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Abstract

4 mathematical model was presented and used to determine turning movements
at reundabouts based on field data. Assumptions were made in order to simplify the
model; such as no U-turns from and to the same arm of a roundabout, total traffic
into the roundabout is equal to total traffic out of the roundabout and traffic is
homogenous (i.e. mainly consisting of vehicles). Using Gaussian elimination, turning
movements could be estimated for 3-arm roundabouts for the indeterminate traffic
steam movemenis when inflows and outflows for each arm of the roundabout is
known together with a flow stream on one internal circulating (weaving) section
between any two arms of the roundabout. The model has practical use in reducing the
number of detectors or counters (whether automatic, videoing techniques or manual
methods are in use) which are needed in collecting data to determine the estimated
flows from and to the different parts of a roundabout. The reduction in the number of
detectors (or traffic counts) could be due to site limitations caused by faulty or limited
number of counters used, inaccessible sections for obtaining video images for later
analysis (e.g. presence of sharp bends buildings or large frees obscuring vision). The
benefits of saving costs could be significant in terms of time and man-power needed
on site and this could depend on the amount of traffic flow through the roundabout.

e ————————————————— e —————————

Kevwords: Roundabouts, traffic, detector, inflows, indeterminate and outflows.

( Introduction o . _
inear equation is an algebraic equation in which each term is either a constant or the product of a constant and it is the first

wer of a single variable. A network on the other hand is the connection of p(_)int; to each other and it is contjnuous A wide
of engineering and management problems are involved in the optimization of ne}work flows:; thgt is, 4hov~ objects
e through a network. Practical examples include coordination of trucks in a transportation system, routing of packets in a
amunication network and sequencing of legs for air travel. Such problems sometimes involve few mdxv.mblc pbjcch. and
leads to a finite set of feasible solutions example is the problem of finding a minimal cost sequence of legs for air travel

m Kaduna to Lagos. People took the transportation problem up early in the Second World War. It was used to determine

W to move troops to the battlegrounds in Europe and Asia. .

veral researchers had attempted to estimate turning movements at road junctions and a number of mc(hnds were dc\clf'Ptid

r the years making use of traffic flows entering and leaving a junction [1-5]. Also the work i (6] used dcl‘\llux{
srmation on individual vehicle’s trajectories through the roundabout and proposed estimates of turning movements. |h\‘
uracy of turning flow estimates at road junctions from traffic counts was also examined in [7] who ucccp‘ttcd a rclal.m‘
ference of about 22.5% for traffic flows in the region of about 1575 vehicles per hour and an ubsoluzlc dlﬂu‘l’tllu‘ gl' 7~‘
licles per hour for traffic flows of 454 vehicles per hour. In addition, Jadaan(8] studied the accuracy .ot turning {lows ‘:\It
epted a relative difference between actual and estimated flow of 13.1% for traffic flows of 168 whl'clcs per hour. (')t'ur,
orts went into developing complex mathematical models for estimating turning flows at intersections and Lomtpdr:n(t,
jlts obtained from each model [9]. Other studies, such as [10], used dynamic methods where traffic flow lhrough : l-dt:l ! r)
onsidered as a dynamic process and these have shown high accuracy results. Besides, Marshall [11] propose‘ h:‘ %Lilth
ng methods for counting traffic movements at 3-arm and 4-arm junctions and showed that two observers together v
 automatic counters are sufficient for 3-arm junctions.
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3 p st Nyor,
Application of System of., .. Adetut |
i i where 0O
Howe . CAs 1 difficult when traftic fow {5 high and the por
ver, this task is rather difficult when : nd reported of
individually. Furthermore, [12] studied 4-arm intersections ”,H wken from entry ,.o':“ b
observation of turning flows with estimates based on """:"".”W o Inbati '“","“ '”,.Q,.,,,,A in | 1A, while Ly g
manual traffic counts of turning flows ot road l"'““"""“'(m,'((; D) malrices \;; I used i single set of traffig go ™
) I} wll ) | s { y 4 k
ngramming B o B it g u“'““"f\ ‘“”l::: and Nitron andl lmvll“l' 11 using Hime series of GOy 9
i e ¢ $ (o estimate an O D malri; ; f rather thi ’ sl time O < 1) estiman
[15! usctc/l direct tmm:‘)u:l,lm\:(::muc & statlo ordinary (Iil'l|‘l“""‘f| ”"H“I'l‘:l““ dnti counts for 1e #l o
3;l\::g?c glt‘l))mmcdk::i: b"I‘h‘c ;;cd ol uul(.mmlic vehicle fdentification i ments from and (g Ihe yg
e it moveme ;
i CAhe tarning ' ,
proposed in [17]. ted the use of O-D matrices to dose uln( :I'" of turning Movemnents Could be gas
Morcover, scyua[rns;.ul;h;los] n}ﬁlll’)&‘uw of obtaining accurate measure ':,,,,l;|luvlll'¢ ot any other type of intorsee, "
S S - . Lhe procest !  Aha * o A st cireuls ‘
ohitd |at mald J‘"(;CUIU_:-\, [\le more (h-‘m 3-arm junctions whether they are or exit sections as well as ml;n t’nul'ldﬁﬂg )
% ' i ( ’ { f {4 4 'y
T o v ¢ s od to obtain counts from cach and every ¢ ““y.. (ficllows are high, This may load to the fiucp M
altcmp(s to reduce the need to obt: & tive Indeed c\;pcciil”)’ when tralh I”"”“”q) 6 l(‘;‘:’? 'h"" ”,4; “‘""bcf "” il
rom ¢ ut will become very attrac ol ) shrale 6 §) It A
lllrl.:)l:?b‘érrz‘l{nedit;?ions used in forming the matrices (i.c. independent alge , |
e e i i nts in a roundabout, oad junctions with that uged in &
representing the different turning movements in ¢ o estimating turning flows at rot iy po
1o solve this problem, an analogy has been made for (‘hlllll.ll ',im-inp where the number of “'" o , A "
> “statically indeterminate™ structures in Civil and Slruc(lurnl IZI'H'" '“”“ i”.‘,w(“,,‘(, (22] I8 H'pphcd !()r ’t.M Purpose g
- ; ions [21]. The Gaussian climina inate” road junction: which s one that Wi
e Mo e v “traffically determinate” road j ! iunction. snd s i
4 following terms, as defined in [23] and [4] are used: - II:I |hl; number of traffic streams in that junction, and . iraffe
number of linearly independent algebraic equations equal to lependentalgebraic equations is less than the numbeuf
indeterminate™ road junction: where the number of lincarly indepe 4 “
streams in that junction.
e B Mathods but the use of lincar equation has so far been the be
e tvon o o ﬂorvl problﬁl‘n limvclrcym"m in the society. The one conversant 1o eye
in the sense that flow problems affects everym: ¢ r 10
network flow problems in the sense HIE PO 1% thaga SR IenTy 19 through the system of linear equation by Gat
the traffic flow problem. So the casiest way to solve these pro 5 1t A
climination method.

