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The gas pollution of the air by vehicle emissions in a sustainable, smart 
city is an undeniable and urgent problem that requires new methods of 
solution. In order to take administrative measures to improve air quality, it 
is necessary to have a reliable tool for instant assessment of current air 
pollution at road intersections as places of the largest accumulation of 
vehicles. This article describes a mathematical model and its software 
implementation based on neural network technology, which allows 
continuous monitoring of emissions of nine types of pollutants from 
various categories of standing and moving vehicles with such parameters 
as speed, coordinates, and idle time. Authors developed a dataset for the 
dynamic neural network training, which consists of 60,000 labeled images. 
The model calculates the pollution level of an air basin in an area 
determined by the visibility zone of an outdoor video surveillance camera 
and a height of 2 meters. Unlike existing models, the proposed solution 
works in real time mode, can be embedded into the existing infrastructure 
for monitoring road intersections, and takes into account current weather 
conditions: wind strength and direction. This allowed the authors to verify 
the results of calculations with instrumental measurements of a mobile 
environmental laboratory, to achieve high accuracy in detecting current 
air pollution for further management of environmental risks associated 
with road traffic. 
 
Keywords: traffic flows; pollutant emissions; concentration of emissions; 
area sources of emissions; neural network model; software system. 

 
 

1. INTRODUCTION  
 

Numerous studies have established that hazardous sub–
stances entering the air from the exhaust gases of 
vehicles cause irreparable harm to the health of urban 
populations [1-4]. Intersections which are characterized 
by congestion and sharp changes in the traffic patterns 
of numerous vehicles, are especially unfavourable 
situations [5-8]. An adequate assessment of the current 
level of emissions and their distribution at intersections 
is therefore of vital importance [9].  

Changes in traffic patterns within a signal-controlled 
intersection and frequent changes in wind direction 
increase the dispersion of harmful emissions in street 
canyons [10]. Sharp accelerations over short distances at 
intersections give peak emission values [11-13].  

The authors in [14, 15] examined the content of 
particulate matter (PM1, PM2.5, and PM10) in the air 
depending on the configuration of intersections, show–
ing that a traffic circle can reduce the concentration of 
PM10 by up to 50% compared to a three-turn inter–
section. Cerdeira et al. [16] studied the dispersion of 
harmful emissions depending on the type of intersection 
(traffic circles and signal-controlled intersections) using 

the ADMS-urban model to obtain a spatial emission 
dispersion model. The model used traffic parameters 
(vehicle speed, fuel type, time of the day, city street 
canyon, etc.) and meteorological parameters (wind spe–
ed and direction, humidity, air temperature, etc.). The 
modelling revealed that winter is less favourable for the 
dispersion of emissions, and traffic circles have an 
environmental advantage compared to signal-controlled 
intersections. 

The authors in [17], refined and improved the 
CAL3QHC model taking into account vehicle dece–
leration and acceleration at a signal-controlled inter–
section and proposed two schemes for reducing vehicle 
emissions: Green light optimal speed advisory 
(GLOSA) and the structure of an obstacle-free access 
road, which can reduce pollution levels by 20–22%. 

A study of the diffusion of harmful traffic-related 
emissions showed that different building heights in a 
street canyon and wind speed affect the dispersion of 
harmful emissions. The diffusion coefficient and the 
stabilization degree of harmful emissions during the day 
also differ depending on sunlight [18]. Dense urban 
development significantly reduces wind speed, which 
leads to the accumulation of harmful traffic-related 
emissions, especially at intersections [19]. 

The dispersion of emissions is associated with many 
factors, such as wind speed and road geometry. In [6], 
the authors developed three dispersion models and 
presented a GIS platform visualizing the concentration 
of harmful emissions at the observed point. 
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Air-pollution monitoring quantifies the concentra–
tion of one or several substances but does not identify 
the cause of pollution [20]. Such modelling can help 
describe and forecast the dispersion of harmful emis–
sions and develop appropriate measures to reduce the 
negative impact [21, 22].  

Chauhan et al. [23] used VISSIM’s add on EnViVer 
module to simulate the assessment of vehicle-related 
emissions at an urban intersection depending on the 
characteristics of the intersection, the vehicle types, and 
the time interval of green traffic light signals. 

Pospisil and Jicha [24] developed a dispersion model 
based on the Eulerian-Lagrangian approach to moving 
objects to reduce the negative impact of transport emis–
sions in urban canyons. The model describes the con–
centration fields of air pollution under different traffic-
light operating modes and traffic dynamics in an urban 
canyon. Pepe et al. [25] also used a Lagrangian dis–
persion model (AUSTAL2000) to model local air qua–
lity within a city. However, air quality can be assessed 
more accurately using a hybrid modelling system which 
synthesizes chemical and transport models. 

To predict PM10 concentration at a busy urban 
intersection, the authors in [26] developed a semi-empi–
rical box model based on instantaneous speed and 
acceleration. To predict hourly average concentrations 
of O3 and NOx, Sekar et al. [27] used an artificial neu–
ral network with meteorological data, traffic data, and 
transport emissions as inputs. 

