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ABSTRACT

A mathematical model was presented and used to determine turning movements at roundabouts based
on field data. Assumptions were made in order to simplify the model; such as no U-turnsfromand 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 movements 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
deter mine the estimated flows from and to the different parts of a roundabout. The reduction in the
number of detectors (or traffic counts) could be dueto site limitations caused by faulty or limited
number of counters used, inaccessi ble sections for obtaining video images for later analysis (e.g.
presence of sharp bends buildings or large trees 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 roundaboui.
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INTRODUCTION
A linear equation is an algebraic equation in which eath i® either a constant or the

product of a constant and it is the first power of a singlebbai A network on the other
hand is the connection of points to each other and it is continBoumisle variety of
engineering and management problems are involved in the ogtonizd network flows;

that is, how objects move through a network. Practical exarnmukgle coordination of
trucks in a transportation system, routing of packets in areorication network and
sequencing of legs for air travel. Such problems sometinves/e few indivisible objects,
and this leads to a finite set of feasible solutions exarale problem of finding a minimal
cost sequence of legs for air travel from Kaduna to Lagapl@&ook the transportation
problem up early in the Second World War. It was used tordete how to move troops to
the battlegrounds in Europe and Asia.

Several researchers had attempted to estimate turningnmeat® at road junctions and a
number of methods were developed over the years making use of ftmafficentering and
leaving a junction [1-5]. Also [6] used detailed information on individuahicle’s
trajectories through the roundabout and proposed estimates of turningnerase The
accuracy of turning flow estimates at road junctions from traffunts was also examined by
[7] who accepted a relative difference of about 22.5% foficriidws in the region of about
1575 vehicles per hour and an absolute difference of 74 vehicleésyefor traffic flows of
454 vehicles per hour. In addition, [8] studied the accuracy ofnyifitdws and accepted a
relative difference between actual and estimated flow of 13d®%raffic flows of 168
vehicles per hour. Other efforts went into developing complex enatical models for
estimating turning flows at intersections and comparing iesbliained from each model [9].
Other studies, such as [10], used dynamic methods where ftaffichrough a facility is
considered as a dynamic process and these have shown high acesudtsy Besides, [11]
proposed labour-saving methods for counting traffic movements at 3azadn4-arm
junctions and showed that two observers together with two autocoatnters are sufficient

for 3-arm junctions.

However, this task is rather difficult when traffic flowhggh and where observers need to
trace the path of vehicles individually. Furthermore, [12] stlidiearm intersections and
reported on the potential of cost saving from replacing direct \witsem of turning flows

with estimates based on counts taken from entry and exits.flblae use of algorithms in



manual traffic counts of turning flows at road junctions to savé&abour costs was proposed
by [13]. Multi-objective programming formulations for estimatmglinary differential (O -

D) matrices was presented by [14], while [15] used direct ¢raffiunts to estimate an O — D
matrix and [16] used a single set of traffic data (based on inppttocbunts) to estimate a
static ordinary differential matrix rather than using timeeseof counts to track a dynamic O
-D matrix. The used of automatic vehicle identificationraific data counts for real-time O -

D estimation was proposed by [17].

Moreover, several researchers attempted the use of Otficesato describe the turning
movements from and to the various arms at road junctions [18-B@]piDcess of obtaining
accurate measurements of turning movements could be particutaniylex when dealing
with more than 3-arm junctions whether they are roundabouts or any tyherof
intersections. Any attempts to reduce the need to obtain coantsetich and every entry or
exit sections as well as other circulating sections fronoumdabout will become very
attractive indeed especially when traftiers are high.This may lead to the fact that the
number of equations used in forming the matrices (i.e. indepenldefhiraic equations) is
less than the number of unknowns representing the different turnovgnments in a
roundabout

To solve this problem, an analogy has been made for estimating tutonvg at road
junctions with that used in solving “statically indeterminaggtictures in Civil and Structural
Engineering where the number of unknowns exceeds the number of indepdgdbrdia
equations [21]. The Gaussian elimination procedure [22] is appliethis purpose and the
following terms, as defined by [23] and [4] are used: - “tcalfy determinate” road junction:
which is one that provides a number of linearly independent algedmaations equal to the
number of traffic streams in that junction, and - “trafficandeterminate” road junction:
where the number of linearly independentalgebraic equatiotesssthan the number of

traffic streams in that junction.

MATERIALS AND METHODS

Several methods exist as solution to network flow problem but thefugear equation has

so far been the be to tackle network flow problems in the senséaaproblems affects

everyman in the society. The one conversant to everybody igaffie flow problem. So the



easiest way to solve these problems is through the system af égeation by Gaussian

elimination method.

