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This study introduces the concept of a Dynamic Generator for Machine Learning (ML) training.
The paper presents the use of this key concept in order to obtain valuable data about the traffic
in a crowded city like Bucharest according to the city habits and to the real-time data collected.
The trained ML models may be used in the architecture of a modern Traffic Management
System (TMS) based on Artificial Intelligence (Al) for Bucharest or any other crowded city. The
Generator consists of a Simulator and a Collector of real data from the observed environment.
In this way, the obtained set of data is hybrid because it may contain real data obtained from
sensors together with synthetic data obtained from the Simulator. The Generator is dynamic
because the synthetic data are smoothly replaced with real data as time goes by and as more
and more sensors are put into operation in the city. The Simulator results are produced
according to a simplified city model and some socio-compartmental parameters which try to
describe at the macro level the behavior of the city based on historical data collected in time
by the authorities and other nongovernmental organizations. These initial parameters could be
improved, and more than that, the city's behavior is changing over time. That's why the city
model and the parameters have to be refined in time. In this way, each new data generation
will serve to re-train more accurately the set of ML models needed in the Traffic Management
System.
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Introduction

The concept exposed here is part of a
complex research project whose general
objective is to define an Information System
for Urban Traffic Management based on Al.
Like stated in [1], this type of management is
a complex objective that aims at both the
optimization of flows and the optimal
response to disturbances and crisis situations.
This involves the cooperation of several
intelligent systems such as Real-time data
collection systems, loT, Prediction systems,
Decision/Execution systems, and Systems for
interaction with actuators in intersections.
An important component of this ensemble is
the Predictive Core of traffic levels at city
intersections.
Book [2] describes a concept similar to the
General Objective of this project and details
the role of the components involved,
especially the prediction part and the

relationship between prediction, Al, and
traffic actuators. The main idea highlighted is
that smart systems need to solve traffic
problems by simulating the current behavior
of the Traffic Police.

At the current stage, in near the total absence
of concrete real-time data from the real world
related to traffic, it was necessary to create the
Historical Data Dynamic Generator (HDDG)
to generate the sufficient data needed to train
the ML components of the main system. In the
beginning, Prediction Core will be the main
beneficiary of the generated data.

HDDG consists of two components: General
Traffic Simulator (GTRSIM) and Real Data
Integrator (RDI)

HDDG aims at this moment to reproduce with
a reasonable degree of approximation the
situation in a city according to the "Mirror"
concept presented in [3].
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HDDG is used in this project to generate
traffic data over time intervals of more than
five years.

In general, the generator HDDG can in turn be
improved for higher levels of accuracy both
by integrating new sources of reliable real
data and by increasing the degree of
refinement of the simulator GTRSIM.

The advantage of this approach is that
everything can be developed gradually: very
few sources of real data are usually available
during the launch phase (behavioral data from
the authorities and archival meteorological
data). The rest of the necessary data must be
provided by GTRSIM.

Due to the inherent difficulties (organizational
and technological) related to the integration of
real data sources, the GTRSIM simulator will
have a very important role, especially in the
first years of operation for the Prediction
Core.

HDDG will also be able to be used by
institutions that have roles in city
development through scenario analyzes, prior
to the approval of urban planning projects.
Compared to the conceptual level of the initial
project, the real implementation of HDDG
will inherently lead to higher consumption of
processing resources with an impact on
simulation costs. The institutions that will use
this generator will be able to adjust from the
general parameters the degree of refinement
and implicitly the costs for the simulation to
the desired acceptable cost levels, in balance
with the desired degree of accuracy.

2 Content details

GTRSIM presentation

GTRSIM is a general-purpose traffic simula-
tor based on city behavior. It fits into the
class of "computational tools to obtain simu-
lations for equations which need stochastic,
rather than deterministic, methods" [4].

For the Static Simulation Scenario (one
step for the whole city), the city is divided
into sections according to a reasonable grid.
A district can contain one or more sections.
The sections inherit the coefficients of popu-
lation density (PD), breaking (BR), and mag-
netism (MG) characteristics of the districts

they belong to. These coefficients for dis-

tricts are input data taken from the statistics

collected by the authorities.

