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A study on Estimating the Transfer Time of Transit
Users Using Deep Neural Network Models
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ABSTRACT
The transfer time is an important factor in establishing public transportation planning and policy.
Therefore, in this study, the influencing factors of the transfer time for transit users were identified
using smart card data, and the estimation results for the transfer time using the deep learning method
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by the area in which the subway station exists. Based on the influencing factors of the transfer time,
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the deep learning models were developed and their estimation results were compared with the
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regression models. These results can be used as basic data for transfer policies such as the differential
application of transit allowance times according to region.
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<Fig. 1> Distribution of transfer trips <Fig. 2> Distribution of average transfer time
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<Table 1> Result of descriptive statistics for variables

Variables No. Mean Standard deviation Minimum Maximum

Daily 284 8.65 224 557 21.64

Transfer time AM peak 282 6.66 1.81 3.88 18.10
(min) PM peak 283 9.04 2.46 541 22.70
Non peak 283 9.34 2.75 447 2548

Daily 284 10.62 1.21 8.02 15.54

Bus headway AM peak 284 10.11 1.11 7.65 15.16
(min) PM peak 284 10.52 1.37 822 16.00
Non peak 284 10.55 1.46 7.72 1571
Daily 284 162.26 7224 29.07 655.73
Distance to bus AM peak 282 148.69 68.81 1791 542.53
stops (m) PM peak 283 164.10 70.25 26.37 536.02
Non peak 283 161.98 7128 22.90 514.93

Number of bus lines 284 2229 14.43 2 100
Commercial area (ha) 284 9.66 17.46 0.00 93.75
Floor area of retail-sales facilities (ha) 284 22.90 19.45 0.02 122.06
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<Table 2> Configuration of Deep neural networks

Parameters Values
Learning rate 0.01
Epoch 200
Drop-out ratio 0.2, 0.3, 0.5
Activation function ReLU
Loss function MSE loss
Optimizer Adam
Number of hidden layers 3,5 7
Number of hidden nodes 16, 32, 64, 128, 256
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<Table 3> Result of model structures

Contents Drop-out ratio Number of hidden layers Number of hidden nodes
Daily 0.2 5 64

AM peak 0.3 7 16

PM peak 0.2 5 128

Non peak 0.3 3 64
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TE, W2 ARA7MA L A7t Bes W2 Seto] Sk Ao s #AEIT s W kA
t o0 9FHS Urhle] ASHEY Fu Mx 5T B N B0 FopHE HoE BA
itk Exol g B Wl 4YAY B, Bl L WY AW BE o JIYL vehhch
At Aol A WM S A At Qo] APAGem AAH B Aol gAY A g HoA
do] BETFE 5Tl &7 &F 5 FEAA Ha S5ARte] T FTkske ZAoE AN HIA T
Aol wiARtA o] SAH R FofstA] A Uehgoen, SRl a5l HoA A Az o]
AR FostA Al YEhgth ols &AM e AAFeR Qs BRI HIg) E5Al B
T @ AF7 U] WEY Aow wodHn
A9 EQuTE AyRd Astd o] FEF| AT B¢ W SRl T Ao E B4 H
A=, ol F279 AF U7 BoF M S /\l /\17?01 oo Aele Aog dgdn 53179
B FRABRANAT G IFHL Gehle o2 FHRUL. ofs YTAM X AT 5
B FAGLE o5 A Bl gl asiARt W2 vt o] 411, o] &7Fo] BY] Wi Hx &5
Aol 21 Ao g dAednth e A5 FTAMHE AL o2 AtdelA s 25 4o 9FES 2
T AoZ UBt. ols A7t B oz FAAH0] w4 x5 JloH, EAAGEG Astd o]
A3 W2 WA E A7) wEel W2 SeARto] SUkse AR Addn 4 ddFeddEe £E3 A
TE AR W2 AFANAL At 7P =4 vEig 2 @5zt P 2 G mAE Aos
4 H AT
<Table 4> Estimation results of regression models for bus transfer time
Daily AM peak PM peak Non peak
Variables
Coef. B Coef. B Coef. B Coef. B
Daily 0.271%* | 0.147 - - - - - -
Bus headway AM peak - - 0.139* 0.085 - - - -
(min) PM peak - - - - 0.186** | 0.103 - -
Non peak - - - - - - 0.127 0.068
Daily 0.020%* | 0.660 - - - - - -
Distance to bus AM peak - - 0.016** | 0.593 - - - -
stops (m) PM peak - - - - 0.020%* | 0.568 - -
Non peak - - - - - - 0.021%* | 0.547
Number of bus lines -0.033** | -0.215 | -0.029** | -0.228 | -0.031** | -0.180 | -0.038** | -0.199
Commercial area (ha) 0.022%* | 0.168 | 0.014** | 0.137 | 0.024** | 0.171 | 0.023** | 0.144
Floor area of retail-sales facilities (ha) | 0.016** 0.142 0.001 0.012 0.014* 0.107 0.020%* 0.141
Jongno-gu[dummy] 1.401%* | 0.136 0.711* 0.086 1.429%* | 0.126 | 1.794** | 0.142
Geumcheon-gu[dummy] -0.109 -0.006 | 2.456** | 0.161 -0.166 -0.008 0.114 0.005
Gangdong-gu[dummy] 1.789** | 0.140 -0.039 -0.004 | 1.472%% | 0.105 | 2.201** | 0.141
Constant 2.488%* - 3.343** - 3.843%* - 4.592%* -
N 284 282 283 283
Adj. R? 0.543 0.377 0.409 0.400

Note: ** significance level at a < 0.05, * significance level at a < 0.1.
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ARPEY L O 52 74 455 EATh
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A YERY the Azttle] mael el 4 4% 2folz} vlaa ZAl Vet 22k e Bzt B
AR 23] 34 o] E}hOU RMSE ztol= 2} 001, 0.052 v 2HA] Yebstth vHE, v F A7
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Uebsth dnbal o g ASAAY B0l SARF R 4 4ol B EA YEhgoy, 1 Aoyt A4 e
AL AFSAAE 2ol 28470 GAake] @A vlolHTHS S5etdr] WEd Ao® wddrh
<Table 5> Results of model evaluation
Contents RMSE %RMSE MAE MAPE
Regression 1.78 19.5% 1.31 14.1%
Daily DNN 1.47 16.1% 1.04 11.0%
Difference 0.31 3.4% 0.27 3.0%
Regression 1.04 15.6% 0.80 12.0%
AM peak DNN 1.03 155% 0.74 10.7%
Difference 0.01 0.1% 0.07 12%
Regression 2.18 23.2% 1.40 14.7%
PM peak DNN 2.13 22.7% 1.33 13.4%
Difference 0.05 0.5% 0.07 12%
Regression 2.84 25.8% 1.94 16.0%
Non peak DNN 3.05 277% 2.09 17.7%
Difference -0.21 -19% -0.16 -1.7%
V. 4E 2 3F A79H
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