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Introduction

• Intelligent Transportation Systems (ITS) is an innovative idea in the field of 
transportation.

• Transit Origin-Destination matrix (OD matrix) is an essential input for some 
important ITS applications, and the well-known method of generating OD 
matrix is to estimate the destination of each passenger from Automated Fare 
Collection (AFC) data. 

• Therefore, improving the Passenger Destination Estimation (PDE) algorithm 
based on AFC data can be a great contribution to the entire ITS field.

3CAU AutoML LAB



Related Works

• For AFC data including only boarding information, 

- From the past, until some time ago, there were mainly algorithmic 
proposals without good validation.

• For AFC data including both boarding and alighting information,

- some researchers tried to perform algorithm verification or infer passenger 
destinations using deep learning.
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AFC data including alighting informationAFC data NOT including alighting information



Preliminary: a simple PDE example
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• Use 2 simple assumptions:
1) The destination of most trips is the origin of the next trip.
2) The last destination is the first origin.

Terms Meaning

𝑋𝑋 The AFC dataset consisting of card ID, boarding station and boarding time, 𝑋𝑋 = {𝑥𝑥1, … , 𝑥𝑥𝑛𝑛}, 𝑥𝑥=(𝑥𝑥𝑐𝑐 ,𝑥𝑥𝑠𝑠,𝑥𝑥𝑡𝑡), where 𝑛𝑛
is the number of all the transactions.

𝑆𝑆 The set of all the transit station in 𝑋𝑋, 𝑆𝑆 = {𝑠𝑠1, … , 𝑠𝑠𝑚𝑚}, where 𝑚𝑚 is the number of different transit station in 𝑋𝑋.

𝐶𝐶 The set of all the unique card ID in 𝑋𝑋, 𝐶𝐶 = {𝑐𝑐1, … , 𝑐𝑐𝑙𝑙}, where 𝑙𝑙 is the number of unique card ID in 𝑋𝑋.

𝑥𝑥𝑐𝑐 , 𝑥𝑥𝑠𝑠, 𝑥𝑥𝑡𝑡 Card ID, boarding station and boarding time of the transaction 𝑥𝑥 respectively,
x𝑐𝑐 ∈ 𝐶𝐶, x𝑠𝑠 ∈ 𝑆𝑆, xt = 0,1440 .

𝑇𝑇 The set of all the trips that should be estimated from 𝑋𝑋, 𝑇𝑇 = {t1, … , tn}, 𝑡𝑡 = (𝑜𝑜,𝑑𝑑).

𝑜𝑜 The origin of the trip that should be estimated at 𝑡𝑡 of T.

𝑑𝑑 The destination of the trip that should be estimated at 𝑡𝑡 of T.

𝑋𝑋𝑐𝑐 The subset with 𝑥𝑥’s in 𝑋𝑋 that have the same card ID 𝑐𝑐, 𝑋𝑋𝑐𝑐 = {𝑥𝑥|𝑥𝑥𝑐𝑐 = 𝑐𝑐}.

𝑇𝑇𝑐𝑐 The set of the trips that will be estimated from 𝑋𝑋𝑐𝑐 , that should consist of trips derived from the single card ID.



Preliminary: a simple PDE example
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Algorithm 1 A simple PDE algorithm
Input: 𝑋𝑋, 𝑆𝑆;
Output: 𝑇𝑇;
1: Initializing T={};
2: Generate 𝐶𝐶 containing unique card ID from X;
3: for c in C do
4: 𝑇𝑇c = Estimate(𝑋𝑋𝑐𝑐);
5: concat(𝑇𝑇, 𝑇𝑇𝑐𝑐 );
6: end for
7: return T

