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ANALYSIS OF PUNCTUALITY COEFFICIENTS IN THE STATIC METHOD
OF RESEARCH

Summary. Complex research of punctuality requires analysismany coefficients. In
the article the analysis and the example of apidicaone of the basic methods of
punctuality measurement — the static one — has jpesented.

ANALIZA WSKAZNIKOW OCENIAJACYCHPUNKTUALNOSC W METODZIE
BADAN STATYCZNYCH

StreszczenieKompleksowe badanie punktuaktowymaga analizy wielu wskaikow
ja oceniagcych. W pracy przedstawiono taka angliwaz przyktad zastosowania jednej z
podstawowych metod badania punktuatie- metody badastatycznych.

1. INTRODUCTION

Punctuality is one of the most essential coeffige@among synthetic criterions of reliability. Itas
feature, which is very important for passengersabee it directly influences subjective passenger’s
estimate of organizer of transportation. It is @partant factor of the quality of public transpdtthas
substantial meaning in the Silesian area, whereesy®f public transport is extended, and it has
played an important role in the field of organieatpf transport system for the whole region.

The method used in the article depends on reseadparture time in definite section on the bus
line. Estimation of several parameters at the sime for several bus lines simultaneously is an
advantage of this method. It enables observatigghehomena on the entire communication route for
all bus lines, which have been served. However iitipossible for this method to observe the
phenomena during a journey.

2. MEASUREMENTS

The exact measurement is a key for complex anatygsinctuality. Theperiod of measurements
has been defined on the basis of applicable nomdsliterature [2]. It has been divided into four
intervals of measurements:

« 6.00-8.00

+ 8.00-13.00
e 13.00-18.00
e 18.00-23.00
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The measurements have been conducted on Tuesdagsie¥days and Thursdays. These days
are representative for this type of measurements.

During measurements two points (the bus statioask tbheen analysed. They were located in
Zabrze on the route of the bus line 840, which estsiKatowice and Gliwice:

* the bus station Zabrze Stowackiego in directioroéte — Gliwice
» the bus station Zabrze Skargi in direction GliwickKatowice.

Decision about the choice of just these measurepw@nts has been made on the basis of analysis
of previous surveys carried out by the dynamic metbn the bus line 840. It has been noticed, that
analysed bus line after running across Zabrze leigations had been generated from the bus
schedule. However, from the point of view of paggEnthese two bus stations were initial points,
where the bad phenomena have appeared.

The route of the bus line 840 and location of twalgsed bus stations have been presented in
fig.1.

Wi =

!}?'“ S{ET

“L‘.ﬁaﬁ%‘é{@ K
: ] - i
SRt

|

-
1

o lq—r\ -

SWIETOCG

-

t

Fig.1. Location of analysed bus stations in Silesieea
Rys. 1. Umiejscowienie badanych przystankéw naatzszAglomeracji Katowickiej

At the Zabrze Stowackiego bus station the follapus lines were stopped [4]:
* bus linie 6 from Katowice to Gliwice,

*  bus linie 280 from Bytom to Gliwice,

¢ bus linie 617 from Zabrze to Gliwice,

*  bus linie 840 from Katowice to Gliwice.

At the Zabrze Skargi bus station the following bnes were stopped [4]:
e bus linie 6 from Gliwice to Katowice,
e bus linie 840 from Gliwice to Katowice.

3. ANALYSIS AND PRESENTATION OF MEASUREMENTS RESULT S

Punctuality is a compatibility with bus schedulstiBhation of several coefficients, which directly
or indirectly influence punctuality, is necessasy ¢onducting complex punctuality analysis [1].

3.1. Deviation

Deviation is a difference between schedule depationet, for every course and real departure
time t.for every course from definite point on the routdos line [2].

d=t, —-t, (1)

Positive value of deviation represents acceleramhnegative — delay.
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Deviation value was indicated by the static metifmdevery measurement, for every day of

measurement, for every interval, for every bus #ind for point of measurement. It is a lot of data,

in the article only average values for every ind&réor every bus line and for point of measurement

have been placed. The results of measurementdleavepresented in table 1.

