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Abstract. Traditional dynamic OD (Origin-destination) analysis is an important
method of acquiring traffic information in urban traffic studies. However, just
one single parameter of the traffic flow could be obtained from the traffic flow
database, and it is always fractional and uncertain. A new dynamic OD analy-
sis method based on time slice is put forward here to obtain traffic information
more comprehensive than before. First, the length of time slice, a necessary
factor to preprocess the dynamic OD data could be estimated in terms of his-
torical OD matrix. Consequently, the OD data can be analyzed to get traffic in-
formation within each time slice. More traffic parameters within an interval of
time such as travel time, vehicle volume etc., can be obtained by combining the
results of each time slice. Finally, a practical dynamic OD analysis system is
developed. The results showed the comprehensive traffic parameters can be ob-

tained resorting to the proposed method.

1 Introduction

In recent years, the research and application of intelligent transportation systems
(ITS) have spread all over the world. The dynamic self-adapting traffic management
is the goal of ITS. To attain the object, time-based OD matrix is used to reflect traffic
demand with various intervals (such as per hour, per minute, etc.).

The OD matrix can reflect the traffic status in the road grid effectively. The OD
analysis becomes a mainstream method to obtain traffic parameters. Generally, to
obtain OD matrix, there are two main methods including direct and indirect methods
as shown in Fig]. ("%

The dynamic OD matrix has the features of time variance and uncertainty. The
previous research on OD matrix is mainly focused on static OD matrix., in which
traffic information between any OD pairs can be obtained by static multi-route as-
signment model ©°!.

Nowadays, the research is confined in the estimation and prediction of the dynamic
OD matrix, which is mostly applied in the simple road grid such as highways and belt
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Fig. 1. The methods of getting OD matrix

highways “. The methods such as the least square msthOd ©l'and the predication of
dynamic route tra\{el time based on fuzzy judgment ), etc. can not suit to the com-
plex urban road gfld. ' .

A new dynamic OD analysis method is put forward here. An interval is further di-
vided into short time slices. In each t_ime slice, with the calculation of vehicle data
including its location and time coming from the snapshot, the traffic A
within an interval of time can be obtained by combining each time slice. The method
can effectively obtain more traffic parameters in traffic grid such as route trave] fiie
vehicle volume, and so on.

2 Establishment of Model

Because there is the uncertainty in the dynamic OD matrix, a new strategy is pro-
posed that the whole period is divided into small time slices. In each slice, the dy-
namic OD matrix is approximately considered as a static OD matrix, which is proc-
essed to acquire some parameters. The actual traffic information of whole period can
be imitated through integrating the parameters in all time slices.

2.1 Definition of Concepts

Based on the strategy above, the following concepts are defined:

Definition 1: The set of OD pairs is depicted as (0, D )lk=12L m)
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(%)
% denotes the number j</ = 't -") vehicle identification is snapshot in the

number k(k=1,2,...,m) OD pair at origination(i=1) or at destination(i=2).
(k)
t

¥ denotes snapshot time accordingly.

( ) ,“(k)) !
Thus \*" : becomes a pair of key-value.
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Definition 2: Road grid dynamic OD data matrix is depicted as A=

X (i=1L .n) ,r" (=1L ’"),s" (l Sl ’n)denotes the vehicle identifica-
tion, the time of snapshot, and the location identification of snapshot respectively.
X, Tyt 5= s,
M M M

Treasi > 8L

n

% sa 0 : g
Definition 3: The road travel time matrix is depicted as C="" ;

x (i=LL, n) denotes the vehicle identification.

r, (i=LL ) denotes the time interval of the two snapshot time.
s, s, (i=LL ,mj=1L ,n) denotes the route from s, to s, that the same

vehicle passes.

2.2 Selection of Time Slice

The time slice can be acquired by analyzing the history data of every cross-road.
Because the traffic flow has a periodicity feature, the target OD pair’s time slice can
be obtained by matching with history OD matrix under appropriate threshold of vehi-
cle volume ®. The selection of threshold is very important. If the threshold becomes
larger, the precision will be decreased. If it becomes smaller, then process time spend-
ing will increase, even induces the “Runger phenomenon”— the smaller the time
slice is, the larger the error becomes.