Algorithm 2 Procedure of the Estimate function
Input: 𝑋𝑋𝑐𝑐;
Output: 𝑇𝑇𝑐𝑐;
1: Ascend 𝑋𝑋𝑐𝑐 according to boarding time 𝑥𝑥𝑡𝑡 ;
2: for (𝑖𝑖 = 1; 𝑖𝑖 < |𝑋𝑋𝑐𝑐|; 𝑖𝑖 + +) do
3: 𝑜𝑜𝑖𝑖 ← 𝑥𝑥𝑖𝑖𝑠𝑠; 𝑑𝑑𝑖𝑖 ← 𝑥𝑥𝑖𝑖+1𝑠𝑠 ;
4: end for
5: 𝑜𝑜|𝐷𝐷𝑐𝑐| ← 𝑥𝑥|𝐷𝐷𝑐𝑐|

𝑠𝑠 ; 𝑑𝑑|𝐷𝐷𝑐𝑐| ← 𝑥𝑥1𝑠𝑠;
6: return 𝑇𝑇𝑐𝑐

Meaning

𝑋𝑋 The AFC dataset consisting, 𝑋𝑋 = {𝑥𝑥1, … , 𝑥𝑥𝑛𝑛}, 𝑥𝑥=(𝑥𝑥𝑐𝑐 ,𝑥𝑥𝑠𝑠,𝑥𝑥𝑡𝑡).

𝑆𝑆 The set of all the transit station in 𝑋𝑋, 𝑆𝑆 = {𝑠𝑠1, … , 𝑠𝑠𝑚𝑚}, 
where 𝑚𝑚 is the number of different transit station in 𝑋𝑋.

𝐶𝐶 The set of all the unique card ID in 𝑋𝑋, 𝐶𝐶 = {𝑐𝑐1, … , 𝑐𝑐𝑙𝑙}, 
where 𝑙𝑙 is the number of unique card ID in 𝑋𝑋.

𝑥𝑥𝑐𝑐 Card ID of 𝑥𝑥, x𝑐𝑐 ∈ 𝐶𝐶.

𝑥𝑥𝑠𝑠 boarding station of 𝑥𝑥, x𝑠𝑠 ∈ 𝑆𝑆.

𝑥𝑥𝑡𝑡 boarding time of 𝑥𝑥, xt = 0,1440 .

𝑇𝑇 The set of all the trips that should be estimated from 𝑋𝑋, 
𝑇𝑇 = {t1, … , tn}, 𝑡𝑡 = (𝑜𝑜,𝑑𝑑).

𝑜𝑜 The origin of the trip

𝑑𝑑 The destination of the trip

𝑋𝑋𝑐𝑐 The same card ID subset of 𝑋𝑋, 𝑋𝑋𝑐𝑐 = {𝑥𝑥|𝑥𝑥𝑐𝑐 = 𝑐𝑐}.

𝑇𝑇𝑐𝑐 The set of the same card ID trips that will be estimated 
from 𝑋𝑋𝑐𝑐 .



Proposed Method

An Adaptation of Bayesian Theorem for Passenger Destination Estimation
• Motivation:

- A system that can access not only boarding but also alighting 
information has been developed, so that the posterior probability can 
be calculated through Bayesian theory, which shows successful results in 
many inference problems.
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h 𝑥𝑥 = argmax
y∈Y

𝑝𝑝 𝑦𝑦 𝑥𝑥 = argmax
y∈Y

𝑝𝑝(𝑥𝑥,𝑦𝑦)
𝑝𝑝(𝑥𝑥) (2)

𝑝𝑝 𝑦𝑦 𝑥𝑥 =
𝑝𝑝 𝑥𝑥 𝑦𝑦 𝑝𝑝(𝑦𝑦)

𝑝𝑝(𝑥𝑥) (1)
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h 𝑥𝑥 = argmax
y∈Y

𝑝𝑝 𝑦𝑦 𝑥𝑥 = argmax
y∈Y

𝑝𝑝(𝑥𝑥,𝑦𝑦)
𝑝𝑝(𝑥𝑥)

(3)= argmax
y∈Y

𝑝𝑝(𝑥𝑥,𝑦𝑦) = argmax
y∈Y

𝑝𝑝(𝑥𝑥1,⋯ , 𝑥𝑥𝑛𝑛,𝑦𝑦)