3.0 Solution to Network Flow Using Gaussian Elimination
A system of linear equations is one which may be written in the form

A Xy +agx, + o+ AnXy = b1 (lu)
@1%1 + A2y + ...+ Qypx, = b, (1)
1%y + QpaXy + ot Qup Xy = D (@)

Here, all of the coefficientsa;; and all of the right hand sides by are assumed
assumed to be unknowns, that we are to solve for. Imagine that we are in (he
the above flow chart, and that we have finished dealing with rows ity

the climination process. Denote by M, the matrix consisting of those
Icast e. If the augmented matrix now looks like
*x

x *
5.9.4
0 * =2

and ¢ =2 (in other word

Mol g )

1€ = 1. These rows will not change during
rows of the current coefficient matrix havi

S, We are about to start work on row 2) then

4.0 Analysis of Traffic Network Flow Prop] i

em to :
Roundabouts Using Field Data G Tuming i
Sy.'stcms of l'inear equations arise

variable. We observe t
i e

he following basic assumptions: 8- The flow is indieste bya
i

T'he total flow into a node j
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flow counte o = .

12 e UMES 21 a certain cross section. These flow counts :

nd simple model for use in accuratete e eras. However, certain assumpti m“t‘f"’b‘ﬂmcd
urately estimating tuming moy - woas sl]lould be made in t\n‘iving

raffic flow 1s continuous throush the iune

;
#
5
- |
E
H
g

Where o il
.+ and L, arc traflic entering and leaving arm i, respectively
o U-turns were made (i.e. from and 1o the < o
‘ HOI ana ¢ Same arm). Mm' v
0 (for all i values) o e
Q\\ here, Ti1s traffic from and to arm i @
I'raffic is homogenous (i.e. traffic composition is the same for all links)
4 P ’ > 7 o Ive 2 g 8
In order to be able to solve an O-D matrix, one needs 2 “traffically determinate™ juncti
«raffically indeterminate” junction (as defined above) and because of e misiin ugaﬂft:ow":ver,m dealing with a
Sing and to certain arms
or

unavailability of data (which could be due to shortase in the
required. Such data could be obtained by ideri - number of data collectors

circulating traffic between roundabout
Table | gives the number of movements within a chosen weaving section for different numbers of roundabout
e arms, say
Wp as shown in Figure 1. Considering a particular weaving section within a circulating traffic and assuming no U-turns, it
2 S S g

is clear from Table ~2 'that as the number of roundabout arms increases, the number of movements within the weavine section
increases sharply. This shows that the complexity of monitoring turning movements at roundabout increases &

