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1 Shenzhen

2 Stationary test

3 Autoregressive Moving Average (ARMA)

4 Seasonal Autoregressive Integrated Moving Average
(SARIMA)

5 ARIMA-GARCH

6 Interactive Multiple Model algorithm

7 Trip-based

8 Tour-based

9 Pattern-based
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8 Yantai

9 Time Varying Poisson Model

10 Weighted Time Varying Poisson Model
11 weighted ensemble

12 Two stage least squares (TSLS)
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1 Zilina

2 Slovak

3 SAS (Statistical Analysis System)

4 Autoregressive Integrated Moving Average
(ARIMA)

5 Jinan

6 Autoregressive (AR)

7 Artificial neural network hybrid pattern (ANNHP)
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1 Automated Fare Collection (AFC)
2 Automatic Vehicle Location (AVL)
3 Feeder bus

4 Bus rapid transit (BRT)
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Condition Type smart Serial number Bus number Timeuse  Date use
cart smart cart plaque
valid 109 901668372 2821968 7:43 06/08/1394
Table 1- An example of AFC information
RECURYY.\V/IRCHPN IR FPURIA B PP
Travel Exit time Arriveal time  EXxit station Entrance GPS Bus number
. . . . . Date
time (s)  from station to station code station code serial plaque
220 12:45:12 12:48:52 7 8 1714547 420964711  09/04/1394
Table 2 An example of AVL information
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Sort AVL data by day, bus number and bus arrival Sort AFC data by day, bus number (card reader number)

time at the station for every line and transaction time for every line

Search to find the least time difference between the AFC and
AVL data that was performed on one day with a bus number

v

Assumption: Passenger has got off at a station with the

least difference transaction time

v

Estimating that every passenger uses which bus and line
every day, and getting off at which station and what time

Fig 1. Method of match AFC and AVL information
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Search to find smart card transactions with
one-time use thronghout the day

v

Find stations of this category of passengers by
connection o AVL data

{

Chuarantine this category of data until determine the
number of passengers get on at every stations in
other categories of AFC data

'

Dristribution of the number of passengers get
on at every stations according to the share is
calculated in other categories

Fig. 2. Distribution method of travel smart cards with one-time use throughout the day
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Search to find smart card transactions with
two times use throughout the day

r

Find stations of this calegory of passengers by
connection to AVL data

Considering the get off station on the second Considering the get off station on the first
trip throughout the day as the get on station trip throughout the day as the get on station
on {irst trip throughout the day on second trip throughout the day

Fig 3. Distribution method of travel smart cards with two times use throughout the day
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Search to find smart card transactions with more than two
times use throughout the day and sort them based on
transaction time

'

Find stations of this category of passengers by
connection o AVL data

Considering the get off station at the last trip Considering the get ol station on before
throughout the day as the get on station on trip as the get on station on new trip
first trip throughout the day throughout the day

Fig. 4. Distribution method of travel smart cards with more than two times use throughout the day
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1 Random variable

2 Stochastic Models

3 Artificial Neural Networks
4 Autoregressive (AR)

5 Moving Average (MA)
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9 R-squared

10 performance metrics

11 Root mean square error (RMSE)

12 The Mean Absolute Error (MAE)

13 The Mean Absolute Percentage Error (MAPE)
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1 Autoregressive Moving Average (ARMA)

2 Autoregressive Integrated Moving Average
(ARIMA)

3 Seasonal Autoregressive Integrated Moving Average
(SARIMA)

4 Autocorrelation function (ACF)

5 Partial autocorrelation function (PACF)

6 augmented Dickey-Fuller (ADF)

7 multi-layer perceptrons (MLPSs)

8 bias terms
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Total passengers Destination Number station
getting on 13 12 11 10 9 8 7 6 5 4 3 2 1
193874 1518 50527 30770 17642 6836 15580 12628 7987 10655 4333 4613 30785 0 1
82775 457 14461 14125 8554 3857 10869 8648 5584 7146 3780 5294 0 O 2
16037 59 1954 2778 1808 730 2635 1998 1274 1723 1078 0 0 0 3
69121 575 15782 14507 8313 3259 8864 6782 4419 6620 O 0 0 0 4
262770 1889 67841 60055 34656 13942 36610 28752 19025 O 0 0 0 0 5
90045 838 19442 10605 13408 5882 17394 13476 0 0 0 0 0 0 6
103460 1132 25709 22587 18149 9185 26698 0 0 0 0 0 0 0 7 Origin
97095 1320 30799 28284 24369 12323 0 0 0 0 0 0 0 0 8
41714 801 16246 13003 11664 0 0 0 0 0 0 0 0 0 9
54040 1100 29524 23416 0 0 0 0 0 0 0 0 0 0 10
45266 1369 43897 0 0 0 0 0 0 0 0 0 0 o0 11
430 430 0 0 0 0 0 0 0 0 0 0 0 0 12
0 0 0 0 0 0 0 0 0 0 0 0 0 o0 13
1056627 11488 316182 229130 138563 56014 118650 72284 38289 26144 9191 9907 30785 0 TOIS('EE%SSEO’}%”S