Average value of deviation

Tab. 1

ZABRZE SKARGI

Bus

Average value of

Average value of

Average value of deviatio

line Interval deviation for interval | deviation for bus line| for point of measurement
[min] [min] [min]
6.00-8.00 -1'33"
8.00-13.00 -1'56" -
6 13.00-18.00 -4'12" 24l
18.00-23.00 -1'36" 1y
6.00-8.00 -4'13" 328
8.00-13.00 -3'15” 1q
840 13.00-18.00 -5'26" 413
18.00-23.00 -2'44”
ZABRZE St OWACKIEGO
B Average value of Average value of | Average value of deviatio
us L ) L . 4
line Interval deviation _for interval | deviation for bus line| for point of measuremenl
[min] [min] [min]
6.00-8.00 -2'53"
8.00-13.00 -1'18” I
6 13.00-18.00 -3'10" 207
18.00-23.00 -0'58”
6.00-8.00 -0'55”
8.00-13.00 -1'32” —
280 93.00-18.00 -3'02” 206
18.00-23.00 -0'53” -
6.00-8.00 -1'56" 231
8.00-13.00 -1'49” -
617 413.00-18.00 -2'23" -156
18.00-23.00 -0'39”
6.00-8.00 -5'53"
8.00-13.00 -4’'05” N
840 93.00-18.00 -3'10” -3'40
18.00-23.00 -0'50"

Positive aspect, which was noticed during the amlyf the coefficient, is insignificant

occurrence a deviation typical of acceleration. Passengers don'’t like it very much. Very large
deviations typical of delay occur in both direcsofor the bus line 840. At the Zabrze Skargi bus
station this value essentially influences averaageerfor the point of measurement. For this bus lin
these values are unacceptable to passengers. &iniagicases the delays are tolerated by users of

public transport.
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3.2. Tolerance

Tolerance is an interval, in which occurring depaattimes argéecognized as punctual, despite
that, they may be delayed no more thgnand accelerate no more thian, [3].

KZKGOP currently postulates 2 minute delay indemanly of the season of the year. One
minute tolerance of this interval is acceptable [5]

In static method of measurement we may presertbteence as a change of deviation in time. It
has been presented in fig.2a and fig.2b.

6.00- 8.00 8.00-13.00 13.00- 18.00 18.00-23.00 6.00-8.00 8.00-13.00 13.00- 18.00 18.00-23.00
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Fig.2a Fig.2b

Fig.2a. Average value of tolerance in all intenatishe Zabrze Skargi bus station

Rys.2aSrednia tolerancja odchytek na przystanku Zabrzedkee wszystkich przedziatach pomiarowych
Fig.2b. Average value of tolerance in all intervatishe Zabrze Stowackiego bus station

Rys2b.Srednia tolerancja odchytek na przystanku ZabrzevSékiego we wszystkich przedziatach
pomiarowych

Legend:
I:l bus course which is included in tolerance bordeusi¢tual)

% bus course which is included in tolerance errodbws (punctual)

//////////% bus course which isn’t included in tolerance basdenpunctual)

The biggest delay had occurred in the interval @3:@8.00. The smallest delay occurred in the
evening hours. It is a result of the smallest irdfitensity. Maximal delays were noted for the bns
840.

3.3. CoefficientU — arduousness of unpunctuality

In case of public vehicle delay one of the effastéengthening of waiting time. On the other
hand, when the vehicle departs earlier, then thiegbgpassengers will not be served. Then passenger
experiences a large waste of time.

