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SIMULATION PROCEDURE OF ORIGINAL-DESTINATION MATRIX BASED ON
SAMPLE SURVEY RESULTS BY CARD METHOD

P. Horbachov, Prof., D. Sc. (Eng.), A. Rossolov, Assoc. Prof., Ph. D. (Eng.),
S. Honcharenko, P. G., Kharkov National Automobile and Highway University

Abstract. A new method for forming the matrix of passenger correspondences based on the results of
field investigations on the route network is developed. The procedure of determining the matrix of
network correspondences presupposes the implementation of 3 stages that the appropriate parameters
of demand for transportation are based on each of them. The key aspect of the method developed is
considerable reduction of labour-effectiveness of carrying out inspections on condition of preserving
sufficient appropriateness of the data of the common massif.
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METOJAUKA MOJEJINPOBAHUSA MATPULIBI CETEBBIX
KOPPECIIOHJAEHIIMU HA OCHOBE PE3VJIbTATOB BBIBOPOYHOI'O
OBCJIEJOBAHUSA TABJIMYHBIM METOAOM

I1.®. I'op6aués, npod., 1.1.H., A.B. PoccoJios, aou., k.1.H., C.}O. 'onuapenko, aci.,
XapbKOBCKM HAMOHAJIbHBIA ABTOMOOUIbHO-10POKHbIN YHUBEPCUTET

Annomanusa. Ilpeocmasiena memoouxa Mooeiupo8anus Mampuybl cemesblx KoppecnoHOeHyull 01
cpeonux u 6onbuux 2opooos. Ipeodnosiceno Mooeruposams 3Ha4eHUus BeTUYUH NACCANCUPCKUX KOppe-
CNOHOEHYULl HA OCHOBE Pe3YabIMamos 00C1e008aHULL NACCANCUPOOOMEHA OCIMAHOBOUHBIX NYHKMOE NO

3APUKCUPOBAHHBIM PEUCAM € OANbHEUUUM UX POPMUPOBAHUEM 6 MAMPUYLL MAPULDYIMHBIX KOppe-
CNOHOCHYUIL.

Knrouesvie cnoea: naccasxicupckas KoOppecnoHOeHyus, Mampuya KOppecnoHOeHyul, eMKoOCmb 0Cma-
HOB0YHO20 NYHKMA, MAPUWPYMHASA CeMb.

METOJIMKA MOJEJIOBAHHSI MATPUIII MEPEKHUX KOPECTIOHIEHIIIIA
HA OCHOBI PE3YJILTATIB BUBIPKOBOT'O OBCTEKEHHS TABJIMUHAM
METOJIOM

I1.®. I'op6auos, npog., 1.1.H., O.B. Poccouos, go11., k.1.H., C.}O. I'oHuapenko, ac.,
XapkiBcbKHH HalliOHAJBLHUNH AaBTOMOOIIbHO-10POsKHIl YHiBepcUTeT

Anomayia. Ilooano memoouxky mMoOent08anHs MAMpuyi MepelCHUx KopecnoHOeHYill 0l cepeoHix ma
BENUKUX Micm. 3anpononosano Mooeno8amu 3HA4YeH s GeTUUUH NACANCUPCHKUX KOPECNOHOeHYIl Ha
OCHOBI pe3yibmamis 00CmMeNceHb NAcCaANCUpOOOMIHY 3YNUHHUX NYHKMIE 3a 3aiKcosanHumMu peticamu 3
noOOAnLUWUM IX POPMYBAHHAM Y MAMPUYT MAPUPYMHUX KOPECTOHOEHYTIL.

Knrouosi cnoea: nacaxcupcbka KopecnoHOenyis, Mampuys KOpecnoHOeHYil, MIiCmMKICb 3YyNUHHO20
NYHKMY, MApuipymua mepercd.

