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MODEL OF A SIMPLE TRAFFIC CIRCLE

1.0 Introduction

This report describes a dynamic model of a traffic circle
which has been implemented on a CRT display terminal.

The model includes sufficient parameters to allow changes in
the structure of the traffic circle, the frequency of traffic
introduced to the circle by each entering road, the model of en-
tering the circle (right of way), the frequency of traffic leaving
the circle by each road, and vehicular spacing around the circle.

The model shows the stream of traffic in motion around the
circle. Accidents and/or traffic jams have a definite probability
of occurence and are also displayed as they occur. The traffic
flow and the occurence of accidents and/or traffic jams will be
changeable through the display terminal. The assumptions associ-
ated with this model are listed below.

1) Each feeder road will supply traffic for the circle

according to its own Poisson distribution.

2) Cars available on the feeder roads will enter the circle

according to a probability function which will depend
on the velocity and distance of the nearest approaching
car in the circle.

3) Exit to the feeder roads will be determined according to

a prespecified probability function. It is assumed that
all exiting cars can be handled by the feeder roads as

needed with continuous flow (i.e. exit roads will cause
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no road jams).
4) Cars in the circle will travel with velocities dependent
on the distance from the car in front. Acceleration and

velocity bounds for all traffic will be included.

2.0 Display Assumptions

A CRT display terminal was utilized for the implementation

of this model.

The basic assumptions for the CRT implementation are listed
below.

(1) The traffic circle is displayed as a fixed circle.

(2) The feeder roads are displayed as fixed straight lines
which stop where they touch the traffic circle.

(3) The entry/exit-points are where the feeder roads touch
the traffic circle.

(4) Cars are displayed as small circles which will move
from feeder roads around the circle and vanish upon exiting the
circle.

(5) Feeder road entry queues are indicated by one car and
a numerical display of the number of cars in the queue.

(6) Traffic jams will be indicated by flashing the entire
display.

(7) Accidents will be indicated by flashing the display of

the cars involved.







3.0 The Model

The model has five parts. These include (a) adjusting the
queue size at each intersection, (b) determining if the first car
in the queue enters the circle, (c) determining if a car in the
circle leaves at the intersection, (d) adjusting velocities of
all cars, and (e) updating all car positions.

The first routine adjusts the queue size at intersection j.
Assume there are xj cars in queue j. Then the question is
whether a car will be added to the queue. First, pj (xj+l), the
probability of having Xj + 1 cars in queue j is computed. Next
a random number P, is computed. If P, i pj (xj + 1), then x is
incremented.

The second routine determines if a car from queue j enters
the circle. Since the cars in the circle have the right of way
it can only enter when there is a gap between cars in the circle.

However given an adequate gap not every car will enter. If
the intersection j is at angle Oj and the nearest car i is at Oi

with velocity v, a gap constant qj is defined.

qg. = ( @j— Oi) r,

J

v eq (1)
where r, is the radius of the circle and aq is an arbitrary con-
stant.

A random number P is generated and if qj > P, the car enters.

This has two features in that it says a car enters most frequently
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when the car spacing is wider or cars in the circle move slower.
The second routine also determines £, the intersection at
which the car leaves the circle. Given pl,j, the probability
that a car entering at intersection j leaves at intersection 2%,
then if P. is a random number % is chosen to be the smallest

value meeting criterion (2).

L
Py < zpk,j
K=1 (2)
The third routine determines whether a car i leaves at
intersection j during interval At. The first requirement is
that the value of % from routine two equals j. The second re-

gquirement is that the car must be close to the entrance as

defined by criterion (3).

(Oj_ Oi) rc < vi At (3)

Having computed all entrances and exits, routine four up-

dates velocities and positions by criteria (4) for interval n.