2.2.1 Time slice algorithm of two OD pairs

Considering two OD pairs--- (@ D) ; (©: D.) | their history matrixes of

1 I
x,,( ’u()

M M
0, i 01 D,

snapshot records are
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x50 ando2 e o) Dy [n."’ ':-“)] , the threshold is

p. The time slice algorithm is depicted as follows: ‘

Step 1: The redundant and invalid data can be removed by matching the pairs of

key and value in @+ D1 with the ones in ©: D, , then new matrixes are
obtained _ 2 as follows:
i T T o
M M M M M M
J— — —) —_— ) —) —_— . —s —_—
0, x.,.(I i D, Xim 'x-‘u and 2 x,,,( ) l,,,(') D,
—() (2)
X2 2
M M
—) —@) : ;
X4 L2 . The constraints are depicted as follows:
m<nh<n
—@) —0) My _ ). —@) —@
v =%, € i=Lmin(x,Oi=1,..m t, <t
—— —(2) g o
L= Ve D=Lk A (2, D021,
—(2) —(2)
< IZI

1 ; )
Step 2: Assuming the threshold is p, m = h, there are three conditions below:

i if p>h, then the OD pair Ol DI A 02 D2

the threshold condition, the algorithm stop.

don’t satisfy

O, D .
i, If p€ (m, h],then only 2 72 satisfies the condition. So p cor-

responding records can be chosen randomly from 0, D, . The re-

sult s depicted as follows:
=) =) =(2) =(2)
X i X3 Y

_ M M _ M M

e =) =) =(2) ==(2)

02 ‘xlr ‘ll D2 x); '2’

jii. If pSm, then the two pairs both satisfy the condition. So p corre-

. 0, D, 0, D,
sponding records can be chosen randomly from ~! V' Y2 T2,
The result is depicted as follows:

=) =) =(1) =(1)

i . L, X [
— M M _ M M .
n 0 =0 n 0 =0 o
Ol le llr Dl x}p ’X’ 02
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Step 3: If p € (m, hJ, the time interval between the earliest time of 2 and thS_EItest
e 2)

time of D, can be obtained. For example,. the earliest time of is
=(2) p= —(2)

g 2 : D = e
L= Do, ),andthe latest time of 2 is ‘v migstin 210, 12,5 P

0y

the time interval is ! i, Loy . So the time slice is At t; If p=<m, then the two

time interval between ~'and ', ~2 and D, can be obtained. For example, the

o in(ry, D,
0‘ is b s M ) . the latest time of ! s
=(2)

g, 5—_ t =min(t, )
tp, = max(ly ). ;:and the earliest time of is (@,

earliest time of

, the latest time of

=(2)

D, is In, w1 i 1,2... p , the two time intervals are respectively

=~

1 t/). t"l and h t”z t”z . To satisfy the threshold condition,

At max A is selected as the time slice.

2.2.2 Time slice algorithm of multiple OD pairs

{(Ok,Dk)“‘:l’z'L ,m}(m 23),thenthe

If the set of OD pairs is depicted as
algorithm can be shown as follows:
Step 1:Because of the space similarity of traffic volume, the two neighboring OD

{(oD,,0D,,))1k=13L ,m-1} oD

pairs can be treated as a group: * denotes

(0..D,)

Step 2: Call the algorithm depicted in section 2.2.1 to figure out the time slice of
At k=l 3 L am-=l

each group. The result is{ 1 } ;

Step3: The time slice of the area road grid can be obtained as follows:
A[=Sup{Atk|k=1 3L ,m—l}.