From the total population of the city, a part of

the inhabitants is selected who become "can-

didates” for the respective day according to
the p Candidates system parameter (default =

90%). The rest of the "non-candidates” are

residents who will not leave the house on that

day.

General GTRSIM parameters are:

1. City population (POP)

2. Average number of entries/exits in/out of
the city per day (NMIO)

3. City map. The map is superimposed on a
grid of equal-sized sections that constitute
the simulator’s internal coordinate system.

The defined size of the sections for a given
simulation has a direct impact on the compu-
tational power required for the GTRSIM sim-
ulator.
Each section contains a 10x10 grid. Its pur-
pose is to randomly disperse the coordinates
of the roads inside the section.
4. List of Sectors - Percentage of the city's
population on each sector (Density_popula-
tion_sector matrix)
5. List of Districts
Several districts make up a sector (according
to data provided by the authorities)
The default population density in the district
is the population/area ratio (Population_ den-
sity_district matrix). The matrix of densities
by districts is generated in such a way that it
fully respects the matrix of densities by sec-
tors. The latter is given by official data.
6. Districts are grouped into District Classes
depending on their specifics (residential and
business, predominantly residential, predomi-
nantly business, congestion, GATE entry-exit
point). A district can occupy one or more sec-
tions in the grid.

All sections of a district inherit from it the fol-

lowing parameters: Population_density _de-

fault, Breaking default, Magnetic intensity de-
fault (PD_default, BR_default, MG_default)

To describe the parameters that influence the

stochastic generation, matrices, and vectors

were used in which notes from 1 to 10 with
the generic meaning "weight" were entered
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on each cell. In most GTRSIM components,
the granulation from 1 to 10 allows the gen-
eration of random events after this grade by
using parallelized weighted_random_genera-
tors [5].

The Population_density_section_default
matrix (PD) allows the calculation of the
"present” population at the beginning of day
zero in each section.

The actual_section_population_density is
variable and depends on the number of de-
partures or arrivals during a day, as well as
the population transiting that section. From
one day to the next, this actual density can
also be influenced by the following phenom-
ena: people who do not return home until
midnight, people who entered the city via a
GATE and remain in a section of the city at
the end of the daily route.

The Population_density_section_coefficient
matrix (TPD) amplifies the PD_default by
sections depending on the hours and the class
of the neighborhood in which the section is
located.

The Braking_default matrix (BR) influences
the roads that pass through the sections at a
given time. The Braking Coefficient matrix
(TBR) amplifies the BR_default on sections
depending on the hours and the district class
in which the section is located.

The Magnetic_intensity matrix (MG) is the
intensity with which the sections "attract” the
roads towards them. The actual_magnetic_in-
tensity is strongly influenced by the time of
day. (eg. Business centers attract strongly in
the morning and residential districts attract
more in the afternoon and evening). The Mag-
netic_intensity_coefficient matrix (TMG) am-
plifies the MG _default on sections depending
on the hours and the class of the district in
which the section is located.

Six types of transport were defined: AUTO,
Metro, STB, TAXI, Bicycles, Pedestrians
For each of these, the following parameters
are defined: average speed default, probabil-
ity of generation default, and cost default.
They are also other computed hourly depend-
ent coefficients used during the simulation,
like:

- Sensitivity to braking. It is composed of the
braking coefficient in each section that a road
crosses and influences the real average speed
in that section for each type of transport at a
certain time. It is important for AUTO, STB,
and TAXI. The metro is not affected at all. Bi-
cycles and pedestrians are influenced to the
same extent.

- Sensitivity to direction. It is composed of the
braking coefficient in each section and influ-
ences the real average speed in that section for
certain types of transport at a certain time. It
becomes important for pedestrians and bicy-
cles (the length and frequency of pedestrian
and bicycle roads decrease in proportion to the
headwind).

The main correlations are "artificially in-

jected" generation principles in the GTRSIM

simulator.

The initial objective of the generation is to es-

tablish the degree of accuracy with which the

ML models trained after the simulation man-

age to adapt to these correlations in order to

make predictions as correct as possible.