The accuracy of modelling depends on the input 
data, such as vehicle behaviour. To assess the impact of 
road traffic on emissions and air quality, Fallah Shors–
hani et al. [28] considered two approaches: the beha–
viour of individual and groups of vehicles through the 
network. The latter approach showed more accurate 
emissions indicators, which provides for a better 
assessment of air quality. 

During modelling, vehicle-related emission factors 
are typically calculated based on the measurements of 
individual vehicles. Lejri et al. [29] analysed the 
sensitivity of two models–PHEM (Passenger Car and 
Heavy-Duty Emission Model) and COPERT (Computer 
Program to Calculate Emissions from Road Transport) – 
to traffic dynamics at the scale of a road segment. 
PHEM more effectively calculates emissions along the 
vehicle’s trajectory, but the calculation inaccuracy is 
explained by the lack of a real composition of vehicles 
by types. In the COPERT model, the use of average 
speed data also introduces a significant error into the 
emissions calculation. 

Sun et al. [17] studied the performance of three 
dispersion models at signal-controlled intersections: 
CAL3QHC (California Line Source Model with 
Queuing and Hot Spot Calculations), ENVI-met, and 
Fluent for PM2.5, taking into account the height of the 
street canyon. The ENVI-met and CAL3QHC models 
use time-averaged idle emission factors. The ANSYS 
Fluent software was used to simulate air flows and 
turbulence at an intersection to obtain the dispersion of 
pollutants in a street canyon. Fluent showed better 
results in predicting PM2.5 concentrations, while ENVI-
met is better at assessing correlations between PM 
concentrations and meteorological factors.   

Zheng and Yang [30] also compared harmful 
emission dispersion models taking into account the 
turbulence created by the traffic flow itself. 

Neural networks and soft computing techniques can 
determine the air concentrations of various substances 
given the stochastic nature of input data, such as wind 
speed, traffic intensity, and weather conditions. To 
determine the CO2 concentration, the authors [31] com–
pare several computational methods, such as a feed–
forward neural network, a recurrent neural network, and 
a hybrid neuro-fuzzy estimator of CO2 emission levels. 

Traffic systems have recently been subject to wide–
spread video surveillance systems and have become 
more intelligent [32]. Visual representations of traffic 
data in a management system are essential in energy 
conservation and reducing traffic congestion and emis–
sions [33]. The results once again proved the potential 
of artificial intelligence in assessing such complex 
processes as the dispersion of harmful emissions. 

Our research is focused on the development of a 
software system that provides for the real-time evalu–
ation of the distribution of harmful emissions at inter–
sections based on traffic intensity and meteorological 
conditions. 

 
2. A CONCEPTUAL MODEL FOR CALCULATING 

THE POLLUTANT CLOUD CONCENTRATION AT 
AN INTERSECTION 

 
The main requirement for a general computational mo–
del of a pollutant cloud concentration for an intersection 
is to determine the pollutant concentration for each 
point in the cloud in real time, at an acceptable update 
frequency. It is advisable to divide the cloud con–
centration for a specific intersection, which has been 
predetermined in constant geometric dimensions, into 
several identical squares and to calculate the con–
centration of each pollutant from the entire traffic flow 
at the intersection in real time. The concentration of 
pollutants is considered constant within one square. 
Specific numerical values of the parameters of the 
conceptual model (the grid of squares of the con–
centration cloud, intersection area, calculation update 
time, etc.) are shown when considering the software 
calculation system.  

The conceptual model for calculating pollutant con–
centrations for an intersection is shown in Fig. 1, which 
shows a grid of squares of the pollutant dispersion cloud 
with the calculation of their concentration and the inter–
section, which is the source of pollutants from all ve–
hicles located there. The conceptual model is based on 
the capabilities of “AIMS eco” a real-time monitoring 
of vehicle-related pollutant emissions system [34] 
previously created by the authors. This system is built 
using a neural network and analyses in real time a video 
stream of vehicles at an intersection recording the 
number of vehicles, their types, average speed, time 
spent at the intersection, etc. Based on these parameters, 
the system determines the intensity of traffic flows 
every 20 minutes and the level of emissions of the main 
pollutants at the intersection every hour. 

The frequency of updating information on pollutant 
concentrations in the dispersion cloud is assumed to be 
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from 5 to 20 seconds. This assumption determines our 
approach of dividing the entire intersection area into a 
reasonable set of area sources that differ significantly in 
the number of vehicles and, accordingly, in the rate of 
pollutant emissions per time interval tk.  

 
Figure 1. A grid of the pollutant cloud concentration and 
the intersection 

According to the [35], the ground level concen–
tration of pollutants at a fixed point in an area if there is 
a group of emission sources is determined by equation 
(1) as the sum of the concentrations of this pollutant 
from individual emission sources at a given wind 
direction and speed: 

 C=C1+C2+…+CN, (1) 

where C1, C2, ..., CN are the concentrations of pollutants 
from the first, second, ..., N-th emission sources, 
respectively, located on the windward side. 