SOLUTION TO NETWORK FLOW USING GAUSSIAN ELIMINATION

A system of linear equations is one which may be writighe form
a11x1 + a12x2 + ...+ alnxn = b1 (la)

alel + azzxz + ...+ aann = bz(lb)

A1 X1+ QaXy + o+ GnXn = by, (L)

Here, all of the coefficients; and all of the right hand sidés are assumed to be known
constants. All of the;'s are assumed to be unknowns, that we are to solve for. Inthgine
we are in the midst of applying Gaussian elimination, aserabove flow chart, and that we
have finished dealing with rows, ...,e — 1. These rows will not change during the rest of
the elimination process. Denote B, the matrix consisting of those rows of the current
coefficient matrix having index at leasstlf the augmented matrix now looks like

k% ok

HE

0 % *x

ande = 2 (in other words, we are about to start work on row 2) the

0+

M, =
ANALYSIS OF TRAFFIC NETWORK FLOW PROBLEM TO
ESTIMATETURNING MOVEMENTS AT ROUNDABOUTS USING FIEL D DATA
Systems of linear equations arise when we investigate dinedl some quantity through a

network. Such networks arise in science, engineering and economizsuth examples are
the pattern of traffic flow through a city and distribution of proddodm manufacturers to
consumers through a network of wholesalers and retailers. A rketwosists of a set of
points, called the nodes, and directed lines connecting some ortlal nobdes. The flow is

indicated by a number or a variable. We observe the following Basumptions:

i. The total flow into a node is equal to the total flow out abde.



il. The total flow into the network is equal to the total flout of the network.

For any roundabout, each equation corresponds to flow counts at @ cedss section.
These flow counts could be obtained easily by unskilled laborers, aid@manters or video
cameras. However, certain assumptions should be made im@raivia logical and simple
model for use in accurately estimating turning movements at rbontia These assumptions
are as follows:

a. Traffic flow is continuous through the junction (i.e. no stoppingarking within the

roundabout). Accordingly,

YE=Y L 1)
Where
E; andL; are traffic entering and leaving ainrespectively.

b. No U-turns were made (i.e. from and to the same @wcprdingly,

T;; = 0 (for all i values) (2)

Where,T;;is traffic from and to arm i.
C. Traffic is homogenous (i.e. traffic composition is the eséon all links).
In order to be able to solve an O-D matrix, one needs a tadffideterminate” junction.
However, when dealing with a “traffically indeterminate” juont (as defined above) and
because of the missing data from and to certain arms or unagilabdata (which could be
due to shortage in the number of data collectors or counters dnegiie data is required.
Such data could be obtained by considering extra information on flowsé&eeted weaving
section within the circulating traffic between roundabout ararsl (possibly the use of
information from other “redundant” traffic streams which maygilgabe obtained from
observations).

Table 1 gives the number of movements within a chosen weavingrsdot different

numbers of roundabout arms, say\/,, as shown in Figure 1. Considering a particular

weaving section within a circulating traffic and assuming naiftdg, it is clear from Table 2
that as the number of roundabout arms increases, the number of emsenithin the
weaving section increases sharply. This shows that the congptEfxinonitoring turning

movements at roundabout increases.



Table 1 Number of Movements within a Selected Weaving Section ag-unction
of the Number of Roundabout Arms

Number off Number of Movements within @pDetails of Traffic

Roundabout Weaving Section (including those fronMovements

Arms adjacent arms)

3 2 Wi,=E1+T3,

4 4 Wip= Eq+T354 T4+ Ty3

S 7 Wi2=E 1+ 324 Typ 4T3
+T55+T53+T54

6 11 Wio=E1+T351 Ty 4T3

T 524 53+ 54+ T2+ Te3+ 64

+Tes

MATRICES FORMATION FOR “TRAFFICALLY INDETERMINATE”
ROUNDABOUTS
In this research work, we focused on a 3-arm roundabout located\dddriign Minna,

Niger state Nigeria.A simple example is chosen for a 3ratmdabout to describe the
proposed mathematical model to form the matrices used in sétvafigcally indeterminate”
roundabouts. Here the assumptions described in previous secgohsifiogenous traffid;;

= L; andT;; = 0) were used together with the assumption that somedataffic flow
movements were missing due to absence of counters.
The following matrix describes the algebraic equations reptiegeturning flows if the

weaving sectiof\/ , is chosen for the 3-arm roundabout shown in Equation (3):

Wi,=E;+T5,

1 1 00 0 O3] [Es

0 0 11 0 of|Tz]|]|Es

00 00 1 1||Ts1]]E> 3)
0 0 10 1 0||Ts || Ly

1 0 00 0 1|([7y]]|Ls

1 1 01 0 0llr,l lwy,]



Note thatw,, is equal toT;, + Ty3 + T3, whileE; is equal toT;,+T;3. Here the required

counts arg, ,E,, E5, Ly, L; andW,(assuming that the missing flow counts for this cage)is
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Figure 1: A Satellite Image of Mobil Roundabout along Zungeru Rad

APPLICATION OF SYSTEMS OF LINEAR EQUATIONS TO TRAFF IC FLOWS
In recent years, the concept and tools of network analysis hanefdagel to be useful in

transportation system. The level urbanization in the developingdvidicates that more
people live in the cities than before. The population of Nigetes grew from
2,421,581(1991) to 3,950,249 based on the 2006 Census. This implies an incveasdda
from the year 2004 to 2007 of about 5,676 to 8,063 vehicles. The fojj@mialysis of traffic
flow through a road network during the peak period illustrates howeragstof linear

equations can arise in practice.