The main correlations of GTRSIM are:

e Day/night cycle (dependency on the
hourly interval of the day) by section clas-
ses: population densities, braking, and
magnetism in certain time intervals.

e The cycle of days of the week (depend-
ency on the day of the week): magnetism
amplification in InOut Points on Friday,
population density amplification in InOut
points on Sunday.

e Legal holidays (dependency on the day of
the year): magnetism amplification in In-
Out points one day before legal holidays,
density amplification of InOut Point on
the last day of legal holidays.

e Vacation periods (dependency on the day
of the year): magnetism amplification in
InOut points one day (or week) before the
vacation period, density amplification of
InOut points on the day (or week) before
the end of the vacation period.

e The cycle of years - the share of AUTO
increases by 1% per year.

e Temperature, precipitation, wind speed,
and wind direction (dependency on the
hourly interval of the day [6]): the
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weather-temperature table is applied over
the distribution of types of transport.
The direction of the wind only affects bicycles
and pedestrians according to the following
principle: if the road being taken is in the op-
posite direction of the wind, then the cost of

the road increases, and above a certain value
that road is abandoned. In this case, GTRSIM
will allocate another road with another type of
transport for the respective person.

Table 1. Example of definition for transport types: table TT

Transport type | weight resulted generation probabiliy average speed-default (km/h) cost
1|AUTO 10 26% 40 &
2|Metro 8 21% 30 4
3|5TB 9 23% 30 3
4| TAXI 7 18% 35 8
5|Bicycles 1 3% 10 1
&|Pedestrians 4 10% 4 1

Total: 39 100%

Table 2. Legal holidays for one year

Day of the year Date
1 1.01
2 2.01

24 24.01
116 26.04
118 28.04
119 29.04
121 1.05
152 1.06
167 16.06
168 17.06
227 15.08
273 30.11
335 1.12
359 25.12
360 26.12

Table 3. Days of the year for the vacancy in-

tervals
Interval Day of the year
01.01-13.01 1 13
02.02 - 10.02 33 41
20.04 - 05.05 110 125
15.06 - 15.09 166 258
27.10- 04,11 300 101
22,12 -31.12 356 365

3 Static road generator

By iterating over the entire "present” popula-
tion (POP) in the city at 00:00, all simulated
routes for that day are generated in a single
operation.

For this, GTRSIM has a recording and track-
ing system of the population present in the
city at a given time, based on the id, for each

Table 4. Influence of temperature on the

choice of the type of transport

TEMPERATURE|-30|-20|-10( 0| 10| 20| 30| 40
1{AUTO 10| 10 9| 8 7| 6/ 9| 10
2|METRO 10| 10| 8| 6| 5 8| 10
3|5TB 7l 7| 6| 8 9] B 6 5
4|TAXI 100 10| 6| 5| 5| 6| 8 10
5|Bicycles 1] 1| 1| 2| 53| 10 10
6|Pedestrians 1| 1| 7| 10| 10| 10| 8| 5

Table 5. Influence of precipitation level on
the choice of the type of transport
6 7

precpmanion | o] 3 2] 3] 4] s 8l 3| o] uf 12
1|AUTO 1 1 1 3 > 7 9] 10| 10{ 10| 30| 10f 10
2IMETRO | | | '.. 2 4 ﬁ- S ‘i. 10| 10 H'- 10
3|518 1 1 2 2 3 3 4 a4 8 9 104 10
4|Taxi | 1 ! 4 ﬁ. 7 8 ‘\. 10| 10 !l'.‘. 10
5| Bxycles 10| 10 10 8 (] a 2 1 1 1 1 1 1
6| Padestrians | 10 10 :(:‘ 10 8 & 5 4 3 2 1 1

MG 10 10{ 10 10 3' i & ] 4 3 .‘. 1

Table 6. Influence of wind speed on the
choice of the type of transport

jwinospeen | of 10] 20] 30] o] so] ev] 70| so] s6[100
auto [ | 3 2| 4] 710 8] s 4 3f 2
2|METRO 1] 2| 4| s 8| 10| 10| 10| 10| 10
31578 3l 8| 8| 10| 10 5| 4] 2 12
4iTAXI s| s| s 8| 10| 10 10] 6] 3] 2
5\Bicycles 10 10f 8 5| 3| 1f 1] 1 1
6iPedastrians ’.(JAF l(l. :t'J. .‘45 S 3 2 1 | 1
MG | 10] 20| 10| 10| 9| 8| e s| 2[ 1

person. This system also considers new en-
trants through GATEs.

