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Application of cluster analysis and stepwise regression
in predicting the traffic volume of lanes
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Abstract: Because of the difficulty to obtain the traffic flow information of lanes at non-detector intersections in
most metropolises of the world, based on the relationships between the lanes of signal-controlled intersections,
cluster analysis and stepwise regression are integrated to predict the traffic volume of lanes at non-detector
isolated controlled intersections. First cluster analysis is used to cluster the lanes of non-detector isolated signal-
controlled intersections and the lanes of all signal-controlled intersections with detectors. Then, by the results of
cluster analysis, the traffic volume samples are selected randomly and stepwise regression is used to predict the
traffic volume of lanes at non-detector isolated signal-controlled intersections. The method is tested by the traffic
volume data of lanes of the road network of Nanjing city. The problem of predicting the traffic volume of lanes
at non-detector isolated signal-controlled intersections was resolved and can be widely used in urban traffic flow
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guidance and urban traffic control in cities without enough intersections equipped with detectors.
Key words: intelligent transportation systems (ITS); cluster analysis; stepwise regression

With ever fast progress of the world’s economy,
the traffic volume of the world’s metropolises is in-
creasing quickly, and the consequence of this is severe
traffic jams. To some degree it restricts people from
going out. In the USA, the loss in monetary terms to
traffic jam and delay is estimated to be more than 100
billion US dollars'". If these problems are not solved,
they will continue to constitute an obstacle to social
progress. To effectively improve the management of a
city’s traffic, every country applies modern science and
technology, such as traffic control systems, traffic flow
guidance systems, intelligent transportation systems
etc. As road networks develop in most metropolises a-
round the world there are also increased numbers of
dots within the roads network (Here dots refer to sig-
nal-controlled intersections. ) The modern management
of road networks in a city must be based on the traffic
flow information. So it is important to study the traffic
flow information of signal-controlled intersections. But
at present the data of the traffic volume is mainly ob-
tained from the detectors at signal-controlled intersec-
tions. In most metropolises not all signal-controlled in-
tersections are equipped with detectors. It should be ob-
served that within the respective metropolis, the number
of the signal-controlled intersections with detectors is
less than ten percent of all signal-controlled intersec-
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tions within the city. And there are lots of non-detector
signal-controlled intersections. So the traffic flow infor-
mation for non-detector signal-controlled intersections
cannot be obtained easily, especially the traffic volume
of lanes at non-detector isolated signal-controlled inter-
sections ( because the isolated signal-controlled system
is the basis of urban traffic control system). It is very
important to predict the traffic volume of lanes at non-
detector isolated signal-controlled intersections. In or-
der to obtain the traffic volume of lanes at non-detector
isolated signal-controlled intersections, we must study
the relative relationships between the non-detector iso-
lated signal-controlled intersections and the signal-con-
trolled intersections with detectors, and predict the traf-
fic volume of lanes at non-detector isolated signal-con-
trolled intersections by using the traffic flow volumes
of lanes at the signal-controlled intersections with de-
tectors. In this paper we will introduce the integration
of cluster analysis and stepwise regression to predict
the traffic volume of lanes at non-detector isolated sig-
nal-controlled intersections.

1 Basic Idea

We will predict the traffic volume of lanes at non-
detector isolated signal-controlled intersections. Al-
though not all signal-controlled intersections of metrop-
olises have been equipped with detectors and the num-
ber of these intersections is limited, there are numerous
lanes at these intersections. If these lanes are equipped
with detectors, the number of the detectors will become
very large. So in this paper we will utilize cluster anal-
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ysis to cluster the lanes of non-detector isolated signal-
controlled intersections and the lanes of isolated signal-
controlled intersections with detectors, and then we will
utilize stepwise regression to predict the traffic volume
of lanes at non-detector isolated signal-controlled inter-
sections'> . The purpose is to simplify the variables
of the equation and keep the equation stable.

2 Computational Procedures

2.1 Clustering procedure

In this paper the variable is an isolated signal-con-
trolled intersection, and the sample is traffic volume.
We will use the similarity coefficient method to cluster
the variables. The basic idea'” ™ is that if the charac-
teristics of two variables are close to each other, their
similarity coefficient will be close to 1 (or —1), other-
wise their similarity coefficient will be close to 0. So
the more relevant variables will be clustered to one cat-
egory and the less relevant ones will be clustered to
different categories.

The similarity coefficient is defined as follows: If
C,; represents the similarity coefficient between the var-
iable y; and the variable y;, then C; must be satisfied
with the following relations:

C, = xley, =ay;

j=x a#0, a is constant

\CU\Sl for all i and j
C;=C; for all i and j

There are many kinds of similarity coefficient. In
this paper we choose the relativity coefficient as the
similarity coefficient.