𝑝𝑝(𝑥𝑥1,⋯ , 𝑥𝑥𝑛𝑛,𝑦𝑦)
= 𝑝𝑝 𝑦𝑦 𝑝𝑝 𝑥𝑥1 𝑦𝑦 𝑝𝑝 𝑥𝑥2,⋯ , 𝑥𝑥𝑛𝑛 𝑦𝑦, 𝑥𝑥1
= 𝑝𝑝 𝑦𝑦 𝑝𝑝 𝑥𝑥1 𝑦𝑦 𝑝𝑝 𝑥𝑥2 𝑦𝑦 𝑝𝑝 𝑥𝑥3,⋯ , 𝑥𝑥𝑛𝑛 𝑦𝑦, 𝑥𝑥1, 𝑥𝑥2
= 𝑝𝑝 𝑦𝑦 𝑝𝑝 𝑥𝑥1 𝑦𝑦 𝑝𝑝 𝑥𝑥2 𝑦𝑦 ⋯𝑝𝑝 𝑥𝑥𝑛𝑛 𝑦𝑦, 𝑥𝑥1, 𝑥𝑥2, 𝑥𝑥3,⋯ , 𝑥𝑥𝑛𝑛−1
= 𝑝𝑝 𝑦𝑦 𝑝𝑝 𝑥𝑥1 𝑦𝑦 𝑝𝑝 𝑥𝑥2 𝑦𝑦 𝑝𝑝 𝑥𝑥3 𝑦𝑦 ⋯
= 𝑝𝑝 𝑦𝑦 ∏𝑖𝑖=1

𝑛𝑛 𝑝𝑝(𝑥𝑥𝑖𝑖|𝑦𝑦) (3)

Using chain rule:

Adapt Naïve 
assumption:

(2)
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h 𝑥𝑥 = argmax
y∈Y

𝑝𝑝 𝑦𝑦 𝑥𝑥

= argmax
y∈Y

𝑝𝑝 𝑦𝑦 �
𝑖𝑖=1

𝑛𝑛

𝑝𝑝(𝑥𝑥𝑖𝑖|𝑦𝑦)
(5)

By (3) and (4):



Proposed Method

• Some conditions are

• where 𝑡𝑡𝑖𝑖 is the boarding time of the 𝑖𝑖-th transaction, and
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𝑥𝑥𝑡𝑡= −𝑙𝑙𝑙𝑙𝑙𝑙 (𝑡𝑡𝑖𝑖+1 − 𝑡𝑡𝑖𝑖)

𝑥𝑥𝑑𝑑= −𝑙𝑙𝑙𝑙𝑙𝑙 𝑑𝑑𝑖𝑖

(6)

(7)𝒙𝒙𝒕𝒕

𝒕𝒕𝒊𝒊+𝟏𝟏 − 𝒕𝒕𝒊𝒊



Proposed Method

• Some conditions are

• where 𝑡𝑡𝑖𝑖 is the boarding time of the 𝑖𝑖-th transaction, and

• where 𝑑𝑑𝑑𝑑𝑖𝑖 is the distance between the transit route of the i-th transaction and 

candidate station.

• Checking the variation in the probability distribution of destination for each 

transaction
11CAU AutoML LAB

𝑥𝑥𝑡𝑡= −𝑙𝑙𝑙𝑙𝑙𝑙 (𝑡𝑡𝑖𝑖+1 − 𝑡𝑡𝑖𝑖)

𝑥𝑥𝑑𝑑= −𝑙𝑙𝑙𝑙𝑙𝑙 𝑑𝑑𝑖𝑖

(6)

(7)

Station 1 Station 2 Station 3 Station 4 Station 5 Station 6 Station 7 Station 8 Station 9

a % b % c % d % e % f % g % h % i %



Further Research

• Implement the comparison algorithm

• Ideas for some conditions

• AFC data process
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