Individual sources of pollutant emissions are all ve–
hicles passing through the intersection at a given time. 

According to the [35], in order to simplify calcu–
lations, the number of such linear emission sources can 
be reduced by combining them into auxiliary emission 
sources, which are introduced to calculate the dispersion 
of pollutants from the entire intersection area. There–
fore, let us imagine the entire area of the intersection as 
a set N of small area sources CSi, (i=[1, N]), each of 
which includes all the vehicles located in this area in the 
time interval. Then equation (1) for each m-th grid 
square Cm of the pollutant concentration cloud is: 

 ( ) ( )imim

N

i
Smm y,xCy,xC ηζ −−=∑

=1
, (2) 

where (xm, ym) is the center point of the m-th grid square 
of the pollutant concentration cloud; (ξi,ηi) is the center 
point of the i-th area source S(ξi,ηi) of the pollutant at 
the intersection. 

Fig. 2 shows such the calculation algorithm as the 
sum of the concentrations in any grid square of the 
pollutant concentration cloud from several area sources 
CSi (in the general case, from all sources). 

The calculated pollutant concentration is not taken 
into account immediately in the cloud grid square, but 
only after the period during which the pollutants reach 
them. This time is calculated based on the distance from 
the center of the area emission source to the center of 
the grid square and the wind speed. The resulting 

concentrations are summed up, taking into account the 
time delay to reach each square of the cloud grid.  

 
Figure 2. The sum of pollutant concentrations in a grid 
square from several area emission sources 

The calculation model should take into account the 
time interval tk of calculating pollutant emissions from 
multiple area sources of the intersection for updating 
information on pollutant concentrations in the grid 
squares of the concentration cloud. This corresponds to 
the calculation of pollutant emissions in the i-th area 
S(ξi,ηi) from all vehicles located there during the time 
interval tk. Equation (2) is transformed into: 

 ( ) ( )imim

N

i

t
Smm

t y,xCy,xC kk ηζ −−=∑
=1

, (3) 

which reflects the general algorithm – updated with a 
frequency of tk monitoring over m grid squares of the 
pollutant concentration dissipation cloud, from N area 
sources of pollutant emissions which make up the entire 
intersection. 

 
2.1 A conceptual calculation model taking into 

account multiple area sources of pollutant 
emissions   

 
Let us consider the logical modeling procedure for 
calculating the concentration of pollutants in the m-th 
square of the concentration dispersion grid when the 
roadway of an intersection is divided into many area 
sources. The reference calculation formulas of [35] are 
adjusted according to the conceptual model adopted in 
the work. 

STEP 1. In the general case, the concentration Сs of 
pollutants from a source which is emitting pollutants 
into the atmospheric air from an intersection occupying 
a region S with an area SI is calculated by: 

 ( ) ( ) ηζηζ ddy,x
S

y,xC
S

imim
I

mmS ∫∫ −−=
1 , (4) 

where C(xm–ξi, ym–ηi) is the pollutant concentration 
created at the reference point (xm,ym) by a point emission 
source located at point (ξ, η) in region S, and the integral 
in the formula is calculated for this region. Point 
emission sources in the area SI of the intersection are 
single vehicles of different types. 

STEP 2. Since the neural network in the AIMS eco 
system tracks the trajectory of each vehicle within the 
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intersection, in the calculations we replace the single 
area source of pollutants from the intersection with a set 
of linear sources corresponding to the trajectory of each 
vehicle when their movement falls within the reporting 
time. Thus, in the particular case of one linear emission 
source located on the underlying surface, the pollutant 
concentration Сl is calculated by equation (5): 

( ) ( ) ,dlz,y,x
L

z,y,xC
L

mimimmmml ∫ −−= ηζ1 ,(5) 

where |L| is the length of the specified segment, and the 
integral is calculated along this segment; C(xm–ξi, ym–ηi , 
zm) is the pollutant concentration created at the reference 
point (xm, ym, zm) by a point emission source located at 
point (ξ, η, z) of segment L. The underlying surface at a 
constant vertical level zm is a ground layer with a height 
H of no more than 2 m, so we will omit the coordinate 
zm. 

STEP 3. The Order#804 [35] provides for the use of 
the modified equation (5) for one moving vehicle if a 
linear emission source approximates emissions from a 
point source (one vehicle) of rate M(t), which, during 
the averaging time, moves at a positive speed v(t) along 
segment L, the pollutant concentration Сl is calculated 
by: 

 ( ) ( ) ( )
( )

,dl
lv

y,xClMy,xC
L

imim
mml ∫

−−′⋅
=

ηζ
, (6) 

where M(l) and v(l) are M(t) and v(t) values corres–
ponding to time t when the moving emission source is at 
point l=(ξ, η); C' is the concentration at point (xm, ym,) 
from a single pollutant emission source of a unit rate 
located at point (ξ, η), which is calculated according to 
the formulas given in [35]. 

