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Abstract 

Trip patterns in terms of Origin to Destination (OD) traffic flows are a key input to traffic assignment 

models, namely to Dynamic Traffic Assignment models, where they also must be dynamic, or at least 

time discretized, to properly approximate the time variability of the demand. OD matrices are not yet 

fully observable, in the best case the measurements from Information and Communication Technologies 

(ICT), as GPS vehicle tracking, or mobile phones Call Detail Records (CDR), allow drawing samples 

that must be suitably expanded to provide estimates of the whole population. Therefore, their estimation 

must be done resorting to indirect process, usually based on mathematical models. 

One of the most appealing mathematical formulation of the OD estimation problem is in terms of bilevel 

optimization approaches (1), aimed at adjusting an initial target OD, 𝑋𝐻, so that it could explain the 

observed link flow counts �̂� at counting stations in the network, Ros-Roca et al. (2018).  

𝑀𝑖𝑛 𝑍(𝑋, 𝑌) = 𝑤1𝐹1(𝑋, 𝑋𝐻) + 𝑤2𝐹2(𝑌, �̂�)                                               (1) 

𝑌 = 𝐴𝑠𝑠𝑖𝑔𝑛𝑚𝑡(𝑋)                                         

𝑋 ≥ 0                                                                  

The usual approaches estimate the link flows as the outcome of a traffic assignment at the lower 

optimization level, which can be formulated in terms of an assignment matrix A:  

𝑌 = 𝐴(𝑋)𝑋                                                                                                        (2) 

which are then used to minimize distance functions between the observed and estimated link flows, 𝐹2, 

and the target and adjusted OD matrix, 𝐹1 , at the upper level. Replacing the estimated link flows Y by 

their relationship (2) with the assignment matrix A, the upper level can then be reformulated as: 

𝑀𝑖𝑛 𝑍(𝑋, 𝑌) = 𝑤1𝐹1(𝑋, 𝑋𝐻) + 𝑤2𝐹2(𝐴(𝑋)𝑋, �̂�)                                  (3) 

The assignment matrix A becomes in thus way the key component of the mathematical model The 

dynamic formulation of the model decomposes it in time intervals to emulate the flow propagation 

across the network, assuming that at each iteration of the optimization procedure the relationships 

between the estimated flows and the adjusted matrix can be set up in terms of a time dependent 

assignment matrix (2), Toledo and Kolechkina (2013), Frederix et al (2013), Ros-Roca et al. (2019). 

𝑦𝑙𝑡 = ∑ ∑ ∑ 𝑎𝑖𝑗𝑟
𝑙𝑡 𝑥𝑖𝑗𝑟

𝑡

𝑟=1𝑗∈𝐽𝑖∈𝐼

                                                                     (4) 

 

 Where 𝑦𝑙𝑡 is the estimated flow in link l at time period t, 𝑥𝑖𝑗𝑟  is the flow departing origin 𝑖 ∈ 𝐼 =

{𝑠𝑒𝑡 𝑜𝑓 𝑜𝑟𝑖𝑔𝑖𝑛𝑠}, with destination 𝑗 ∈ 𝐽 = {𝑠𝑒𝑡 𝑜𝑓 𝑑𝑒𝑠𝑡𝑖𝑛𝑎𝑡𝑖𝑜𝑛𝑠}, at time interval r, and 𝑎𝑖𝑗𝑟
𝑙𝑡 , the 

assignment matrix, is the fraction of trips from origin 𝑖 ∈ 𝐼 with destination 𝑗 ∈ 𝐽, departing from i at 

time r, that reach link l at time t. To account for these time dependencies in the calculation of the 

assignment matrix the assignment at the lower level is done by a Dynamic Traffic Assignment.  

 
The availability of data collected from samples of GPS tracked vehicles, and other ICT sources, i.e. 

Bluetooth, if the data collection process is appropriately designed, Ros-Roca et al. (2020), provides the 

way of generating a discretized time estimate of the target OD matrix 𝑥𝑖𝑗𝑟 ,in addition a suitable 
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processing, Janmyr and Wadell (2018), Krishnakumari et al. (2019), Nassir (2014), Ros-Roca et al. 

