2=1 THEN

11. on(iy):=i>1? ag(i -1, j) +Aa:Ae;
12. ag(i, ) =fien(iy));

13.  ELSE

14. as(iy):=i<n? ay (i +1,)) +t4a:Ac;
15. an (i, ) =filas(iy));

16.  ENDIF

17. ENDFOR

18. ENDFOR

B LR AT WA T R 4k 4 SREET IR,

1) FBATE T RG)TE A VG5 AU 10 D23 ap(iy), BB S5 3 AT~45 SAT4 T RG)FER I TT 5 %
AR DT SIS R 25 BUREE 1 RGy+1) BV 1) 40 H 2R e (6, + 1) R AR 2 Aok 7 B 1K 2R 3
ag(iy), R ) RIS O R(iyj— DR B R ol (6, )

2)  ABEATER 1 RG/)AEZR VG T 1) AN AG VG 1) 223 onw (i ), T34 11 b R 6t P L0305 1 58 6 4T~ 9 4T+ Ll
10 R~ DA TR oL G,/ - 1) 25 WiE aw(iy) i R o) @, ) 168 R 5 D 2HA 2R,

3) AR A R AR TS 1 AR AU o), R AR 10 A7 ~58 12 47K B3 % 1 R(i—1,) A9 i T
TR 3 (I BE R, A G, 7) JRAE4S T UEE 1 RGi+1,));

4)  EEFIER O R()F LT AU BE T as(iy), LW O RG+1)IHH el (G +1, /) Y60 RGN
as(iy).REH) W ol (i, /) WHE R R 1 RG-1,) TN as(i—1,), BRI 28 13 47~5 16 1T

T3 A0 AT TE 25 (1) ) PR B A0 B 7(0) BTz SRk 2 45 T BT I8 I 11 R 0B Jy v ok 1 19X 4% Hp 1R A it 1

R(ij), 5095 2 % B ORI A 20 BT 10850 125, B3 D R ZE A AR B O B0 A A R I AT 46 6 W 0
FI IR 2R 0, WL VR 28 3 4T ~58 16 47505 2 20, H 6 TV eR 857 19 R 18 R R/ D Ve e 0 PR i N e i 8, A 3
1 DR HHBERLGEA AR AE UL R ZE R on() A EL AT 7(b)FT7s, an(iy) 2 I O RG-1,7) % H 4=
a1, j) M EEER A INAL L E R PR 6 TR MO REHE T MBS WAL =1 I, L%
F RG—1/) WA FEA7AE IR B O B RS T A A R0 an(iy)=A o, WEE IS 3 47 2500k, 5095 1 R FIFES
FE T IR P I 2300 AR B0 LA AR 7] 2 0 o (i) 9 B, 5000 1 ISR 4 AT 5500 2 WP ISR 5 AT~38 T AT 305 i 1
HUE S i=1 Al i1 PR DL T 1918,

Bk 2 QAT IE MG IR O Ik

BN nxn 4EXUAT 8 4% DL TE % H A DR A

At 0 9 v AN B 1) AR R 2

1. FORI<i<n:

2. FORI<j<n:

3 an(i)):=Aa;as(ij):=Aq;

4, ag(i))=Aa;aw(ij):=Aq;

5. IF i>1 THEN

6 an(if):=an(ij)+ asi—1,j) ;
7 ENDIF

8 IF i<n THEN

9 as(i):=as(ij)t ay(i+1, ) ;

© P EBEABRFUFET  hitpa/ www. jos. org. cn



-

FE R FORT RE W LA T4 A Gbd IR SLARA 537

10. ENDIF

11.  IF;j>1 THEN

12, ow(i)y=aw(ijyr ap(i,j=1);
13. ENDIF

14. IF j<n THEN

15, o) =iy iy i, j +1);
16. ENDIF

17, o)) = flas(i ) a0 ) = fi(ax (.0) 5
18 ap (i, )) = fy(ay )y () = fia (@) ;
19. ENDFOR

20. ENDFOR

3 ESATIEHIRERY RTC 23
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Fig.8 RTC model for the fixed-time control in the lane intersection
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Fig.9 RTC model for the fixed-time control in the dual-way intersection
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Fig.10 RTC model for the adaptive control in the lane intersection
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Fig.11 RTC model for the adaptive control in double routers
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on(A),as1(4),asp(A)} .50 508 By et RV FE AR b #h 2R anes, I B — 52 S BNV BE { oy, g 1, s} 1D
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T11) )35 2 12308 oo () 040 2. ) A, 2% D S R 0 AR B B A 1 % 1 B O B i K
L Bla,, ) 3, Bl(A) = supoe < 1B/ (A) — iy ()} R BRI ER B 1R T Blag, B) 1T i 24 K
QUG . 5 50 AE I BE AP BT B O 7RI o, (4) A2t MIN{a, (4) + B(ary,, ), s (A)};
2)  # o (A) > ans(A) U g (4) > o (A) ST IX TR AL AL A AR BT BP9, W05 K g b 31 58 B 2
it o (A) P IR ZE 500560 42T o, (4) 22 MR o 5(A).
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TH 1Y) 25 FUORAT A8 ) 45 EAT AR FULA7 S0, 52 56 40 B T 5 ) 0 [ O 1, 1 A 4 o) 5% s 140 42k e B T 8 0 ) A8 AL LR R
A S50 T P AR RS P Whttps://github.com/cpsNEU/RTC-Model-for-traffic-flow-networks.
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Fig.12 Congestion factors D and B are affected by frequence u in the lane intersection
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Fig.13 Congestion factors D and B are affected by frequence u in the dual-way intersection
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Fig.14 Congestion factors D and B are affected by turn rate (¢g,#;) for u=5/9
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Fig.15 Congestion factors D and B are affected by turn rate (fy,f) for u=1/3
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