Equation (6) is supplemented by the sum for all 
vehicles K moving along trajectories Lk along the 
roadway of the entire intersection: 

 ( )
( )
( )

( )
∑ ∫
=

−−′×

×








 ⋅
=

K

k

imim

L kk

kk

mmS

y,xC

dl
lv
lM

y,xC
k

1
ηζ

. (7) 

STEP 4. In the calculations, we rely on the disc–
retization of the integral in equation (7). Thus, accor–
ding to [35], if the calculation of emission dispersion 
does not provide for the automatic calculation of the 
integrals that appear in the formulas for the con–
centration of pollutants from curvilinear, area, and 
volumetric sources, these sources can form the set of 
point sources for the calculation. This corresponds 
exactly to the real capabilities of a neural network, 
which determines pollutant emissions from each vehicle 
along its trajectory through an intersection. 

We divide the set of linear emission sources corres–
ponding to all vehicles moving through the intersection 
into N area sources, which determine the total pollutant 
emissions from vehicles located in a given area Si in the 
current time interval tk. In this case, the calculation of 
pollutant concentrations in the m-th square of the 
dissipation cloud grid in tk is transformed into: 

 ( )
( )
( )

( )
∑ ∑ ∫
= = 




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




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
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=

N

i

K

k

imim
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kk

mm
t

y,xC

dl
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lM

y,xC
k

k

1 1
ηζ

. (8) 

Taking into account that the integral is calculated for 
tk and in view of its possible discretization, we obtain 
the following equation for the total rate Mi tk of pollutant 
emission from the i-th area source for all K vehicles 
moving during tk along the i-th area source: 

 
( )
( )∑ ∑∫

= =
⋅=









 ⋅
=

K

k

K

k
kk

L kk

kkt
i )tM(dl

lv
lMM

i
k

k

1 1
. (9) 

The Eq. (8) is then transformed into the final form: 

( ) ( )( )∑
=

−−′⋅=
N

i
imimi

t
imm

t y,xCMy,xC kk

1
ηζ ,(10) 

Here we generally take into account pollutant emi–
ssions from all vehicles only fully present in Si during tk. 

Two more mathematical models are needed to apply 
the calculation model according to Eq. (10) in practice: 

• the calculation of the rate Mi tk of pollutant emis–
sions from all vehicles of different types, those standing 
at the red traffic light and those moving at an arbitrary 
average speed in Si during tk; 

• the calculation of the concentration С'i at point 
(xm, ym,) from a single area pollutant emission source of 
a unit rate located at point (ξi, ηi). 
 
3. A MODEL FOR CALCULATING THE RATE OF 

POLLUTANT EMISSIONS FROM AN AREA 
SOURCE  

 
The total rate of pollutant emissions Mi tk in area Si of 
the i-th area source determined by equation (9) is 
defined as the total rate of emissions from all vehicles in 
area Si during time tk. The calculation should be adjus–
ted for moving vehicles not in area Si during time tk and 
provide for adding a component that takes into account 
pollutant emissions from vehicles standing at the red 
traffic light.   

The calculation of the two components of Mtk is 
regulated by [35]. The specific mileage emissions of 
various pollutants Mm are specified in g/km for moving 
vehicles, while specific pollutant rates Ms are specified 
directly in g/min for vehicles at red traffic lights. 

The following equation is used to determine the 
mileage rates of pollutant emissions MMR in grams over 
time tk measured in seconds: 

 ,tVMrM kmVMR ⋅⋅⋅⋅=
3600

1
 (11) 

where rV is a standardized correction factor taking into 
account the average vehicle speed; Mm are the stan–
dardized specific mileage emissions of various pol–
lutants for vehicles of various groups (g/km); V is the 
average vehicle speed (km/h). 

The equation to determine the total rate Mi tk of 
pollution emissions (reduced to per second) for the i-th 
area source is determined on the interval of time tk as 
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the sum of emissions for all standing (Ksi) and all 
moving (Kmi) vehicles within area Si: 

 

,tVMr

tMM

Vllml

K

l
Vl

idle
j

K

j
sj

t
i

mj

si
k

⋅⋅⋅⋅+

+⋅⋅=

∑

∑

=

=

1

1

3600
1

60
1

 (12) 

where tj
idle is the real idle time of the j-th vehicle during 

time tk; as a rule, tj
idle = tk; tVl is the real movement time 

of the l-th vehicle at the average speed Vl during time tk 
within area Si; in the general case, tVl ≤ tk. 

Equation (11) is similarly used to calculate pollutant 
emission rates for all N area sources representing the 
intersection. The calculation can be based on the data 
from a neural convolutional network, which records the 
classificatory group of vehicles, their speeds, and the 
time spent in each of the N areas Si. 
 
4. AN ALGORITHMIC MODEL FOR CALCULATING 

CM CONCENTRATION AT AN ARBITRARY 
POINT FROM A SINGLE AREA POLLUTANT 
SOURCE  

 
All the necessary mathematical equations for this algo–
rithmic model are presented step-wise in the relevant 
chapters of the to the Order#804 [35] and given below 
with the adaptation corrections for the conceptual 
model. 