2.3 Algorithm of Travel Time

The travel time refers to the average time that the vehicles spend when passing the
neighboring road crosses. The dynamic OD matrix constructed from snapshot data is
divided by the time slice. The dynamic OD matrix is analyzed with static OD analysis
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during each time slice. The algorithm can be shown as follows:

Step 1: The dynamic OD matrix data are filtered in each time slice &f according
to the initial time t in order to obtain the domain that the algorithm runs. For ex-
ample, the OD matrix data transmitted from optical receiver is depicted as

X LS
M M M

A= T by S .then the filtrated data is
X LS,

L [M M M|(m<nit<t <t+AL)

R .R - AR

Step 2: Because there exists redundancy in the matrix data, the data must be pre-
processed with the vehicle identification matching to remove the abnormal or sin-
gle data. The algorithm is depicted as follows:

5 X,
i. X )
ii. Traverse the record matrix R with X
%, =% : : R
iii. If = , add the x and x; corresponding records into the set , and

at the same time delete those corresponding records in R If there is
only one record left in R ,80 to the step ; otherwise rearrange the re-

; X, :
cords and give value " to the first record, then go to step i

2 P F . p 7
iv. If W , delete the record that the x corresponds to in R . If there is
only one record in the R ,80 to the step ;else rearrange the records
2 X ©
and give value "' to the first record, then go to step i;
V. The algorithm ends;
X iy 5
M M M

The final result is R: R=\" % S (h < m, the vehicle identification

%, ielln] corresponds to multiple records)
Step 3: Compute the travel time from the OD matrix data obtained from step 2. If

: . R
the count of records that * corresponds to is , the  records are depicted as ~ ' :

u [{ §
M M M
“ Ml Swie) Then do subtraction of the time field of every two re-
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2
cords in R, ; C records can be got. The result is depicted as
u T, s, > S;
M M M

C, y C, u T,,(f_, Siekat ™ Skl

Step 4: Filtrate €. with the use of adjacent relationship of two road-crosses in

road grid topological structure. The result is
u f s, > s,
M M M b
6 C, Ul Sy = 3, T,' . S; o S, S ..
gy o (7">0 0<i<m adjacent to adja-

S
centto ")

Step 5: Loop step 3 and 4. The travel time matrix C. 1sish o every

group data are obtained. The travel time matrix between two adjacent road-crosses
of  one vehicle can be depicted as partitioned ma-

el (T o N P o))
Step 6: The records in C are the travel time of single vehicle, the road average

travel time is the weighted mean of the records inC . For example, the records

X y i 5, > 8,
M M M
D, .D 520 T, s, o s,

AP S el
the road ' J corresponds to in C are

Vehicle i is assigned a weight & according to the vehicle type X The weight &
can be determined by many methods such as statistical mean value
method binomial coefficient method paired comparison
method CCM analytic hierarchy process etc. Now the matrix is depicted

x, T, s =53,

M M M M

X i s, > 5,%, S,

; S; .
. The road average travel time of ' I is

» v il : ; .
s k=m . The matrix ~' only includes the information of road and

L,

travel average time. The final result C is combined from
o= i g R H T
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3 Application

This research has been applied in the intelligent traffic guidance information plat-
form of Hangzhou city China. The system’s main functions are include the inquiry of

traffic flow, Graphic inquiry and Exportation of excel.

3.1 Running Procedure of the System

3.1.1 Computation of Time Slice

In this part, two road segments are taken for example which are from Yan’an-
Qingcun roadcross to Qingcun-Zhonghe roadcross and from Linying-Shuguang road-
cross to Huanglong-Shuguang roadcross respectively.The OD matrix data are sam-
pled from the four roadcrosses above. The time segment is from 10:10:00 a.m., Jan
3th, 2006 to 10:20:00 a.m., Jan 3th, 2006. The threshold is 10 vehicles. 10 records
are selected from those samples randomly. The matching results are shown in Table 1
and Table 2:

From the two tables above, the earliest time of 10 vehicles passed Yan’an-Qincun

roadcross is ' =10:12:11, the latest time of Qincun-Zhonghe roadcross is

In, =10:16:24. Then the time interval is Lty L, =4 minutes and 13 seconds.
Similarity, the earliest time of 10 vehicles passed Linying-Shuguang roadcross is

t . :
% =10:10:48, the latest time of Huanglong-Shuguang roadcross is fn =10:15:48. The

time interval is to, L, =5 minutes.

L4

According to the algorithm above, time slice is A7: At max =5 min.