Vion = Te O 41- O3)
ar (4a)
Vi,n < Vmax (4b)
Bd h Vi,n Vi,n -1 = Ba (4c)







V. < rc(el - Gi) + v

i,n — exit

Y (4d)

Criterion (4a) states that the velocity is chosen based on
spacing between a car and the car in front. Criterion (4b)
states that the velocity will never exceed a maximum velocity.
Criterion (4c) states a car has a maximum acceleration and a
maximum deceleration. Criterion (4d) states a car will slow
down as it approaches its exit intersection.

Finally after updating velocities, new positions for inter-

val n are computed.

c (5)

This sequence of routines is repeated for each interval.
4.0 Results

The traffic circle model was used in a demonstration showing
the effect of circle radius and speed limit. The circle radius
was found to have no effect. This occured since increasing the
circle radius led to increased velocities. Our rule on car
separation which requires one car length separation for every
ten miles per hour meant,independent of radius,each car occupied
the same number of radians and limited car entry from the side
road.

The effect of speed limit can be explained by noting capacity

of the circle depends on cars per second going around the circle.
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This term is the product of cars per radian times radians per
second. Reducing the speed limit increa;es the former term and
decreases the latter term. In our circle the product has a maxi-
mum at fifteen miles per hour.

5.0 Discussion

The structure of the model may be changed in several ways.

l) The status of the feeder roads (i.e. main road, side
road) can be changed by altering the feeder and exit probability
distribution parameters.

2) A by-pass of the circle by a feeder road can be created
by altering the entry and exit probability distribution parameters.
(The by-pass will not be physically displayed.)

3) The radius of the circle and the number of feeder roads
may be changed.

Other options may be achieved by changing the vehicle spacing
parameters and the velocity change parameters. Since the program
will be highly molular, even the probability distribution func-
tions will be changeable.

Possible future effort could be in expanding the number of
lanes in the circle, including traffic signal effects at entry/
exit points and including effects due to traffic signals on the
feeder roads. These and other studies can be implementable in a
modular fashion allowing a step by step increase in the sophisti-

cation of the model.







APPENDIX A: Computer Program

C MAIN PROGRAM FOR MODEL
— DIMENSION TI(S511,TK(S1),VI(S1) VKIS LI{51),0LKL51) .

DIMENSION TJ{6) 4 XXL6)XLIG)
——_INTEGER QLINE+PNTRsX,Y
COMMON/ZA/TI Ty VIoVK LT, LK
COMMON/.XX/X{50)
COMMON/YY/Y{50)
L OAMON/PPLPNTRE2) . _ . . . -
COMMON/NN/NCARS,NRNADS
. COMMON/QQ/QLINE(8)
COMMON/B/T Jy XX,y XL
S COMMON/C/NCAR,RC,EQ,VEN,DT
COMMNON/D/ VMAX,BA,8N,ALR
e - COMMON/E/ZJX . N _
COMMON/F /M
- JX=3
- PII=3.14159/180.
e e . TJL6)==100.
TK{51)=-100.
e J 11 511=-100. .

—— .. CALL SETRAN(JX}

C INPUT RC,EQ,VEN

S WRITE(1,12)

11 FORMAT{20H RC,VEN,EQ, )

e WRITEL1l,11)
WRITE(1,12)

- READ{1,1) RCoVEN,EQ,DT
ROTRAD=RC

. RC=RC/5280.
13 FORMAT{20H VMAX,BA,B80,ALR )

e~ ARITE(1y13)
WRITE(1,12)

—— . -READ{1l,1) VMAX,BA,BDsALR : g
=0

e—lb6 FORMAT(21H THETA,VELOCITY,LEAVE) ’ . =
WRITE(ly14)

2= 5 -
NCAR=1-1

= = WRITE(1,12)
IF(I.GT.50) GO TO 20

——— —READ{1,9) TICLI),VI{I),LILI) s
TI(D)=TI(I)*PII

e - EORMAT(2E10.5,110) . . i = .