Step 1. Calculation of the maximum ground level 
concentration Сm, dangerous wind speed Um, and dis–
tance Хm. 

In the general case, the maximum ground level pol–
lutant concentration Сm (mg/m3), when pollutants are 
emitted from a single point source with a round orifice, is 
achieved at a dangerous wind speed Um, at the dis–tance 
Xm from the emission source, and is determined as: 

 ,
TVH
nmFMACm 3

1
2 ∆

η
⋅⋅

⋅⋅⋅⋅⋅
=  (13) 

where A is a coefficient depending on the temperature 
stratification of the atmosphere, which determines the 
conditions for the horizontal and vertical dispersion of 
pollutants; M is the mass of pollutants emitted per unit 
time (i.e. the emission rate) (g/s); F is a dimensionless 
coefficient taking into account the deposition rate of 
pollutants (gaseous and aerosols, including solid 
particles) in the atmospheric air; m and n are dimen–
sionless coefficients taking into account the conditions 
of emissions from the orifice of the pollution source; η 
is a dimensionless coefficient taking into account the 
influence of the terrain; H is the height of the emission 
source (m); V1 is the pollutant flow rate (m3/s); ΔT is the 
difference between the temperature of emitted pollutants 
Tp and the atmospheric air temperature Ta (°C). 

Equation (12) cannot be used in the considered 
approach for several reasons: 

• in our case, the source of pollutant emissions is 
area-based; 

• the average speed of pollutants exiting the 
exhaust pipe when the vehicle is moving at above 0.5 
m/s is assumed to be zero; 

• pollutant temperature is close to the atmospheric 
air temperature; 

• the vertical component of the pollutant speed is 
close to zero.  

In this case, the following provision of the 
Order#804 [35] should be applied: “If the emission 
parameters of the source do not satisfy the conditions of 
the applicability of at least one emission calculation 
method (equation (12) in particular), during the 
calculations it is replaced by a virtual point or area 
source, which emission rate remains unchanged, the 
height H is taken equal to 2 m, the pollutant temperature 
Тp is set equal to the atmospheric air temperature Ta 
accepted in the calculation, and the average speed of 
pollutant exit from the orifice of the emission source is 
taken equal to zero”. This provision confirms the 
validity of the proposed conceptual approach for 
considering multiple area sources of pollutant emissions 
at an intersection. In this case, we follow the provisions 
of [35] – which regulate the use of equation (13) for 
“cold emissions” – to calculate pollutant concentrations 
for emission sources, in which the vertical speed 
component of the gas-air mixture entering the 
atmosphere does not exceed 0.01 m/s, while the 
pressure, density, and temperature differ slightly from 
the relevant characteristics of atmospheric air: 

 37H
mFMACm

η⋅′⋅⋅⋅
=  (14) 

We use equation (14) to calculate the maximum 
ground level single concentration of pollutants С'i from 
the i-th area source of unit used in final equation (10). 

The maximum ground level concentration of 
pollutants Сm is achieved at a dangerous wind speed Um 
at the distance Хm from the emission source. These 
accompanying reference parameters Um and Хm are 
determined by several formulas in [35], which are not 
given here due to their bulkiness. 

Step 2. Correction of calculations at an arbitrary 
wind speed U. 

The maximum ground level concentration of pollu–
tants Сm.U under unfavorable meteorological conditions 
and a wind speed U different from the dangerous wind 
speed Um is determined by the following scaling ratio: 

 ,CrC mU.m ⋅=  (15) 

where r is a dimensionless scaling factor determined by: 

 

2

3

2

0.67 1.67

1.34 1;

3
1.

2 2

m m

m m

m

m
m m
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 
= ⋅ + ⋅ − 

 

 
− ⋅ ≤ 

 
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 ⋅ − + 
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 (16) 

Fig. 3 graphically presents the dependence 
r=f(U/Um) as a correction for an arbitrary wind different 
from the reference value Um. 
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Figure 3. Correction factor r depending on an arbitrary 
wind speed U. 

Fig. 3 shows that at a wind speed U different from 
the reference value Um, the maximum calculated 
concentration Сm will always take lower values. The 
arbitrary wind speed U similarly affects the reference 
value Хm: 

 ,XpX mU.m ⋅=  (17) 

which is similarly expressed by the correction factor p 
with the relevant calculation formulas for the depen–
dence p=f(U/Um): 

 

.
U
Uat.

U
U.p

;
U
U.at

U
U.p

;.
U
Uatp
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mm

m
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5

>+⋅=

≤<+







−⋅=

≤=

 (18) 

Fig. 4 graphically presents the dependence p= 
f (U/Um) as a correction for an arbitrary wind speed 
different from the reference value Um. It shows that if 
the wind speed U differs from the reference value Um, 
the dista-nce along the axis of the pollutant emission 
correspon-ding to the maximum emissions will always 
increase. 

 
Figure 4. Correction factor p depending on an arbitrary 
wind speed U. 