Arduousness of unpunctuality expresses excessiitgéime. It is a difference between a waste
of time for a chosen deviation and a waste of fionen ideal punctuality [2]. This coefficient dedis
a waste of time, which is a result of appearanadesfation from bus schedule.
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Excessive waiting time is a subjective measurerdfi@usness of unpunctuality, which is well

perceived by passengers. The value of coeffitieistmarked for individual cases of deviation [2]:

-130d -16 for

097[h for

d<-2

-050d for —-2<d<O
01620h [dl for 0<d<6

d=>6

(2)

where:d — deviation from bus schedule, which is definedhinutes (,+” means acceleration , -,
means delayy) — average interval between vehicles, which isndefiin minutes

Rudnicki [2] proposes to assign an estimate fduansness of unpunctuality to range of coefficient
U value. It has been presented in the table 2.

Tab.

Scale of estimate for arduousness of unpunctuality

Range of coefficient[min] Estimate
0,0+0,9 very good
1,0+1,9 good
2,0=3,9 satisfactory

4,0 and more unsatisfactoyy

The larger value of coefficieft is, the worse the punctuality is.

The arduousness of unpunctualityalue has been presented in the table 3.

2

Tab. 3

The arduousness of unpunctualityalue and its estimate

Interval Estimate for point
5.00 — 8.00 8.00 — 13.00 13.00 — 18.0C 18.00 3.0 °f me[r?]?r‘]’]reme”t
D D D D D
182 _| ¢ |&2_| g |8>2_| g |&>2_| g |[&>2_| ¢
¢ |58E| I |52F| f |E3E| £ |88E| I |S:E| &
2 2S5 7 |28 3 |28%| 3 |28%| 3 |2%f| 3
L L L L w
ZABRZE SKARGI
6 1,74 good 2,41 sat. 4,33 unsgt. 2,77 sat. 3p1 t sa
840 4,03 unsat. 3,28 sat. 5,49 unsat. 5,49 ungat. ,28 4 unsat.
All 2,89 sat. 2,84 sat. 4,91 unsat. 3,16 saf. 3,66 sat.
ZABRZE St OWACKIEGO
6 2,56 sat. 3,30 sat. 2,57 sat 7,20 ungat. 382 t. ga
280 2,31 sat. 1,80 good 3,28 sat 6,05 unsat. 2)89 sat.
617 2,24 sat. 2,97 sat. 1,92 sat 6,94 ungat. 2|86 sat.
840 6,14 unsat. 4,19 unsat. 3,17 satl. 7,22 ungat. ,46 4 unsat.
All 3,36 sat. 3,27 sat. 2,75 sat. 7,02 unsat. 3,44 sat.
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During the analysis of average coefficidtvalue for Zabrze Skargi bus station it has been
noticed, that estimatgsatisfactory” had occurred most often. This estinfed also occurred for point
of measurement. Theunsatisfactory” estimate has appeared the mosh dftethe bus line 840. It
shows that the bus schedule for this bus line igraper fitting into traffic conditions.

At the Zabrze Stowackiego bus station it has alsenbnoticed that the most often estimate is
»Satisfactory”. This is an estimate for this poifitneeasurement. It depends on two factors: a big
interval between vehicles in bus schedule and dnegjuency of coursing.

3.4.Coefficient Q — degree of punctuality

Every man feels, that the borders between punafepartures and departures, which are
considered as unpunctual are diverse. In realiyitha subjective estimate. Therefore a fuzzyiset
proposed to use as a measure of punctuality.dessribed with the help of the affiliation functi@n
This function has been constructed at followingnidations [3]:

e Q=1 for departures with small deviation (accepdiy} passengers),
e Q=0 for departures with big deviation (unaccemadiyf passengers),
* QUO(0,1) inthe other cases:
- whenQ is closer 1 then the degree of punctuality is high
- whenQ s closer 0 then the degree of punctuality is low
The value of coefficien for individual observation may be estimated fr@h [

0 for d <d,, d >2
d —d, for d, <d, <d,
Q =4d,-d, 3)
2-d, for 1<d, <2
1 for d,<d <1
where:d, — value of deviatiord1 = —M X d2 =- h+ 75, h — average interval between arrivals

45 45

Rudnicki proposes to assign an estimate for degfgaunctuality to a range of coefficie@
value. It has been presented in the table 4 [3]

Tab. 4
Scale of estimate for degree of punctuality

Range of coefficientQ Estimate
0,86+1,00 very good
0,71+0,85 good
0,41+0,70 satisfactory

0,40 and less unsatisfactory

The larger value of coefficieQ is, the better the punctuality is.
The degree of punctuality value has been presented in the table 5.