- L EORMAT (4F10.5) : P SR

12 FORMAT(9X¢1Ha y9X9p1lHe 99X y1lHe 99Xy 1lHs)
ciie—IELTI(]1) .GELO0.). GO TO 2 R T S £ e
20 CONTINUE

J=0 .. - - . [ W E——

15 FORMAT(20H ANGLE,QUEUE,LAMBDA )
e WRITE(1,15) ST i RS A i R - -
4 J=4+1
M=.0-1 o = . a2 e o $Ble oo PR o SRR S Lt

IELJaGEL6).GQ T0 1000 . . o e e e e
WRITE(1y12)

— — — READ{(1,51) TJLJ) e XXA LD XUy L.
TJOJ) =TILJ)*PILI

S8 A5 FORMAT(IIO e o 5 s v m oo o T s S .M o A eris

IF(TJ(I).GE.O.) GO TO 4
1000 CALL ROTARY(ROTRADsMyTJ,PNTR)Y __ .. _ . _. S



)




NROADS=M
S o DO T 1o N
6 JuJ+l
—1EL{TJ{J}.LT.0.) GO TO 7
CALL QUEUEIXX(J)oXL(J})
e RLLINELU = IFIXIXX (D M [
GO TO 6 .
———T CALL ENTER Sl
CALL VELOC
——— — CALL_POSIT o v g &
CALL ORDER
—~--100-EQRMAT({ 6H NCARS,15) . I
NCARS=NCAR
CALL CONVRT(ROTRAD,10.,T1) .. S5 Bl e crormen
CALL CHANGE
—~———G0 I0.10 . . . = R &L
END
% - I
SURRNUTINE QUEUE (X,XL)
. — . - - COMMON/EZJX .. -
CALL RAN{JX,PR)
——— —NsXtl.. - = ;i i
XF=1s0
0025 I=1,N . S 2 ST R | SR
AT I=FLOAT(I)
o XFsXF®ALL . .
25 CIONTINUE
e PX=( (XL *EN)XEXP(-XL L)/XE e T T .
IFI{PXeGE.PR) X=X+1,
—15 FORMAT(5H QUEU,2F10.5) . S SR SRR 5
RETURN
— END - _ - - b g R

$1
————-SUBRDQUTINE. ENTER __ _ ey —

DIMENSION TIUSL1),TK(51),VI{51),VK(51), Ll(Sl) LK(Sl)
——ee D IMENSION TJL6),XX{6),XLLG)
COMMON/A/TI+TKyVIoVKeLI, LK
-COMMON/B/T XX XL .. s e
COMMON/C /NCAR4RCyEQoVEN,DT
— —— —COMMON/D/ _VMAX,.BA 4BD,ALR

COMMON/E/ZJX

COMMONZELZM.. -

J=1
_— K=l

1=1

— 47 QJ=l

IF(THID). LT 0.) GO TO 17
——3 TFLTII).GTT(J)) 60 T0. 2. -
15 FORMAT(315,3F10.5)
—IE(VI{I).EQ.0.) GO.TO 17 .
QI=(UTI(N-TI(I)I*RC)I/(VI(1)*EQ)
——17__CALL RAN(JX.PR)
100 FORMAT(3H QJ,Fl0. S.FIO 5)
1E(QJal T PRAQRLXA{A)LELQeL GO IO &_ e
IF(VI(I-1)oLEeOeoOR.I.LEsL) GO TO 37
— OJ4=RCE{TI(I-10=-TJlJ}} __
IF(0J.LT.0.006) GO TO &
-—37 IK(K}=TIC(H) .