Table 3- Annual Origin- destination matrix of bus passengers Karimkhan bridge- Jomhoori square line (went direction)
(CiS 51 ) Obas S b =St Do e 3 UL Ol 3ls o —le s 5o £ J gk

Total passengers Destination Number station
getting on 12 13 12 11 10 9 8 7 6 5 4 3 2 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
231366 6930 3475 534 2784 12153 4137 4804 7420 5884 15034 31242 136969 0 0 2
620105 60610 27706 3312 19322 90165 23319 30902 46089 33398 83935 201347 0 0 0 3
321078 31676 23412 4123 15046 68922 20784 21853 37060 25144 73058 0 0 0 0 4
145554 17892 11866 2196 7956 37604 12230 13323 24434 18053 0 0 0O 0 0 5
45060 6291 3786 636 2711 12970 4026 5062 9578 0 0 0 O 0 0 6
64085 10656 7016 1255 4926 22865 7885 9482 0 0 0 0 0 0 0 7 Origin
33993 6884 4153 724 2971 14374 4887 O 0 0 0 0 0O 0 0 8
19949 4544 2652 470 2061 10222 0 0 0 0 0 0 O 0 0 9
15489 6514 3682 840 4453 0 0 0 0 0 0 0 0 0 0 10
1374 587 547 240 0 0 0 0 0 0 0 0 0 0 0 11
907 350 557 0 0 0 0 0 0 0 0 0 0 0 0 12
3706 3706 0 0 0 0 0 0 0 0 0 0 0 0 0 13
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14
1502666 156640 88852 14330 62230 269275 77268 85426 124581 82479 172027 232589 136969 0 0 ngét‘iﬁ]sgs%”f%ers

Table 4- Annual Origin- destination matrix of bus passengers on Jomhoori square- Karimkhan bridge line (return direction)
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Critical values Dickey Fuller test Test
-2.570 -2.876 -3.451 -35.855 t test
10% 5% 1% - Confidence level

Table 5- Result of the Dickey Fuller test to determine static model

Sarima(2,0,2)(1,0,2) ckast 53 oSl o Joba sl 35500 s N J g

Coefficient Definition Variable Parameter
Value
0.4050 -146.986 - constant c
0.0000  685.498 Binary variable: station number 1 to 4=1 Station number 1 to 4 Via
0.0000 882.467 Binary variable: station number 5=1 Station number 5 Vs
0.1000 374.522 Binary variable: station number 6=1 Station number 6 Ye
0.1600  259.764 Binary variable: station number 7 to 11=1 Station number 7 to 11 Y7-11
0.0000 -140.180 Binary variable: went direction =1 Direction route u
0.0000 -161.080 Binary variable: farvardin=1 Month 1 ay
0.0010 -130.783 Binary variable: ordibehesht & khordad=1 Month 2 to 3 ay_3
0.0050  -112.577 Binary variable: tir to shahrivar=1 Month 4 to 6 QAy_g
0.0000 -65.494 Binary variable: mehr to bahman=1 Month 7 to 11 a7_11
0.0000  349.697 Binary variable: saturday =1 Day 1 B
0.0000  364.067 Binary variable: sunday=1 Day 2 B,
0.0000  371.323 Binary variable: monday=1 Day 3 Bs
0.0000  360.644 Binary variable: tuesday=1 Day 4 Ba
0.0000  337.525 Binary variable: wednesday=1 Day 5 Bs
0.0000 173.140 Binary variable: Thursday=1 Day 6 Bs
0.0000  -256.210 Binary variable: holiday=1 Holiday )
0.0000 1.5589 Autoregressive degree=1, Differencing degree=0 Autoregre55|1ve parameter Pa,
0.0000 -0.5667 Autoregressive degree=1, Differencing degree=0 Autoregress;ve parameter Pa,
0.0000 08774 Seasonal autoregressive degree=1, Time span=7, Seasonal ~ Autoregressive parameter
' differencing degree=0 7 ba,
0.0000 1.3678 Autoregressivg degree_:l, Seasonal autorggressivg degree=1, Autoregressive parameter 04
Time span=7, Differencing and Seasonal differencing degree=0 8 8
0.0000 -0.4972 Autoregressive_ degree_:2, Seasonal autore:\gressivg degree=1, Autoregressive parameter 04
Time span=7, Differencing and Seasonal differencing degree=0 9 °
0.0000 . . . Moving Average
-1.1526 Moving Average degree=1, Differencing degree=0 Para?neter 19 04,
0.0000 . . . Moving Average
0.1954 Moving Average degree=2, Differencing degree=0 Para?neter 29 04,
0.0000 -0.4913 Seasonal moving Average degree=1, Time span=7, Seasonal Moving Average 0
' differencing degree=0 Parameter 7 d7
0.0510 -0.0064 Seasonal moving A(\j/_erage de_zgree:Z, Ti_me span=7, Seasonal Moving Average 0,
ifferencing degree=0 Parameter 8 8
0.0000 05662 M_oving Average_degree;l, Seasonal movin_g Avera_lge degree=1, Moving Average 0,
Time span=7, Differencing and Seasonal differencing degree=0 Parameter 9 o
0.0000 -0.0960 Moving Average degree=2, Seasonal moving Average degree=1, Moving Average 0,
Time span=7, Differencing and Seasonal differencing degree=0 Parameter 10 10
0.0000 00074 M_oving Average_degree;l, Seasonal movin_g Avera_lge degree=2, Moving Average 0,
Time span=7, Differencing and Seasonal differencing degree=0 Parameter 11 1n
0.0000 -0.0013 Moving Average degree=2, Seasonal moving Average degree=2, Moving Average 0,
Time span=7, Differencing and Seasonal differencing degree=0 Parameter 12 12
Table 6- Result of bus station passengers' model, Sarima(2,0,2)(1,0,2)’
Sarima(2,0,2)(1,0,2)" oSzl ilucs sldns Jo (gl 5 Lo gla axtls slis Y J g
R MAE MAPE RMSE Number of data Error indicator
0.835 114 99 236 10080 Train model
0.416 237 99 332 54 Test model
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Table 7. Values of error indicator for bus station passengers' model, Sarima(2,0,2)(1,0,2)’