(2020), provides a sound empirical estimate of the time dependent assignment matrix 𝑎𝑖𝑗𝑟
𝑙𝑡 , which is the 

key component of the DODME.   As in other data driven approaches, Krishnakumari et al. (2019),  the 

expansion of the sampled target matrix to estimate the OD matrix can be done in terms of a process 

common in transport demand analysis, Ortúzar and Willumsen (2011), from scaling factors per origins, 

𝛼𝑖 , 𝑖 ∈ 𝐼, and per destinations 𝛽𝑗, 𝑗 ∈ 𝐽, such that: 

  

𝑥𝑖𝑗𝑟 = 𝛼𝑖𝛽𝑗𝑥𝑖𝑗𝑟, ∀𝑖 ∈ 𝐼, ∀𝑗 ∈ 𝐽                                                      (5) 

 

If �̂�𝑙𝑡, 𝑙 ∈ �̂� ⊂ 𝐿, 𝑡 ∈ 𝑇 are the link flows measured at the counting stations, in a subset �̂� ⊂ 𝐿 of  the 

network links, the Dynamic Data-Driven OD Matrix Estimation problem can be formulated as the 

problem of finding the values of the scaling factors 𝛼𝑖 , 𝑖 ∈ 𝐼 and 𝛽𝑗, 𝑗 ∈ 𝐽, without the need of conducting 

the traffic assignment at the lower level of (1), exploiting the empirical assignment matrix 𝑎𝑖𝑗𝑟
𝑙𝑡 . The 

optimization problem (1) can then be reformulated as: 

min
𝛼𝑖,𝛽𝑗

{𝑤1 [∑ ∑ ∑(𝑥𝑖𝑗𝑟
𝐻 − 𝛼𝑖𝛽𝑗𝑥𝑖𝑗𝑟)

2

𝑟∈𝑇𝑗∈𝐽𝑖∈𝐼

] + 𝑤2 [∑ ∑ (�̂�𝑙𝑡 − ∑ ∑ ∑ 𝑎𝑖𝑗𝑟
𝑙𝑡 𝛼𝑖𝛽𝑗𝑥𝑖𝑗𝑟

𝑡

𝑟=1𝑗∈𝐽𝑖∈𝐼

)

2

𝑙𝜖�̂�𝑡∈𝑇

]}   (6)      

Subject to the non-negativity constraints  

𝛼𝑖 ≥ 0, ∀𝑖 ∈ 𝐼                                                                                                                               (7)   

𝛽𝑗 ≥ 0, ∀𝑗 ∈ 𝐽                                                                                                                               (8)    

For the proof-of-concept testing of the approach, the nonlinear optimization problem (6)-(8) has been 

computationally tested in a set of computational experiments with a network modelled in PTV Vissim, 

using a standard nonlinear optimization algorithm. The microscopic simulation model has been used to 

run a set of experiments to generate a database of synthetic data that emulates the GPS data collected 

from tracking individual vehicles.  

From a practical point of view an important question is what happens when the available commercial 

GPS data from data providers, cannot generate a reliable OD matrix for some practical reasons (i.e. for 
privacy requirements changes in the identities assigned to the GPS devices change arbitrarily splitting 

long trips into smaller short trips that do not represent the OD patterns; or when collected data mix fleets 

with very different mobility patterns as for example, passenger cars and commercial fleet vehicles). But 
the appropriate treatment of the waypoint supplied by GPC allows, Ros-Roca et al. (2020), the 

calculation of a reliable empirical assignment matrix 𝑎𝑖𝑗𝑟
𝑙𝑡    Then if a reliable historical OD can be 

obtained from other sources, Montero et al. (2019), the objective function of the optimization problem 

(6), (7), (8) can be reformulated as: 

min
𝛼𝑖,𝛽𝑗

∑ ∑ (�̂�𝑙𝑡 − ∑ ∑ ∑ 𝑎𝑖𝑗𝑟
𝑙𝑡 𝛼𝑖𝛽𝑗𝑥𝑖𝑗𝑟

𝑡

𝑟=1𝑗∈𝐽𝑖∈𝐼

)

2

𝑙𝜖�̂�𝑡∈𝑇

                                                               (9)    

This paper investigates the computational performance of the proposed approach in a relevant 

subnetwork of the city of Barcelona, the CBD area, composed of (description: 9250 links, 202 zones), 

for which are available an Historical OD obtained from the processing of CDR from Orange Telecom 

Operator provided by KINEO, Montero et al. (2019), one month of GPS waypoints from INRIX (38M 

waypoints and 75k trips for 8-10AM period on weekdays), and a set of link flow counts from 70 counting 

stations.  
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Figure 1: Test site: Barcelona’s network 
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