3.1.2 Computation of Travel Time

With the time slice A7, we can obtain the travel time from Yan’an-Qingcun road-
cross to Qingcun-Zhonghe roadcross in the time between 10:10:00 a.m., Jan 10th,
2006 and 10:20:00 a.m., Jan.10th, 2006.

First, the data are further filtrated according to the time slice and system trigger
time at which the system starts to run. For example, if the system trigger time is
10:17:00 a.m. Jan. 10th,2006, then the processing period is from 10:12:00 a.m. Jan
10th,2006 to 10:17:00 a.m. Jan. 10th,2006. Second, every two of the filtered data
make subtraction with each other. Then the mean value can be acquired (the vehicle
type of the vehicles in this sample are considered the same). Table 3 shows process.

The time intervals of each sample are as follows:f =Imin 40sec T2 =2 min 57

sec v =2 min 44 sec T« =3 min 20 sec 's =2 min 29 sec '+« =2min

T

52sec 7 =3mindsec Ty =2min41sec Ty =2 min 52 sec Uy =2 min 06

sec 111 =2 min 38 sec. The weight is®: : ¥r=1/1] k=12L 11  And finally
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= 1 —
= =T, : :
the average travel time is depicted as7 : = =2 min 40 sec with the algo-

rithm above.

Table 1. The 10 samples randomly obtained from Yan’an-Qingcun No.l and Qingcun-
Zhonghe(No2) roadcrosses

Extreme
Samples 1 2 3 4 5 6 7 8 9 10 e.arlyllate Interval
time
Vehicle | A36B | A3T6 |A56JX| A56U |BTE4X| AT79 | A70X| AT | AT |B33IX
ID XX | XX X XX X XX | XX |78XX | 5XX X
10:12:|10:13:]10:14:10:13: ] 10:13: 10:12: [ 10:12: | 10:14:] 10:12:) 10:12: 10:12:11
S 37 20 20 12 22 11 30 20 54 34 i .
4min
13sec
10:14:{10:16:| 10:16:] 10:16: | 10:16:{ 10:15: [ 10:15:] 10:16:| 10:14: | 10:15: 10:16:24
No2, [-59 | 07,420 |- 08 [reaae|® sstulicssia] a0, [cuse o ST0L

Table 2. The 10 samples randomly obtained from Linyin-Shuguang(No.1) and Huanglong-
Shuguang(No.2) roadcrosses

Extreme
Samples | 1 2 3 4 5 6 7 8 9 10 |early/ Interval
late time
Vehicl A A A B B A A A A A
eu;“ 456X | T36X |54YX| 674X | 454X | T56X| 771X | T9P3 | 165X | 6HIX
X X X X X X X XX X X
10:11:{10:11:{10:14:/10:10:{10:11:/10:10:)10:11:{10:11:{10:13:|10:14:], . .
Nol |70 1"50 | 20 | 48 | 20 | 37 | 20 | 15 | 20 | 20 |'0:10:48 :
10:13:{10:14:{10:15:/10:13:{10:14:/10:13:{10:14:/10:14:|10:14:{10:15: il
No2 "™ i3 | 2 | 37 | ss | 18 | 20 | 11 | 10 | 48 |'0:15:48
Table 3. The computation of travel time
Time
Samples 1 2 3 4 5 6 7 8 9 10 11 [mean
value

AT28 [A471 |A13X |AS3X |ASTQ [AT63 |B23X [B67X |A546 |B465X|ATIO0

Vehicle ID XX XX X X XX (XX X X XX X XX

No.l 10:14:|10:12:|10:13(10:13: {10:14:]10:12:{10:12:110:14:]10:13:] 10:14:{ 10:13:
35 24 55 11 11 45 12 42 56 20 20

No.2 10: 10: 10: 10: 10: 10: 10: 10: 10: 10: 10:
16:15]15:21116:39 | 16:31 | 16:40 | 15:37 | 15:26 [ 16:23 | 16:48 | 16:26 | 15:58

Time |Imind4 [2minS [2min4 |3min2 [2min2 [2min5 [3min4 [2min4 [2minS {2min0 [2min3 [2min40
interval [Osec |7sec |4sec |Osec [9sec [2sec |sec Isec [2sec |6sec |8sec |sec
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3.2 Exhibition of Results

The graphic inquiry is a distinguishing function of the system, which is shown in
Fig 2(in Chinese). In the query interface, the names of roadcrosses that we concern
are input by clicking the location on the map. They are displayed in the two text
boxes on the first line. The inquiry period between the input start time and the end
time are displayed in the two text boxes on the second line. After the requisite infor-
mation is all input, the road travel time will be shown as in Fig. 3(in Chinese).