Foreword implementation of these actions is original-

destination network matrix, which reliability of

The main task of the route system organization data provides the correct solving of routing

of city passenger transport is compilation ration- questions and development the passenger net-
al scheme of routes with definition them routs work of the city.

and haulage capacities. Source information for
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Analysis of published works

In most cases the travel demand modeling tech-
niques are based on correspondence determina-
tion between two i and j urban zones being
transport districts [1]. The methods to determine
the correspondence matrix can be divided in two
branches. The first one is called the extrapola-
tion methods. It can be referred to this group of
such approaches as «the single growth coeffi-
cient method», «the average growth coefficients
method», «Detroit’s method» and «Fretter’s
method» [2]. The calculation of travel demand
on passenger transport use listed above the ap-
proaches may be executed by the followed for-
mula

, Ml.+Mj
Dl.j =Dl.j-kl.-kj-T, (D)

where D, — the existing passenger correspond-

ence between two transport areas, pass.; kl.,kj —

the growth coefficients of passenger traffic ac-
cordingly in the areas of departure and arrival;
M;, M ; —local factors of the areas i and ;.

The disadvantage of exponential methods is the
low exactitude of obtained results.

The second group of original-destination matrix
formation is called «methods based on the apri-
ory logical hypothesis» [3]. Among the methods
of this group the gravitation models are widely
used that is why this method needs to be deeply
analyzed. In bases of gravitation models there
lies the physical axiom «with the distance
growth between two objects the attraction re-
duces». From this position it was assumed that
with the trip distance growth the number of pas-
senger trips decreases. This statement finds its
implementation in formula (2)

A
4=kt @)
ij

where k — is a scale coefficient; 4;, 4, — are

capacities on departure and arrival accordingly,

pass; R; — is the resistance function of

transport connection areas i and j; o,B,y — are
empirical coefficients obtained as a result of full
scale investigation.

The main problem of the gravitation model ap-
plication is connected with necessary of its cali-
bration. The author in the work [3] proposed the
approach for eliminating of this necessity using
Lagrange’s multiplying factors optimization
method. The calculation of passenger corre-
spondences was proposed to realize using the
formula (3)

F(h)= ii(bij ~h,)* > min,  (3)

i=1 j=1

where b; — the ideal correspondence; pass.;
F(h;;) — the sum square deviation of the calculat-
ed correspondences from the ideal on; 4; — cal-
culated trips, pass.

In spite of possibility to obtain the correspond-
ence matrix without the necessity of model cali-
bration the method [3] has a disadvantage. It lies
in using as the resistance function only transport
factors such as the travel cost, distance or travel
time [4].

Object and set of a problem

The object of the research is the development of
the simulation procedure of original-destination
route matrix based on the table observation re-
sults of passenger rotation on bus stops. As the
object of the research is considered the passen-
ger service process of middle and large cities on
the route network. The subject of the research is
regularities of formulation of the bus stop depar-
ture capacity and their impact on the value of
route passenger correspondences.

Simulation procedure of original-destination
route matrix

The best method of getting of the matrix pas-
senger correspondences is observation of
movement of the city passengers in the transport
network. In case of considering public transport
the observation relates only city routes, the act
of which with passengers implements on the
equipped or not equipped bus stops.

The more reliable and popular is table method of
city route observation and it provides only in-
formation about quantity passengers which load
into route transport unit or left it. Such kind in-
formation is enough for total rating of the traffic
volume but it doesn’t reflect correspondences on
the route.
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In order to convert the bus stops capacity to val-
ue of correspondences between pair of the bus
stops it is necessary to predict the technique of
the correspondences based on plausible hypoth-
eses about passengers unloading from the vehi-
cles on the bus stops. Basis for building munici-
pal matrix of correspondences in this case is
regular matrix of correspondences for all routes
and all runs operated during the observation pe-
riod. It is morning peak or one day as usual.

HC:f(Hﬂ’l’kn)’ (1)

where H_ — matrix of network correspondences;
H_— matrix of route correspondences; k, —

m n

coefficient of passenger rotation.

When the number of transfer in transport is
small in the route network and it may be ne-
glected the municipal matrix of correspondences
represent the simple sum of run matrices corre-
spondences. Each matrix route correspondences

H,, is formed from the run correspondences on
the route during a particular period of time

H,, ={h,}, )

where h, — the value of passenger route corre-

spondence between bus stops p and / during a
particular period of time, passenger.

For the purpose of these methods the route net-
work of the city is represented in the form of a
plurality of bus stops

P= {pl’p2""’pN}’ 3)

where p;, — bus stop; N — the number of bus
stops in the network, pc.