VK(K)=VEN
=)o —-—
CALL EXIT(J,L)
LKIKInL
K=K+l

& JFITIL1}.0.T.0.) GO TO 78

CALL LEAVE(QJU,1,FQeDT,LICT),J)

.. T8 d=ael







[F(J.LE.M ) GO TO &4/
__ IF{K.GT«50) RETURN
GO TO 70
. 2 TK{KI=TIL])
VKIK)=VI(T)
LKIK)=LI{])
K=K +1
mara I=1+1
IF(K.GE«51) RETURN
. GO TO &7
70 IF(TI(I).GT.0.) GO TN 95
.. - -.-NCAR =K~-]
TK{K)==100.
- RETURN
95 TK{K)=TI(1)
~ LKI(K)=LI(I)
VKIK)=VILtI)
— . K=Kt} -
I=1+1
GO TO 70
END

$1
- ——-SUBROUTINE EXIT (JsL) O
DIMENSION PL(5,5)
CIMMON/E /7 JX
COMMON/F/M
AV=0.20
AB=0. 20
- e - DO.L1T K=14M
I=K+J
IF(l1.GT.M)I=1-M
PL{J,K)=AV+AB
AB=AV+ASB
17 CONTINUE

CALL RAN{JX,PR)
DO 1 I=1,M
L= 1

IFIL.GT.M) L=L-M
e - IF(PR.LE.PLLJ,I) ) GO PO 2 . 8

1 CONTINUE
2 RETURN
END
sl =
SUBROUT INE LEAVE(OJ-IvEQoDToLIl'Jl
—1 FORMAT(4H L11,215) < BT G 0 i S E e e i -
IFILITI.NFE.J) RETURN
OL=1QJ*EQ) /DT
2 FORMAT(3H QL,FB8.4)
- IF{QL.GT.1e) RETURN o
[=1+]
——— - .RETURN 5 = TS S F—eilie A
END
$1 .

SUBROUTINE VELOC
-~ — - COMMON/C /NCAR ¢RCoEQ,VYEN,DT
COMMON/D/ VYMAX,BA,BN,ALR
e COMMONZ BLT S o XX o XL -
COHNON/A/TI.TK!VIQVK.L'pLK
- - — DIMENSION TJU{6)¢XX(6)yXL1IG)
OIMENSION Tl(Sl)oTK|5l)onlSl"VK(Sl)'ll(Sl)'lK(5l)
- - -TIPI=6,28318
IF (NCAR.LE.1) GO TO 7







TP=TK{NCAR) +TPI
2 IFLTK(I)eLT.0.) RETURN
LICD)=LKLD)
VILL)=(RC*(TP-TK{I)))/ALR
IFIVI(I).GT.VMAX) VI(1)=VMAX
e - DVEVILLI-VKIT)

IF{DV.LT.BA) VI(I)=VK(])+BA
IF(OV.GT.AN) VI(I)=VK{])+8BD
IF(VI(I)aLE.O.) VI(I)=0.

R TP=IKI(I)
I=1+¢1
em—- GO TO 2
T VI{1)=vK(1l)
— - LIk 1)
RETURN
= - -END
$1

-~SUBROUTINE POSIT
COMMON/C/NCAR,RCyEQsVEN, DT
S— LOMMON/A/TL e TKy VI gVKeL]I 4LK
DIMENSION TI(51)sTK{S51),VI(51),VKISL),LI(51),LKIS1)
— IFANCARJLELOIRETURN
PI=6.28318
S - NCAR=0..
[=0
- 21141
IF{I.GT.50) RETURN
—— . TI1{l1}=-100.
IF{TK(1).LT.0.) RETURMN
~ITILII=TKLLI+(VI{1)*(DT/RC))
IF(I.LE.1} GO TO 22
— - IF{TI(I}GT.TI(I-1)) TI(I)=TI(I-1)
22 NCAR=1
—— —1 FORMAT(L4H TI11,F8.4)
G0 1O 2
et e B D s e s
$1
-—SUBROUTINE SETRAN- (JX)
CALL RANI(JX,X)
—— ... RETURN
END
L BT S —— g S oo S - -