The dynamic OD analysis is a basic and effective method of acquiring traffic parame-
ters of road grid. To reduce the complexity and inaccuracy in traditional OD analysis,
an improved dynamic OD analysis is put forward in this article which provides an
effective approach to obtain the traffic parameters.

Two text boxes that display the name of
input roadcross. < Two text boxes that display the inquiry period.

NG endrwenin

PN

Fig. 2. The interface of graphic input

Entrance road cross name ‘H Exit road cross name
———— " : Travel time
> SN NEE L Jime. 409,08 1o “fRe 3 vames 3
% puin onx;#mmu/'

2930 rewd sgen
RBATING APSSLBNC e st nnr

e'na .

Current time

ROPITATYINIA
WURRTAR_ €} N IR
WS \iar W AEACAAY

Fig. 3. Interface of Query Result

The approach has been put into practice in the intelligent traffic guidance informa-
tion platform of Hangzhou, Zhejiang province, China. Results show that the method

can provide travel time correctly and effectively.



268 DONG Hong-zhao, ZHOU Min, GUO Ming-fei, Qian Xiao-hong

Acknowledgment

This research was supported by the Important Project for Key Subject of Zhejiang
Province, China 2006C13100 and the Projects of the Key Subject Open Fund of
Zhejiang Province, China  AMT200506-018 . The authors would like to thank Ms.
WEN Xiao-yue and Mr. XU Jian-jun of the ZJUT-ENJOYOR ITS Joint Institute for

their kind assistance in the research.

References

1. Zhenguo Zhou, Dynamic. OD Matrix Estimate and Utilization Research[D].Master's thesis
of University Southeast,2001.
2. Chen Chaogang,Ma Zhu.The Improvement for The OD Investigation of Road Vehi-
cle[J].EAST CHINA HIGHWAY2003,140:69-73.
3. Luping PanJingchang Chen.The Application of Static Mul-route Assignment Model on
Freeway Plan[J]. Journal of Engineering Graphics.2003,3:37-42.
4. Taifeng Ma.Traffic Control and VehicleRoute Guidance in Intelligent Transport Sys-
tems[D].Doctor's thesis of Tianjin University,1999.
5. YangShao-hui, WangDai-hai, WangYing-ping,DongBin Fitting Travel Time by Least
Square Method[J].Joural of Highway and Transportion Research and Develop-
ment,2006,9(23):90-93.
6. Wensheng Zhang,Qian Yin, Lixin Wu, Lei Xu,Zhigang Zang.The Prediction Model of Dy-
namic Rode Running Time Based on FCE[J]. Geography and Geo-Information Sci-
ence,2006,22(4):25-27.
7. Cai Yonghua.The Research of OD Matrix in ITS[D]. Master's thesis of wuhan university of
technology,2005.
8. Yong Lin,Yuanli Cai,Yongxuan Huang.Dynamic Origin-destination Matrix Estimation for
Freeways[J].Journal of Chang'an University,2003,23(6):83-86.
9. Haihu Wang,Zhixiang Xu.Intelligent Traffic Monitoring and Measuring[J].TV Applica-
tions,2000.
10. M. Bierlaire, F. Crittin . An Efficient Algorithm for Real-Time Estimation and Prediction
of Dynamic OD Tables[J] . Transportation Science EPFL, 2004,1(52).
11. Alan L. Erera ,Carlos F. Daganzo, David J. Lovell . The Access-Control Problem on Ca-
pacitated FIFO Networks With Unique O-D Paths is Hard . Transportation Sci-
ence[J],2002,4(50):736-743.