Table 1: Number of Movements within a Selected Weaving Section as a Function of _the Number of Roundabout Arms
Number of | Number of Movements within a Weaving | Details of Traffic Movements
Roundabout Arms | Section (including those from adjacent arms)

3 2 Wi =E+T5

4 4 Wi= B 4T3 T+ Ty

5 7 Wi =E + Ty + Tg + T
R Ty T3 4Ts,

0O 11 Wi = E; + T3 + Ty + Tyg

5y Ts34Ts4 ¥ Ty #Te3 4Tyt Tes

50 Matrices Formation For “Traffically Indeterminate” Roundabouts

In this research work, we focused on a 3-arm roundabout located along Mobil in Minna, Niger state Nigeria.A simple
example is chosen for a 3-arm roundabout to describe the proposed mathematical model to form the matrices used in solving
“iraffically indeterminate” roundabouts. Here the assumptions described in previous sections (i.e. homogenous traffic, E; = L;
and T = 0) were used together with the assumption that some data on traffic flow movements were missing due to absence

of counters,
Ihe following matrix describes the algebraic equations representing turning flows if the weaving section |/ is chosen for

the 3-arm roundabout shown in Equation (3):
W];;_':H] 7

32
1100 0 oyfTis][Er]
80 11 0 o||Tz| | Es
000 1 1|{T5|] E2 3
00 10 1 of|m,[] L, k)
L 000 0 1lim ) L
101 0 ollr,) lw,,]

-:i,"lc that W, is equal to Ty + Tyz + T3, whileE, is equal to Ty, +Ty3. Here the required counts areky Ey, Es, Ly, L3 and
(assuming that the missing flow counts for this case is Ly).
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e the required trafic counts and those assumed missin

g The assumed missi i i i
¢ i ) ng (in this caseTy 4. Ty Tos Tou T
e L |.x"12-’:1|»'32-’2u-

s Was calculated using the Gaussian climination procec
oot | Ty 4 Ty with the help of Math Lab

from | 1 |2 3 Total
T 0 |- | 2200
B 0 | === 990
3| | 0 1905
“lotal | 1560 | -=====- 1902

| W,,=2892

Ihe above values in Table 3 give the total number of vehicles entering arm 1,2, 3 and exit of arm 1, 3andW,, with the
assumed missing turns.

Tys + Tz = 2200
T31 + T3, = 1905
Ty + T23 = 990 @
'['31 +T21 = 1560 :
T3 +Ty; = 1902
Tig+ Taz Ty9 = 2892

Note: The above system of linear equation can be formed into matrix by substituting the above gives

1100 0 01[Ts] 2200
00 11 0 0|/Ti2] |1905
0000 1 1fTs1|_|990 )
0 0 10 1 0}||T5,[ [1560
1 0 00 0 1]|75| [1902

1101 0 o0llr,,]l 2892 )
The solution to Equation (5) using Gaussian elimination with the help of Math Lab the result gives:

Tl 112851

Tal | 949

| _|1213 ©)
I3, 692

1|0 |34

1, - Les1

Figure (4) represents the solution to the problem using the Math Lab software
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T . o
N_‘_N—m_”_ ol & 3

ument Directory: Cﬂ&hcn\klStVDonnnewh“MﬂTlAB

v )W
" :; r X
Command Window :
© New to MATLAS Wateh s see Demas, or read Getting Started. :
T e T I R St i . 0 1 1 01 0 0)
”l‘(llooomooxloo:oooox1,»unxnlnnu.w ) 1
| A=
1 1 0 0 0 0
0 a 1 1 0 0
Q 0 0 0 1 1
0 0 1 0 1 0
1 0 0 0 0 1
1 1 0 1 0 0 7‘.‘.
T BE12200:1905; €20; 1560; 1902 ; 2802
L =
2z00
1905
== |
1580 |
1902 |
2892 i :
11 ~
[ |
>> GaussE(A,b) | f 1
|
ans = ’ “-‘;
1259 e41 1213 6oz 347 643 ; ;
. | |
x> ‘ v
' 3
Figure 4: Solution to the Problem using the Math Lab software

7.0 Results and Discussion

When comparing values of flow counts from Equation with those of Table 3 the results g
more traffic flow in 7;3arm (1251). This implies that there is more traffic flow in Bosso Zungaru towards Tunga road.
traffic light is to be mounted at this round about more preference is to be given to Bosso Zungaru - Tunga road in ¢
climinate unnecessary hold up. This indicates that this mathematica] method used for solving“traffically determinate” 4
roundabout results is useful and significan saves time and labour cost. ’

show complete agreement.

like transport should not look difficult to the ind .
isticated devices, such as automatic

d in the usage of traffic counters
e reduces emission of carbon into the atmosphere wh

is research work has come g right time
nagement of traffic jy , particular place
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