Static generation creates for each person con-
sidered the entire route of the day composed
of several roads and pauses between them.
The generation process takes place only once
at 00:00 of each simulated day.

A typical route has the following structure:
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Road 1 (departure, arrival, transport_type),
Pause 1 (number of seconds)
Road 2 (departure, arrival, transport_type),
Pause 2 (number of seconds)

Road N (departure, arrival, transport_type),

Pause N (number of seconds) =0

For each Road, Departure is a structure that

contains: Departure time and the Start coordi-

nate. Departure time characteristics are:

e |IfitisRoad 1, itis randomly allocated ac-
cording to statistical criteria related to
Population Density

e For the following roads in a candidate's
route, the departure time is: Time_Arri-
val_previous_road + Pause_ previous
_road

Start coordinate characteristics:

e |IfitisRoad 1, itis randomly allocated ac-
cording to statistical criteria related to
Density

e For the other roads it is: Arrival Coordi-
nate of the previous road

Arrival is a structure that contains:

e The stop coordinate - is randomly as-
signed according to statistical criteria re-
lated to the magnetism of the sections at
the initial estimated time.

e Arrival time = Departure_time + esti-
mated_average_time

e Where initially: estimated_average_time
= euclidean_distance_departure_arrival /
speed_of _transport_type

4 Principles of the GTRSIM simulator

At the beginning of each day, GTRSIM per-
forms a static generation of each candidate's
route, which proceeds as follows: the route is
composed of "roads" and "pauses™ between
them.

The data generation mode by the simulator is
configured through a set of socio-behavioral
matrices completed with data resulting from
statistics collected by the authorities.

For each road, the type of transport is chosen
randomly. The choice is influenced by
weather factors (e.g. if it rains, depending on
the intensity of the rain, the probability is
lower for bicycles and pedestrians)

The "start" of a road is made from the section
in which the candidate is located, but the de-
parture time is selected randomly and is influ-
enced by the PD density on sections corrected
with the coefficient of PD per hour (TPD). In
this way, it is more likely that a candidate
from a denser section will leave at an hour
with a higher density coefficient.

The "arrival™ of a road is chosen randomly but
is influenced by the Magnetism (MG) of the
sections, which in turn is dependent on the
time.

For each generated road, the trajectory is ana-
lyzed with a sweep algorithm inspired from
[7] and a list of the sections through which it
passes from the start to the finish is generated.
The journey time is calculated according to
the average speed for the type of transport
chosen. The duration of the road is subse-
quently "penalized" by the braking coeffi-
cients (BR) of the sections through which the
road passes, corrected with the corresponding
BR coefficients (TBR) for the respective time.
Pauses are generated randomly but are influ-
enced by the candidate’s situation (he or she is
employed).

At the same time, on weekends and legal hol-
idays, the rules for "employees" are sus-
pended.

The GATE (the city entry-exit point) behavior
is defined by:

a. Magnetic_Intensity_default:
roads to leave the city

b. Population_Density default: behaves the
same as a district that has a population with a
certain density. This population will randomly
enter the city on that day through that point.
On weekends, legal holidays, and vacancies,
corrections are applied to the density coeffi-
cients (entrances to the city) and magnetism
(departures from the city) at the entry-exit
points of the city, according to the rules pre-
sented in the Main Correlations sub-chapter.
Finally, the real_Magnetic_Intensity and the
real_Population_Density of a GATE are influ-
enced by various factors: the day of the week
(Friday/Sunday), legal holidays, school and
university vacation periods, and the weather.
The number of entries into the city per day
(NMI). Candidates who enter the city in one

"attracts"
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day through GATESs have the same regime for
generating roads through the city that day, just
like those from POP. They can possibly get
out of town the same day if any of their roads
are hit by a GATE.