Step 3. Calculation of the pollutant concentration 
along the X emission axis 

At the dangerous wind speed Um, the ground level 
concentration Сх of pollutants in the atmospheric air 
from a point source on the emission axis, at various 
distances X from the emission source, is calculated 
similarly through a correction factor: 

 ,CsC mx ⋅= 1  (19) 

where s1 is a dimensionless coefficient determined 
depending on the X/Xm ratio using: 
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
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(20) 

Fig. 5 graphically presents the dependence s1= 
f(X/Xm) as a correction for the distance along the 
emission axis. It shows an almost exponential decrease 
in the concentration of pollutants when the actual 
distance differs from the reference value Xm. 

 
Figure 5. Correction factor s1 depending on the distance 
along the emission axis 

Step 4. Calculation of the pollutant concentration 
normal to the emission axis 

The ground level concentration of pollutants in 
atmospheric air Сy is calculated similarly at the distance 
y normal to the emission axis through the scaling factor 
s2 determined by: 

 ,CsC xy ⋅= 2  (21) 

where s2 is also a dimensionless coefficient: 
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Figure 6 shows the graphic dependence for s2= 
f (Y/X), which within 0<(Y/Х)<0.5 demonstrates a dec–
rease in the concentration of emissions to almost zero 
with an almost Gaussian distribution. 

 
Figure 6. Correction factor s2 depending on the distance 
normal to the emission axis. 
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The above equations allow the concentration of 
pollutant emissions to be calculated at an arbitrary point 
from an area source and, in the general form, to deter–
mine the dispersion field of pollutant emissions from a 
single area source of a unit rate at a given wind speed. 

The MatLab suite was used to carry out model 
experiments for determining the concentration field 
during the dispersion of pollutant emissions from an 
area source at a unit rate (in the individual case, at a 
wind speed U equal to the dangerous speed Um). 

The calculations used equations (18–21) with vari–
ations in a distance X from the emission source and a 
distance Y normal to the emission axis.  

Fig. 7 presents the modeling results in the form of a 
three-dimensional dispersion field of pollutant emis–
sions from a source of a unit rate and at a wind speed U 
equal to the dangerous speed Um. 

 
Figure 7. Pollution concentration field when emissions are 
dispersed from a source of a unit rate 

The modeling results give a visualization of the real 
dispersion of emissions from a single (mobile) source, 
which is the basis for future estimates of the 
concentration fields of emissions from many randomly 
distributed single sources, both point and area. 
 
5. A COMPLETE MATHEMATICAL MODEL FOR 

CALCULATING THE CONCENTRATION CLOUD 
FROM POLLUTANT EMISSIONS WITHIN THE 
ENTIRE INTERSECTION AREA  

 
The final model represented by equation (10) is a mat–
hematical macromodel for calculating the concentration 
of pollutants in any of the M squares of the dispersion 
cloud centered at point (xm, ym) from a set of N area 
sources of pollutant emissions centered at points (ξi, ηi), 
which make up the entire intersection. The calculation is 
carried out at a frequency of tk, the minimum value of 
which is determined by the computing system.  

The first term in this micromodel, Mi
tk, is the rate of 

the total pollutant emissions from the i-th area source 
determined by standing and moving vehicles in this area 
in time tk. The mathematical model is represented by 
equation (12). The second term of this macromodel С'i 
(xm–ξi, ym–ηi) is the partial concentration of pollutant 
emissions at point (xm, ym) from the i-th area source 
centered at point (ξi, ηi). It is determined through a set of 
correction factors for the maximum calculated 
concentration of pollutants (Сm in equation (14)) for the 
i-th area source (see Section 4).  

The complete mathematical model of monitoring 
with a frequency of tk at each point (xm, ym) of the 

pollutant concentration cloud Ctk (xm, ym) for an urban 
intersection divided into N area emission sources is 
represented by: 
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6. THE DEVELOPMENT OF A SOFTWARE SYSTEM 

FOR CALCULATING POLLUTANT 
CONCENTRATIONS  

 
The above mathematical model for the dynamic calcu–
lation of a pollutant concentration cloud is implemented 
in Python programming language and added as a mo–
dule into the AIMS eco software system. The sup–
porting software solutions for this module are presented 
below. 

The resulting detections from the YOLOv4 neural 
network for vehicles at an urban intersection are tracked 
in real time by the SORT tracker. Geographical coor–
dinates are calculated for each vehicle and used as a 
basis for calculating the distance traveled, speed, idle 
time, and movement. All processed frames are stored in 
the memory and queued for processing. Each vehicle 
belongs to its own queue with unique data.  

According to the regulatory documents, we calculate 
atmospheric emissions for the following pollutants 
emitted by a set of mobile sources:  
• carbon monoxide СО; 
• sum of nitrogen oxides (in terms of nitrogen dioxide) 
NOx; 
• hydrocarbons; 
• soot; 
• sulfur dioxide SO2; 
• formaldehyde CH2O; 
• benz(a)pyrene C20H12; 
• РМ2.5; 
• РМ10. 