In this paper we adopt the maximum similarity
coefficient as the cluster criterion. That is, we must
cluster two kinds of intersections with the maximum
similarity coefficient to one category. The similarity co-
efficient R, between category G, and category G, is

R, = maxr; (D)
qiEGP,ql‘EGu

The concrete procedure is as follows:
(D Calculate the similarity coefficient among all

variables and get a similarity coefficient matrix R, ;
therefore each variable becomes its own kind.

) Find the maximum similarity coefficient in the
matrix R, except for the main diagonal line and define
it as R,. Then cluster category G, and category G, to
one category. We define it as G, then G, = {G,, G, }.

@ Calculate the similarity coefficient between the

new category and the other category.

R, = maxr; =max{ maxr; , maxr; }=
qieGS.qjeGk q,er,q,-eGk q,-eGu,qjeGk
max{R ., R, } (2)

(4) We get the new similarity coefficient matrix
and define it as R, .

(® For R,,,, we repeat the same step for R, , then
we get the new similarity matrix R, . Repeat the same
for R, , then we get the new similarity matrix R ;) , and
so on until all the kinds of variables will be clustered
to one kind.

In this paper we will use the data gotten from thir-
ty-three lanes detectors of the different isolated signal-
controlled intersections in Nanjing city on August 6th,
2004. The detectors in Tab. 1 and Fig. 1 are shown as
follows: 1—ccml, 2ccm2, 3—cem3, 4—cemd, 5—
ccmS, 6—cem6, 7—cem7, 8—cem8 (ceml to ccm8 re-
present the names of the detectors which are located in
Caochangmen Avenue.); 9—jyl, 10—jy2, 11—jy3,
12—jy4, 13—jy5 (jyl to jy5 represent the names of the
detectors which are located in Jianye Avenue.); 14—
Ixyl, 15—Ixy2, 16—Ixy3, 17—Ixy4, 18—Ixy5, 19—
Ixy6, 20—Ixy7, 21—Ixy8 (Ixyl to lxy8 represent the
names of the detectors which are located in Luxiying
Avenue. ); 22—ezsl, 23—ezs2, 24—ezs3, 25—ezs4,
26—ezs5,27—ezs6 (ezsl to ezs6 represent the names
of the detectors which are located in East Zhongshan
Road. ); 28—zyl, 29—zy2, 30—zy3, 31—zy4, 32—
zy5,33—zy6 (zyl to zy8 represent the names of the
detectors which are located in Zhongyang Road. ).

The cluster analysis results are shown in Tab. 1
and Fig. 1.

Tab.1 Parameters of system cluster

No Similarity Detector number No Similarity Detector number No Similarity Detector number
© coefficient Row Column " coefficient Row Column " coefficient Row Column
1 0.992 6 4 3 12 0.9303 5 2 23 0.6853 33 27
2 0.990 4 17 16 13 0.9297 13 12 24 0.6763 31 29
3 0.9879 19 18 14 0.9245 6 2 25 0.6754 8 1
4 0.987 3 20 18 15 0.9108 31 28 26 0.6411 31 11
5 0.9837 21 18 16 0.898 4 8 2 27 0.5978 33 14
6 0.9816 17 15 17 0.8390 8 7 28 0.597 4 22 11
7 0.9718 26 24 18 0.87744 30 23 29 0.499 5 10 1
8 0.9703 21 15 19 0.8498 30 29 30 0.3441 10 9
9 0.9677 4 2 20 0.8125 32 29 31 0.3423 22 9
10 0.954 1 25 23 21 0.7427 21 14 32 0.2954 22 14
11 0.9343 26 23 22 0.708 7 13 11




Application of cluster analysis and stepwise regression in predicting the traffic ... 361

R I

ﬁL

=S
1 '

—il—

1

Nra Py

15 1617181920 2114 2733 910 1

78 6 5 234 22121311 28 3124262325

3029 32

Fig.1 Pedigree chart of system cluster

2.2 Stepwise regression procedure

On the basis of cluster analysis, we utilize step-
wise regression'””'” to predict the traffic volume of
lanes at non-detector isolated signal-controlled intersec-
tions. Here we select No. 30 detector at Jianye Avenue
as the lane of the non-detector isolated signal-con-
trolled intersection at which the traffic volume will be
predicted. From Fig. 1, we know that No. 30, No. 29,
No. 32, No. 23, No. 24, No. 25 and No. 26 detectors
have been clustered into one category. So we should
only utilize the traffic volume of the lanes of these de-
tectors to predict the traffic volume of the No. 30 de-
tector. The stepwise regression procedure is as follows:

(D Calculate the average of the original matrix

351‘ =%le<i
e i=1,2,...,p (3)
|
y =3
n go

2 Calculate the deviation-from-average matrix

Sij = Sji = ]Z‘l(xm —)’ci)(ij —Xj)

A
I

y =S8, = z (xg —x) Yk =)
k=1

A
Il

Yy Z (e =) :

K=1

i,j =1,2,..,p (4)
(3 Calculate relative coefficient matrix
Si
g =i =7 — —
VSi VS

The results are shown in Tab. 2.