The number of exits in the city per day
(NMO). Candidates who leave the city in one
day can be from the city or entered earlier
from outside the city through a certain GATE.
The population in the POO city is defined as:

POP + NMI - NMO

Through the tracking system of the city's pop-
ulation, people who have left the city at some
points are entered into the GATE record and
are priority candidates for "returning home".

5 The Generation Algorithm
1. Each section is divided into an ns x ns size
grid. For these experiments, the default
value ns = 10 was used. By increasing ns,
a finer resolution of the simulation is ob-
tained, but the consumption of computing
resources increases exponentially. The
values of the pair x and y are chosen ran-
domly within each section for each gener-
ated road. For each generated road, the
start and stop coordinates contain both the
address of the section and the x and y co-
ordinates chosen from within the section.
2. Each person will have a route generated
for the day that contains between 0 and 10
roads. The total number of roads in a route
is determined randomly at the start of the
route. For this, the vector of weights
(probabilities) is used to generate the num-
ber of roads within the route.
Within a daily route, the roads are chained
4. After each road, a variable pause is ran-
domly allocated according to the follow-
ing rules:
- The population of employees (EMPOP) is a
percentage of 60% from POP.
For EMPOP, the rule of generation for days 1-
5 of the week is: the first road that ends in the
interval 7-10 (service entrance) is followed by
a break. For this, a vector of weights (proba-
bilities) is used to generate the pause duration.
The first "break™ can be 8 hours (the duration
of the service) or it can be 4 hours followed by

meal break", "a road to

w

"a road to meal",

return from the meal" and a new break of 4

hours, i.e. the second part of the service. In

both cases, the durations of 8 or 4 hours in-

volving "service™ can be variable. At the end

of the "service time", GTRSIM will continue

the generation of other roads according to the

above rules.

- The part of the population that does not be-

have like an "Employee" is: NEMPOP = POP

— EMPOP. For NEMPOP, pauses are gener-

ated according to the general vector of weights

(probabilities) for pauses.

For days 0 (Sunday) and 6 (Saturday), EM-

POP behaves similarly to NEMPOP.

For the rest of the roads for both EMPOP and

NEMPOP, the following rule applies: the

pause is randomly allocated between 10 min

and 12 h.

For each generated route, GTRSIM has to ex-

ecute the following steps:

1. Set the total number of roads in the route.
(max 10)

2. Generate the sequence of roads and pauses

For each newly generated road in the route,

GTRSIM has to execute the following steps:

1. Generate the type of transport

2. Generate the start time for the first road in
the route, or set the start time = stop time
of the previous road plus the previous
pause duration

3. Generate the start section and the internal
coordinates x and y

4. Generate the stop section and the internal

coordinates x and y

Generate the pause duration

6. Compute the consumed time between
start and stop according to the break coef-
ficients of each traversed section at that
time and finally set the stop time.

The generation of the necessary values is car-

ried out based on algorithms that use the es-

tablished vectors populated with values com-

puted in the preprocessing phase of the simu-

lator parameters described above and which

ensure a properly weighted distribution at the

output.

o

Example: Using the GTRSIM simulator
for the city of Bucharest.
The parameters are:
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e cCity population (POP): 2,000,000 o matrix of Coefficients for Magnetism by dis-
o the average number of entries into the city tricts and Bucharest GATEs by hours
(NMIO): 150,000 Data of int t ided b . insti
e maximum number of roads per day allowed ata o m;res provi _e y various insti-
for one inhabitant (max_roads): 10 tutions and companies:
o list of Bucharest Sectors - Percentage of the ~ Distribution of types of transport: _
population in each sector e The annual increase in the number of vehi-
e list of Bucharest neighborhoods cles: 5.07% )
e approximate location matrix of Bucharest e Metro statistical data: 500K trips per day
districts (Cartesian coordinates on the grid) ~ ®  STB statistical data: 2M trips per day [29]
o default Densities, Braking, and Magnetism e Taxi: 17,000 (including UBER and BOLT)
for Bucharest districts e Bicycles/scooters: 1%
e matrix of Bucharest GATEs e Pedestrians: average walking distance: 3
e matrix of Coefficients for Population Density km/day
(PD) by districts and Bucharest GATEs by The weather data for Bucharest for the last 5
hours. years from [30] have been loaded with the
e matrix of Coefficients for Braking by dis- following structure: Temperature, Precipita-
tricts and Bucharest GATEs by hours tion, Wind Speed, Wind Dlrectlon
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Fig. 1. The grid defined for Bucharest Fig. 2. Distribution by classes of sections in
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Table 8. Legend for districts Categories