WY e O s Jde olan) il slias Je gl Lot gla e ls olie A J i

R® MAE MAPE RMSE Number of data  Error indicator
0.946 107 136 186 7069 Train model
0.884 134 280 274 1520 Test model

Table 8. Values of error indicator for bus station passengers' model, multi-layer perceptrons
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Abstarct:

Considering the problems caused by the increasing urban population and the average ownership of the
vehicle, changes in urban transport policies and efforts to develop and more use of the public transport,
especially the bus, are one of the most important concerns in urban transport planning. A review of various
studies suggests that planning for efficient use of bus infrastructures and enhancing the efficiency of public
transportation operation in the world, require information on the infrastructure and passenger demand for
lines and bus stations. Accordingly, it is necessary to carry out studies to predict passenger demand for bus
stations in Tehran. Thus, this study predicts bus stations passenger demand for future short-term periods,
using data gathered by AFC (Automated Fare Collection) and AVL (Automatic Vehicle Location) systems.
For this purpose, firstly AFC and AVL data was sorted according to the time for each bus line. Since
passengers use their smart card while they are getting off the bus it means at the exit station thus identifying
their origin station is vital, so that in second step, data of two data bases is compared and matched by writing
computer code in Matlab software to determine the origin stations of passengers and then forming origin-
destination demand matrix for each bus line in terms of its stations. This matrix is considered as the main
data base of the study, a time series analysis, a seasonal autoregressive integrated moving average
(SARIMA) and neural network as an artificial model are calibrated based on the available data. Both
models’ goodness of fit indices are compared in terms of learning and generalization capabilities. For this
purpose, initial data is divided into two subsets called learning and test data sets and comparison indices are
computed for both aforementioned sets. The models’ results show that the multi-layer perceptron neural
network model in terms of goodness of fit indices in both learning and generalization capabilities in
prediction of bus station passenger demand is better than SARIMA model; however, the manner of
influencing different factors such as day of week or month of year in passenger demand in each station is
more clear in time series analysis. The passenger demand for each stations in first month in spring is
different from the rest months in this season. Months in summer is also show different trends for passenger
demand, while all months in fall and the first two months in winter have similar passenger demand in various
stations. Official holidays has also significant influence on passenger demand so that reduce passenger
demand by approximately 256 persons on average. All days in week have meaningful effects on passenger
demand in comparison with Friday so that Monday and Thursday have the highest and the lowest effect on
weekday passenger demand in bus stations in comparison with Friday, respectively. This analysis
comparison show that if the precision of future prediction is important then neural network outweigh time
series regression, while the identification of influential variables on passenger demand is better done by time
series analysis.

Keywords: Bus stattions passenger demand, Short- term prediction, Times series, Sarima, Neural network,
Multi- layer perceptron
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