IY=JX%899 _ . = : S S ~CR . ST N L
IF{IY)5,6,46
— 5 IY=1Y+327267 +}). . _ g
6 YFL=1Y
— YFEL=YELLI216T S e e o . —
JX=1Y
RETURN T .
END
. 5 [ — — S O e N
SUBROUTINE ORDER
e e COMMONALT L o TK e VIaVKG LI LK . . } v e 5550 R b
COMMON/C/NCAR,RC,EQ4VEN,DT
—— DIMENSTION TI(51),TK(81),VI(S1),VKL{51)el 1(S1) 0 KI52) . _ _ _ __ _ =
IF{NCAR.LE<1)RETURN
— .= _Pl=6.28318
22 IF(TI(1).GE.PI) TI(L)=TI{1)~-P]
IE(TIL13 1 T 0.0 TI(11=0
IFITI(1).GEL.TI(2))} RETUR
by i TK{NCAR} =TI(1) &
VKINCAR)=VI(1)
LKI(NCARI=L I(1) I
DO 7 J=2,NCAR
..... . TKEJ=1) =T J(J) . ; 1 § i







X

76
$1
c
c
K
c
c
<
c
c
1
2
s1

cem e

X

VKEJ=1)=VIlJ)
LK{J=-1})=L10J)
CONTINUE

DI 76 J=1,NCAR
TLEIY=TK(J)
VItJ=vkid)
FIRMAT(4H TIJ,FR.G)
LICJ)=LK{J)
CONTINUE

GO TO 22

END

SURPNUTINE ROTARY (ROTRAD,NRNADS, ANGLE, PNTR)

DIMENSION ANGLE(6)

INTEGER X{61,YlL6),PNTR(?)

DISPLAY COMMON

COMMOYN /DSPCOM/DSPFLGy DSPMAX/DSPUVR/NSPSZE,DSPORG,DSPINK,NSPUSR,
DSPFLYDSPRETDSPTIM, DSPTOT

INTEGFR DSPFLGsDSPMAXsDSPSZFDSPNORGDSPINKyNSPUSRyDSPFLT,, DSPRET,
DSPTIM,DSPTOT

CNMMON/DSPRFR/DSPRUF(2000)
INTEGFR DSP8UF

LIGHT PEN CJIMMON

COMMON /LPNCCOM/LPNBLE,LPNBUF(50)
ITNTEGCR LPMALFy LPNRUF L PNWRT
FQUIVALENCE (LPN3UF(1),LPNWRT)

CHANNEL COMMON
COMMAN /CHNCCM/ TCHADR

CALL CLRAJFI(1)
X[=ROTRAD*3,

IX=IFIX(XI)

CALL CIRCLE(H129512,1X)
20 1 I=1,NROANDS
RANG=ANGLE (1}

CRANG=CNS{RANG)
SRANG=SIN(RANG)
IXOS=XI#*CRANG+512.
X(I)=IXDS
1YDS=XI*SRANG+512.
Y{I)=1YDS

CALL SETPTI(X(I),Y(I))
IXNS=(X14200.)*CRANG*512.
X{1)=1xDS$
IYNS=(X1+200, } *SRANG+512.
Y{1)=1YDS

CALL VFCTORIX(T),Y(1))

CINTINUE
PNTR( 1) =6+#NRNADSES

D0 2 [=),NROADS

CALL SETPTI(X(I),¥Y(1))

CALL DSPCHR{3,2HN0,2)

CONTINUE
PNTR(2)=PNTR( 1) +NRDADS*4
RETIRN

END

SUBROUTINE CONVRT (ROTRAD,CARRAD, THETA)
COMMON/XX/X(50)

COMMON/YY/Y{50)

COMMON/PP/PNTR( 2)

LCOMMON/NN/NGARS JNROADS

P I T I R T T T T T S R A







1EE2381 _ SYSOUY __ . e SEEG SR s i sysour . _
IEF2AR51 VOL SER NOS= o

JEE2351 _ SYS71092.I000000.RPQ08.READ.RQ000002 . .. _ DELETED . . _ . __..
1EF 2351 VOL SER NNS= .

= . - - - - - — e . B