In its turn each run correspondence 4, repre-

sents quantity of the passengers which move
between buses stops p and /. At that each oper-
ate bus on the route makes some quantity of runs
each of them is indicated as 4, . The total quan-
tity of runs during period on the route is repre-
sented as plurality

A={4,4,,4,..,4,}, 4

where 4, — i -run in the route system; Z — total

quantity of the runs which operate in the route
system during review period, pc.

In general it's not possible to cover all quantity
of the runs in observation therefore it is neces-
sary to realize the sample observation. In this
case the question is about method formation and
volume of runs sampling frame.

For solving this question it was made presurmise
that all routes have approximate similar attrac-
tion for passengers, i. e. it is absent advantages
in choosing the route and passengers board in
the first bus that follows from p to /.

The bus quantity on every route, in which the
checkers are, represents the sample from the
general number of the buses from the routes. So
it is obviously that not the every run (bus) is
checked because of large scale of the medium
and big cities. In such conditions the general
number of the checkers is » and every checker

can fix only some number of the run trips #,,,

which are the sample from general amount of
the runs between bus stops p and /. So the first
conclusion can be made — the more route runs

have been fixed 4, , the more accurate the

estimation of the total volume of the trips 7,

will be.

Based on this the task is to determine the num-
ber of the runs which have to be checked that
will allow to predict the general totality 4, tak-

ing into account the given level of confidence P.

According to that the follow equality has to be
performed

A
hy, = Z i )
J

where j — the bus index.

It has to be noticed that as the result of the sur-
vey the investigator obtained only some sample
of the general totality. That leads that obtained
volume of the trip run between some bus stops p
and / will be less than general number. So the
special coefficient of harmonization has to be
established which will align the obtained data
with the real one. For public transport this coef-
ficient is can be formalized as:

c, =% ¢ o>1. (6)

ay

If C, =1, the survey is not the selective, it is
general.
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As the result of multiplying the coefficient on
trip volume between bus stop p and / we obtain
numerical row

(o -h,p, +C, -th,+C3 -h3p, +...+C, -hnp,, (7

where 4, — passenger trip on the n route,

which is particularly, is the random number,
pass.

Using the table method it is impossible to fix the
trip volume between some pair of the bus stops.
But on the base of the survey results for example
the number of passenger which entered the route
vehicle till certain bus stop is can be defined

D(]):D1+D +D~+2+---+Dj_]9 (8)

i+l i

where D, — the quantity of the passengers which
entered the vehicle on 7 bus stop, pass.

Respectively, the passenger volume, that left the
route vehicle till j bus stop is defined as
AN =4+ A+t 4, 9)

i+1

where A4, — the volume of passengers that left

i+l

the vehicle on i+1 bus stop, pass.

It is obviously that (8) is equal to (9). On the
base of that we can make the mathematical es-
timation of the volume of the route trip

Zy(m)z%-Aj. (10)

Obtained capacities of the bus stops allow to
execute simulation of the original-destination
matrix for the one run in two directions.

But the main task is obtaining the day original-
destination matrix on survived route. For that it
is necessary to have the data about trip rotation
on all runs on the route, what under condition of
the sample survey is can’t be performed. In such
condition it is occurred the necessity of using
the simulation of bus stop capacities on the base
of theory of probability and mathematical statis-
tics. The hypothesis having been put forward is
the capacity of the bus stop is random discrete
value that is distributed according to Poisson.
The results of sample survey on the Okhtyrka
city route network are taken as statistics.

The survey has been carrying out for 5 days in
period from 10 till 14 November 2014. The
route network of Okhtyrka city consists of 29
bus routes on which operate 35 vehicles. The
sample survey is stared every day at 6:30 a.m.
and finished at 6 p.m. It has been inspected 170
runs for the all period of the survey. On every
observed unite (run) it has been checked the hy-
potheses about accordance with Poisson. The
figures 1 and 2 show the example of histogram
of empirical frequency distribution and given
estimation of their consistency with the theoreti-
cal distribution of the random variable.