Vehicle detections from the queue are used to calcu–
late the amount of pollutant emissions with a frequency 
of 3 seconds. After the calculation, the queues are clea–
red and refilled. An interval of 3 seconds was expe–
rimentally selected as optimal for real-time operation. A 
shorter time interval leads to an increase in the number 
of processed video streams and the used software suite 
does not have enough time to calculate pollutant emis–
sions and concentrations. Figure 8(a) shows detection 
queues over 3 seconds. Each point is a separate detec–
tion. Separate tracers indicate a queue for one vehicle. 

For the intersection area, all detections are divided 
into 20×20 meter cells, which corresponds to the area 
sources of pollutant emissions. The distance traveled, 
average speed, idle time, and movement time are calcu–
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lated for each vehicle within each cell. Fig. 8(b) shows a 
fragment of a breakdown of detections into cells for the 
intersection area. 

 

 
Figure 8. (a) Queues of vehicle detections with a frequency 
of 3 seconds; (b) Breakdown of detections into 20×20 
meter cells 

The cell size of 20×20 meters was chosen based on 
the optimal real-time operation of the computer system. 
A smaller size is insufficient to record vehicles moving 
at high speed. At a maximum speed of 60 km/h 
(16.7m/s), smaller cells will not have enough detections 
to calculate dynamic characteristics. For example, if a 
cell size is 10×10 meters and 8 frames are processed per 
second, only 4–5 detections will fall into the cell. This is 
not enough in view of the error of the neural network. 

The total number of emissions is calculated based 
on all recorded detections within each cell. Thus, each 
cell represents an area emission source (Fig. 9). The 
amount of pollutants emitted into the atmospheric air 
per unit time (g/s) is calculated as the amount of 
emissions in grams divided by the time the vehicle is 
inside the cell. 

 
Figure 9. PM2.5 emissions in grams from area sources 
every 3 seconds 

Taking into account the mathematical model 
equation (23), the following meteorological factors from 
the OpenWeather source are taken into account when 
calculating the concentrations of pollutants (mg/m3) 
from traffic flow emissions in the ground level layer: 
• ambient air temperature, ºC; 
• wind speed, m/s; 
• wind direction. 

To calculate and display the pollutant cloud concen–
tration for the entire intersection area, the area is divided 
into a 10×10 meter grid of squares. The concentration of 
emissions from each area source is calculated for each 
square of such a grid (Fig. 10). 

 
Figure 10. An example of summing emission concentra–
tions from three area sources for two grid squares of the 
concentration cloud 

The data are not taken into account immediately, but 
only after the time emissions from each area source 
need to reach all squares of the concentration cloud grid. 
To calculate the delay time, the distance between the 
source and the measurement area is divided by the wind 
speed. The result is stored in a list along with the time 
when the emissions reach the target. In each calculation 
iteration, all measurements from the list that have 
reached the square of the concentration cloud are added 
to the resulting concentration value.   

Fig. 11 represents the shift in the concentration 
cloud of pollutant emissions under the influence of 
wind, generated by the new module of the AIMS eco 
software system for one intersection. The software 
system database generates a report on the quantity and 
concentrations of the main types of pollutants per day 
with a frequency of 20 minutes. 

 
Figure 11. Time frame of monitoring the PM2.5 emission 
concentration cloud by the AIMS eco system 

The depth of the reporting database in time is up to 
one year, which allows for further analytical studies of 
the environmental situation within the monitored 
intersections. 
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7. VERIFICATION OF THE METHODOLOGY FOR 
EMISSION CONCENTRATION MEASUREMENT 

 
The results of modeling the concentrations of vehicle-
related pollutant emissions were compared with instru–
mental measurements made by a certified mobile 
laboratory in Magnitogorsk, with the wind at distances 
of 50m and 100m from the center of the intersection. 
С012М, АС32М, AF22M, G2107, DustTrak8533) la–
boratory gas and dust analyzers and an WXT530 
automatic weather station were used to measure 
pollutant concentrations.  

Figs. 12–15 show the results of instrumental measu–
rements averaged over 20 minutes and model calcu–
lations every 2 minutes for the following pollutants: 
carbon monoxide CO; the sum of NOx (NO and NO2); 
and PM2.5 carried out over three days. Due to the 
influence of many unpredictable factors on instrumental 
measurements, verification comparison conditions pro–
vided for the difference between the calculated values 
and the instrumental values by no more than 25% for 
one of three 20-minute intervals within one hour. This 
condition is met for all pollutants in the comparison 
tests

 
Figure 12. A comparison of CO emissions 

 
Figure 13. A comparison of NOx emissions 

 
Figure 14. A comparison of PM2.5 emissions 
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When measuring PM2.5 emissions, the influence of 
random disturbances (end of the first day and beginning 
of the third day) is also manifested. In general, the 
average deviation of the calculated values of PM2.5 
emissions is 8.7% for the measurement point 50m from 
the center of the intersection and 9.6% for the 
measurement point 100m from the center of the 
intersection (Fig. 14). The closeness of the calculated 
values of emissions obtained from modeling to the 
instrumental measurements shows the accuracy of the 
resulting mathematical model for the real-time 
assessment of the dispersion of vehicle-related emission 
concentrations. 
 