(@ Adhibit (or eliminate) regression variables

We can prove that in the m + 1 step and the m +2
step of stepwise regression the variables that have been
adhibited into linear regression equation are not elimi-

i,j=1,2,...,p,y (5)

nated in the m +3 step. So in the first three steps we
will repeat the adhiditing procedure. Utilize R*” (k =0,
1,2) to calculate the contribution of every variable in
the first step.

(k)2

o =(r’1;'k) i=1,2, .. pk=0,1,2:m=1,2,3 (6)

T
Find the sequence k, which makes V,'” the maxi-
mum, then we have

Vi = max {V;"}

I<isp

m=1,2,3 (7)
Then calculate

Vi (n-2)

y (r;f’ — V)

If F,>F,, x, will be adhibited into linear regression

equation and then the relative coefficient matrix R'"

=(r;'") is calculated; if F,<F,,, stop calculating. In

this way, the results are shown as follows: all the ad-

hibited variables are ezs3, ezs6, zyl2; all the eliminated

m=1,2,3;k=0,1,2 (8)

al?

variables are ezs3, zyl2; the variables which are not
adhibited into the regression equation are ezs4, ezs5,
zyl5. From all of above, only one variable is adhibited
into regression. It can make the regression stable and
increase the accuracy of the prediction.

(® The linear regression equation is as follows:

y =(4.134 -105.43x") x 107’ 9)

The F test value is 14. 131 and its theoretical val-
ue is 0.5, and the multiple relative coefficient is
0.927 8. Here the value of y is standard value, because
the value of x' is standard value. The predicted value
of y is shown in Tab. 3.

From Tab. 3, we find there exists error between
the original value and the predicted value. The reason
is that the variable which has been adhibited into Eq.
(9) cannot include all the information for all varia-
bles.

Tab.2 Relative coefficients

Detector zy3 ezs3 ezsd ezsS ezs6 zy2 zyS
zy3 1.000 0 0.9276 0.9718 0.1457 0.7903 0.8052 0.8997
ezs3 0.9276 1.000 0 0.9215 0.2200 0.8100 0.8304 0.8417
ezs4 0.9718 0.9215 1.000 0 0. 108 3 0.777 4 0.8190 0.884 4
ezsS 0.1457 0.2200 0. 108 3 1.000 0 -0.0413 0.1384 -0.062 1
ezs6 0.7903 0.8100 0.7774 -0.0413 1.000 0 0.8125 0.8498
zy2 0.8052 0.8304 0.8190 0.1384 0.8125 1. 000 0 0.697 5
zy5 0.8997 0.8417 0.884 4 -0.062 1 0.849 8 0.697 5 1.000 0
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Tab.3 Prediction results

No. Original value Predicted value || No. Original value Predicted value || No. Original value Predicted value
1 28 53.5675 9 251 251.3382 17 266 232.5118
2 107 100. 513 2 10 235 255.713 4 18 275 206. 850 9
3 68 79.864 2 11 247 258.126 5 19 246 231.9316
4 219 240.3132 12 245 248.878 9 20 236 219.128 5
5 208 243.6197 13 239 268. 064 6 21 229 212.0459
6 235 244. 669 6 14 266 248.6119 22 193 186.458 6
7 225 253.3277 15 249 238.7105 23 244 229.859 1
8 259 255. 860 6 16 228 240.976 4 24 225 222.057 6

3 Conclusion

These methods based on the relative relationships
among the traffic volumes obtained from the detectors
of the signal-controlled intersections is adopted to ana-
lyze traffic volumes. So the problem of predicting the
traffic volume of lanes at the non-detector isolated sig-
nal-controlled intersections is solved, which makes the
traffic flow guidance system and urban traffic control
system in the cities that do not have enough signal-
controlled intersections equipped with detectors become
possible. Meanwhile it provides the theoretical basis for
deciding which are strategic intersection (s) and the
macro management of the intersections. With these
methods, when there are lots of signal-controlled inter-
sections with detectors, the stepwise regression and the
cluster analysis method are chosen to predict the traffic
volume of lanes at non-detector isolated signal-con-
trolled intersections. It can reduce the workload, but it
has some disadvantages on prediction accuracy.
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