Variable: Ne4 morning (direct), Distribution: Poisson, Lambda = 533333
Chi-Square test = 1,82377, df = 1 (adjusted) , p = 0,17687

No. of ohsevations

Category (upper limits)

Fig. 1. The histogram of bus stop capacities dis-
tribution on route Ne4 in direct direction

Variable: Ne4 morning (opposite), Distribution: Poisson, Lambda = 3,95238
Chi-Square test =2,24141, df = 1 (adjusted) , p = 013436

No. of chservations

V

9 1 1 12 13 14

Category (upper limits)

Fig. 2. The histogram of bus stop capacities dis-
tribution on route Ne4 in opposite direction

So, hypothesis did not refute, that is why the
probability of D quantity of passengers which
came to the bus stop will be simulated like

}\‘D

p(D)= DI

e, (11)

where A — the parameter of distribution low; D—
the volume of the passengers that can come to
the bus stop during a period of time, pass.
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The day period of routes working has been sepa-
rated on 3 terms: middle rush period, morning
and evening rush period. On the base of the re-
sults of the sample survey it has been deter-
mined the numerical values of the parameter A .
The results are showed in the table 1.

On based data from table 1 it was made model-
ing of the matrix passenger trips for all runs on
the route of Okhtyrka city. The example of the
one run matrix trips is indicated on the fig. 3.

Table 1 The numerical values of the parameter A on bus routes in Okhtyrka city

Observation period
Route morning rush period middle rush period evening rush period
number direct opposite direct opposite direct opposite
direction direction direction direction direction direction
1 2,78 2,45 2,54 1,05 - -
la 2,11 2,26 - - - -
2 2,5 1,9 - - 2,22 1,6
11a 2,42 2,07 - - - -
16 2,81 2,16 - - 2,63 2,45
18 - - 2,85 1,8 3,6 2,38
20 1,4 2,9 - - - -
22 4,11 2,15 - - 2,5 1,8
23 - - - - 3,85 2
11 2,42 2,08 - - - -
24 1,42 1,8 - - - -
5 2,82 3,35 2,55 1,17 - -
S5a - - 1,75 1,13 - -
5,33 3,95 1,96 1,88 - -
9 1,9 2,45 - - 3,87 3,17
25 - - - - 2,23 2,54
17 2,63 3,27 - - 2,81 2,67
14 - - - - 2,2 1,12
8 1,87 4,43 1,31 0,75 - -
15 - - 1,67 0,6 - -
7 2,81 2,69 - - 1,67 2,67
10 2,46 2,22 - - 2,13 2,33
6 3,5 2,95 - - 2 2,9
13 - - - - 2,28 2,63
3a 3,96 3,62 - - 2,91 3,54
The sequence
number of stop | 1 2 3 4 5 6 7 8 9 10 11
1 0 0 0 0 1 3 2 0 0 0
2 0 0 0 1 6 5 0 0 0
3 0 0 1 3 2 0 0 0
4 0 0 1 0 0 0 0
5 0 1 0 0 0 0
6 0 0 0 0 0
7 0 0 0 0
8 0 0 0
9 0 0
10 0
11

Fig. 3. Run matrix correspondences on the route 3A run 6:58 traffic in transit
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It was assigned numbers for all bus stops based
on their belonging to transport hubs. The next
step is determination of the affiliation of each
bus stop to the appropriate transport area.

In this case the transport areca will consist of
some quantity bus stops, i.¢.

R:{p],pz,p3,...,pq} , (12)
where R — plurality of bus stops that character-
izes the transport area; ¢ — number of the bus

stops which are included to transport area, pc.

Accordingly, it will satisfy the condition

(13)

where Z — plurality that formed by the transport
areas and reflects the territory of the city.

The result of Okhtyrka city area separation on
the transport areas is shoned on figure 4. It
should be mentioned that on the route network
the transport service is executed in regime
«route taxi». This causes performance by route
vehicles the stops at the request of passengers.
That leads to increase of complexity of original—
destination matrix simulation. The sample of the
route O-D matrix represented of fig. 5.

Based on described method it's been done mod-
eling 680 original-destination run matrixes

which were then aggregated into 58 routes ma-
trixes (direct and opposite directions).

The result of the research is formed from 58
routes matrixes final network original-
destination matrix for all work day of passenger
transport in Okhtyrka city.

Fig. 4. Result of separation the city territory on
the transport area
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Fig. 5. Original-destination matrix in direct direction on route Ne3 A
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Conclusion

The developed method of route original-
destination matrix simulation allows to estimate
the volume and the scale of the existing demand
of city population on passenger network service.
It can be executed on the base of sample survey
of passenger traffic with further random genera-
tion of original-destination run matrixes.
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