Consider the typical road network of Figures 2 & represents an area of Bosso,
Minna. The roads are all one-way with the arrowdigating the directions of traffic
flow.
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Figure 2: A Map of Minna Showing t

Figure 3: A Sketch of 3- Arm MobilRoundabout
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The flow of traffic in and out of the network is amured in terms of vehicles per h¢

based on 15 minutes counts. The figures given asedon a mid week peak traffic hc

5pm to 6pm. Amathematical model was used to lyze this network in Figure shown

below:

Table 3:

Average flow per hour for a -arm Roundabout
(Based on 15 minutes counts at evening [

Time of | Entry Arm 1 Entry Arm 2 Entry Arm 3
the day (Bosso Zingeru from the ( Airport Road from theg (Tunga 4Zingeru Roar

North West) to Arm North East) to Arm from the South) to An

2 3 3 1 1 2 Total
5:15 205 270 110 98 315 156 1154
5:30 217 303 175 52 300 131 1178
5:45 136 164 74 38 127 88 627
6:00 112 218 107 70 228 104 839
6:15 279 296 185 89 243 213 1305




Total 949 1251 651 347 1213 692

Table 3 shows the required traffic counts and those assumedgnisbe assumed missing
(in this cas@,3,T;2.T31,T52,T51, and,3) counts was calculated using the Gaussian

elimination procedure

Wherd/]/lz = T13 + T12 + T32 Wlth the help Of Math Lab

& =
Figure 4: An image taken during the head counts of vehicles

Table 4: Traffic Count Matrix for the 3-Arm Roundabou t

To
From 2 3 Total
1 o | = | == 2200
> | e 990
= 0 1905
Total 1560 | - 1902
W,,=2892

The above values in Table 4 gives the total number of \e=h@itering arr, 2, 3 and exit of

arm1, 3andW,, with the assumed missing turns.



T3+ Tiy = 2200

T3 + T3, = 1905

Ty, + To3 =990

T31 +T21 = 1560

Tis +T,; = 1902
Ti3+ Ty T3, = 2892

(4)

Note: The above system of linear equation can be formed into nigtrsubstituting the

above gives

1 1 00 0 07[T13] 2200
0 0 11 0 0Tz [1905]
0 0 00 1 1|[Ts1]_]990
0 0 10 1 0/||Ts5,[ 1560
[1 0 00 O 1JT21 1902
1 1 01 0 o0llr,l 12892

(5)

The solution to Equation (5) using Gaussian elimination with thedfeé\fath Lab the result

gives:

T13] [1251]
T1a 949
T31| _ | 1213 |
T3, 692
Ty [ 347 J
[ T,5 651

(6)

The Figure (6) represents the solution to the problem using aitie Mb software
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Help
urrent Directory:| ChlUsers\JULSE\Documents\MATLAE  ~ D =)

Command Window s 0 a x

@ Mew to MATLAE? Watch this Video, see Demos, or read Getting Started, =

*» A=[1 1 00O0O0;001100;000011;001010;100001:1 1010 0]

A =

H R ODOOR
HDOOoOOOoR
DO R ORO
HDOoOORO
DO kR KH OO
[ R = R e =]

=» b=[2200;1205:2290;:1560;12802;:2852]
h =

2200

1205

j=1=]u]

15&0

10z

2892
=» GaussE(A, D)

ans =

1259 241 1213 £92 347 243

Figure 6: Solution to the Problem using the Math Lab softwee

RESULTS AND DISCUSSION

When comparing values of flow counts from Equation 4 with th63ealle 3 the results

show complete agreement. There is more traffic flof yarm (1251). This implies that
there is more traffic flow in Bosso Zungaru towards Tunga ribaiffic light is to be
mounted at this round about more preference is to be given to Bosgaru - Tunga road in
order to eliminate unnecessary hold up. This indicates thanttisematical method used for
solving“traffically determinate” 3-arm roundabout results iwisend significant saves time
and labour cost.

This research work has solved problems network flow. Problé&msrdnsport should not
look difficult to the industrialists again. In some casesunal traffic counts are used and on
others more sophisticated devices, such as automatic tafinters, video cameras are in

use to gather the necessary information on traffic sutdafis flow, composition of traffic
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and turning movements at junctions. . The solution to tranppaistem helps to minimize
cost, example in distribution of goods and in the usage fittcounters, to maximize profit
for businessmen and businesswomen, safes time, safesalifgplexreduces emission of
carbon into the atmosphere when traffic is controlled afed $he environment from global
warming.

This research work has come at right time to assist gment especially transport

management for proper planning and management of traffipantizular place.
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