8. CONCLUSIONS AND RECOMMENDATIONS FOR 

FUTURE WORK 
 
In conclusion, we would like to emphasize the advan–
tages of the developed approach to continuous moni–
toring of pollutant emissions based on the presented 
mathematical model. These advantages render our 
methodology more effective and relevant in the face of 
escalating environmental issues associated with motor 
vehicle traffic. 

First and foremost, our solution provides real-time 
monitoring, which represents a significant advancement 
over traditional approaches. Most previous studies 
relied on static models that utilized historical data for 
computations. This limitation hindered timely responses 
to changes in traffic conditions. By collecting and 
analyzing data in real time, our model enables prompt 
detection and tracking of pollution levels, which is 
crucial for rapid response and implementation of 
measures to improve air quality. 

Furthermore, we have integrated current meteoro–
logical conditions into the modeling process. By 
considering factors such as wind speed and direction, 
our approach offers improved conditions for predicting 
the dispersion of pollutants, thereby significantly en–
hancing the accuracy of our calculations. Many previous 
studies failed to account for the dynamic influence of 
meteorological conditions, often leading to outdated 
conclusions. In contrast, our methodology aims to 
provide a more comprehensive and realistic depiction of 
pollution distributions, which can have important 
implications for environmental policy and urban 
infrastructure. 

The application of the YOLOv4 neural network for 
extracting and interpreting traffic flow data also 
represents a substantial improvement over traditional 
analysis methods. Our system demonstrates a high 
degree of adaptability and is capable of working with 
changing traffic patterns, whereas many prior studies 
depended on fixed parameters, overlooking the complex 
interactions within the system. This makes our model 
more flexible and viable in real-time conditions. 

We also noted the high accuracy of our calculations, 
as demonstrated through comparative analysis with 
measurements obtained from a certified mobile labora–
tory. Our model showed deviations ranging from 5.9% 
to 13.4% for various pollutants, underscoring its relia–
bility. Such a strong correlation with actual data indi–

cates that our monitoring results can be trusted, thereby 
enhancing their practical significance. 

An additional advantage of our approach is the 
capability to create dynamic maps of pollutant distri–
butions at intersections. This fosters data visualization 
and makes the information accessible for analysis, 
which can become an important tool for environmental 
monitoring and strategic decision-making. In the con–
text of existing static pollution maps, our method 
provides a more contemporary means of understanding 
the issue at the level of specific urban infrastructure 
segments. 

In summary, although our model is currently simp–
lified, there are clear pathways for its future deve–
lopment. We plan to integrate aspects related to urban 
development and account for the influence of surro–
unding buildings on wind flows and pollution 
distributions, which will offer even greater accuracy and 
reliability in our final calculations.  

Thus, our research represents not only a vital step 
forward in the field of environmental air quality moni–
toring but also serves as a foundation for further 
advancements in urban air quality management, which 
is particularly pertinent in the context of contemporary 
environmental challenges. We hope that the findings of 
our study will be beneficial to both researchers and 
governmental agencies involved in the development of 
effective strategies for air quality improvement. 
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МОДЕЛ ДИНАМИЧКЕ НЕУРОНСКЕ МРЕЖЕ 
ЗА ПРАЋЕЊЕ ЖИВОТНЕ СРЕДИНЕ 

ЗАГАЂЕЊА ВОЗИЛА У УРБАНИМ УЛИЦАМА 
 

В. Шепелев, А. Глушков, О. Иванова,  
К. Бастрикина 

 
Загађење ваздуха гасовима емисијама возила у 
одрживом, паметном граду је неоспоран и хитан 
проблем који захтева нове методе решавања. Да би 
се предузеле административне мере за побољшање 
квалитета ваздуха, неопходно је имати поуздан алат 
за тренутну процену тренутног загађења ваздуха на 
раскрсницама путева као местима највећег гоми–
лања возила. У овом чланку је описан математички 
модел и његова софтверска имплементација засно–
вана на технологији неуронске мреже, која омо–
гућава континуирано праћење емисија девет врста 
загађујућих материја из различитих категорија 
возила која стоје и крећу са параметрима као што су 
брзина, координате и време мировања. Аутори су 
развили скуп података за обуку динамичке неурон–
ске мреже, који се састоји од 60.000 означених 
слика. Модел израчунава ниво загађења ваздушног 
базена на подручју одређеном зоном видљивости 
спољне камере за видео надзор и висином од 2 
метра. За разлику од постојећих модела, предложено 
решење ради у режиму реалног времена, може се 
уградити у постојећу инфраструктуру за праћење 
раскрсница путева и узима у обзир тренутне вре–
менске услове: јачину и смер ветра. Ово је омо–
гућило ауторима да верификују резултате прорачуна 
инструменталним мерењима мобилне еколошке 
лабораторије, да постигну високу тачност у детек–
цији тренутног загађења ваздуха за даље управљање 
еколошким ризицима повезаним са друмским 
саобраћајем.

 


