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Motivation
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• Objective: Train DNN to serve as a fast 
dispersion model that can be applied in 
a contaminant source localization system

• Thus, the structure of the input vector is as follows

• 𝐼𝑛𝑝𝑢𝑡𝑖 ≡ {𝑋𝑠,𝑌𝑠, 𝑄, 𝑑, 𝑥, 𝑦, 𝑣, t}. 

• Based on the input vector for the contamination source located at the coordinates (𝑋𝑠,𝑌𝑠,2) (in
meters within the domain), 𝑄 is the release rate, 𝑑 is the duration of the release (in seconds), 𝑣
is the wind and release lasting through 𝑑 seconds the trained network should return the output
neuron

• 𝑂𝑢𝑡𝑝𝑢𝑡𝑖 = 𝐶
𝑖

𝑆𝑗 𝑥,𝑦
𝑡

• denoting the concentration C at sensor 𝑆 𝑗 with coordinates (𝑥, 𝑦) in 𝑡 -minutes after the onset
of the release.

DNN training goal &topology
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• We decided to check the possibility of training the DNN 
to simulate the airborne toxin transport in the area 
of central London, where the DAPPLE experiment 
was conducted  [www.dapple.org.uk].

• From four Trials run in March and Jun 2007, we have 
concentrations at 15 receptor positions for 30 minutes with 
3-minute intervals. This gives us, in sum, about 600 point-
concentrations for four various source positions and release 
rates. 
This amount of data is not enough to properly train the ANN.

• The only solution is to use the verified and well-recognized
dispersion model to generate the dataset utilized to train, test,
and validate the DNN

DNN Training Data-City London 
-DAPPLE site

www.dapple.org.uk
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• Using Quick Urban Industrial Complex (QUIC) Dispersion Modelling System we have randomly drawn 
the ∼ 500 contamination source locations, release rate within the interval Q ∈ ⟨100mg, 999mg⟩ and 
its duration within interval  < 5min; 30min > per single release.

• As a result, the training dataset covered about 5×107 vectors, including the release source’s 
coordinates, the source strength, the release duration, and the output concentration in a given time 
and domain point. [Wawrzynczak&Berendt, 2020, 2023]

DNN Training Data-City of London -DAPPLE site
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• The meteorological data were included 
accordingly to the statistics
observed for the summer season in London 
during the years 2014-2021. 

• Consequently, the average temperature in the
selected season of the year was ~18 °C, and the 
average wind speed was 5m/s. 

• Additionally, the percentage share
of each of the eight main wind directions was 
taken into account (N - 10%, S - 10%, W - 20%, E 
- 10%, NW - 10%, NE - 11%, SE - 4%, SW - 25%). 

DNN Model-DAPPLE site

https://weatherspark.com/y/45062/Average-Weather-in-London-United-Kingdom-Year-Round
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Results
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• While the Pareto front provides a set of optimal trade-off solutions, a single model
must be selected for deployment

• For set of Pareto-optimal configuration i, the Euclidean distance to the utopia point
was computed as

Results
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DNN prediction quality vs time
• Additionally verified the trained DNNs on the 

training dataset by the additional measure 
based on the fractional bias as was proposed in 
[Wawrzynczak, A., Berendt-Marchel, 2023, 
ICCS]

• The measure 𝜌 fits into the interval [0, 1]. 
If the ANN model prediction is ideal, 
then 𝜌 = 0, and if the model predictions are 
completely wrong, it equals 1.

• This measure reflects how well the DNN
predicts the dose in all sensors at a given
time.

Figure 3: The 𝜌 measure in the subsequent time steps 
for two selected DNNs (for testing dataset).
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Did the DNN learn the physics standing behind the gas dispersion over the 
highly urbanized area?

QUIC 

(~300 seconds
for 1 point 

concentration
estimation)

DNN

(~3 seconds for 1 
point 

concentration
estimation)

Fig.The dispersion of the contaminant simulated by QUIC (left) vs. DNN (right) , Scenario 2
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• The DNN can work well as a surrogate model for the atmospheric
dispersion

– … when answer time is more important than precision

• Application of the DNN model in the emergency localization system
make possible to achieve the real-time response, but…

– it requires site-specific, well-trained DNN ->

• Lots of data, both from models and field experiments in various
weather conditions

– Open question: to what extent can trained DNNs be applied to
other urbanized terrains?

Conclusions
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