Analysis of punctuality coefficients... 17

Tab. 5
The degree of punctuality value and it estimate.
Interval Estimate for point
5.00 — 8.00 8.00 — 13.00 13.00 — 18.04 18.00-@3.0 m‘?r?]?r‘]‘]remem
e 80| 8 | 89| ¢ | 89| ¢ |80 & | 8o ¢
= ) £ ) £ ) £ ) £ o £
21 %5 | % | 85| % | %% | % | %= | % | 85| @
oM < > Ll < > Ll < > w < > w < > w
ZABRZE SKARGI
6 0,86 v.good 0,74 good 0,41] sat, 0,95 v.gqod 0,67 sat.
840 0,31 unsat. 0,53 sat. 0,13 unsat. 0,75 ggod O 0j4 sat.
All 0,58 sat. 0,64 sat. 0,31 unsat. 0,85 goad 0,53 sat.
ZABRZE SEOWACKIEGO
6 0,64 dost. 0,73 good 0,66 sat, 0,68 saf. 0,0 dgoo
280 0,90 v.good 0,94 v.good 0,54 sat 0,63 sat. 10,7 good
617 0,71 good 0,73 good 0,78 good 0,70 sat. 0,/4 odgo
840 0,17 unsat. 0,53 sat. 0,57 sat, 0,79 gopod 0/52 sat.
All 0,60 sat. 0,70 good 0,64 sat. 0,74 goad 0,66 t. sa

For the Zabrze Skargi bus station the most oftecuming estimate is ,satisfactory”. This
estimate has been also appeared for the point asunement. The occurrence of estimation ,very
good” for the bus line 6 in the mornings and evgsirs a positive aspect, which has been noticed
during the analysis of this coefficient. The bueli840 has the worse values of this coefficient tha
the bus line 6. It is a second argument, which shakat the bus schedule for the bus line 840 is no
proper fitting into traffic conditions.

For the Zabrze Stowackiego bus station the mostnoficcurring estimate is ,satisfactory”.
Average value of degree of punctuality for the pofhmeasurement is also ,satisfactory”. Generally,
the estimate of) is better for the lines, which course on shortertes (280 bus line and 617 bus line)
than for the others.

4. CONCLUSIONS

The analysis of punctuality has been a subjecthid article. The measurements have been
conducted by static method of research. The Silemiaa has turned out to be a perfect place to make
it. During the measurements the departure timegubfic transport have been registered exact to a
second. On the basis of research the numbers fficieets have been estimated and the complex
analysis has been conducted.

The analysis of the measurement results showspthattuality depends on many factors. One of
them is the traffic intensity, which has changedmuthe day. It also shows the value of deviation,
which is acceptable in the evening hours and umabke in the morning and afternoon hours. Bad
adaptation the bus schedule into prevailing traffanditions is another factor. The analysis of
tolerance has presented the problem. The bus detfeduhe bus line 840 has to be updated. Apart of
these presented earlier factors, there is sevéthbem like: human factor, random factor, statdw$
fleet.

The very important coefficients which have beenlhaa are: arduousness of unpunctuality
and degree of punctualify. These two measures estimate punctuality in mealgunadmnner. In major
types of analysis the estimate “satisfactory” daates: for intervals, for bus lines and for the poiof
measurements. Summing up the estimate of pungtual&ilesian area is satisfactory.
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