districts Categories (Classes) color
homes and businesses EQ

mainly houses Sender

mainly business Receiver
frequent congestion Braker
PINOUT EQ

4

Fig. 3. Density distribution by sections at 7
AM (view from north to south)

Fig. 4. Magnetism distribution by sections at
7 AM (view from north to south)

GTRSIM implementation

GTRSIM was executed on a scalable server in
Google Cloud to be able to benefit from a var-
iable number of processors for intensive par-
allelization.

The launch parameter tables are persistent in
a Cloud SQL database.

The aggregated results could be stored on a
persistent disk in the cloud, in cloud storage or
they could be transferred to PubSub or Data-
flow for different purposes.

Fig. 5. GTRSIM simulator architecture in the cloud

The simulator was developed with execution
speed as the main performance criterion.

The volume of unaggregated raw data gener-
ated is over 3 petabytes.

For economic reasons, unaggregated data was
not stored in the preliminary testing processes.
For speed reasons, all existing data in the da-
tabase is loaded into the memory at the begin-
ning of the execution. Comparative speed

tests were done for several cache variants and
it was demonstrated that the maximum perfor-
mance is reached if the data is kept in memory
in a dictionary-type structure.

The internal simulation coordinator uses the
generator for a day to generate sets of roads
for all the inhabitants of the city.

The generated data is sent to an internal aggre-
gation processor which in turn processes per
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time intervals the aggregates considered sig-
nificant for the prediction process.
Aggregated data is either stored on Google
Storage or transmitted directly to Google Pub-
Sub.

6 10T data sources

Thanks to the use of the 10T Collector in the
cloud, GDI can receive data from a lot of het-
erogeneous sensors and sources.

Fixed data sources:

a. Traffic counters. These can be inductive
or optical counters that transmit data
about the number of cars that pass
through a point and possibly their
speeds.

b. Simple cameras (with or without artifi-
cial intelligence) existing or to be in-
stalled at intersections or on road sec-
tions.

They will transmit either video streams that
require processing in the cloud to extract the
data of interest, or they are equipped with their
own Al and then directly transmit the number
of vehicles or pedestrians that pass in front of
them, possibly the registration numbers.
Example: counting the cars waiting to enter an
intersection. Two variants were used for the
tests: implementation for autonomous work-
ers in the cloud in Python for parallel pro-
cessing of the video streams and implementa-
tion using Google Cloud Vision

Fig. 6. Counting the cars waiting to enter an in-
tersection
Although it has the advantage of low costs per
camera, the solution leads to a high processing
power requirement in the cloud with an im-
pact on total costs.

c. Cameras with artificial intelligence exist-
ing or to be installed in intersections or
on road sections.

They can process the video stream locally and

transmit to the cloud only the data of interest

(number of cars detected in the scene, number

of passing cars, number of blocked cars, num-

ber of pedestrians, etc.)

For automatic traffic management, it is very

important to count the cars detected in the

scene, which can provide information about
the waiting queues at the entrances to the in-
tersections.

d. Mobile data sources:

¢ Mobile telephony:

e Voluntary variant (contribs): applications
through which traffic participants voluntarily
provide data to the system like Waze.

e Automatic variant: statistical and impersonal
collection of the data provided by the GPS of
mobile phones.

e GPS monitoring systems already exist on cars.

e Telemetry data transmitted by most cars pro-
duced in the last 5 years.

e Data from traffic operators and existing dis-
patchers.

7 Conclusions

GTRSIM is a general-purpose traffic
simulator based on city behavior. Even though
the initial use was dedicated to Bucharest, the
simulator can be used for any other busy city.
GTRSIM was implemented using cloud
technologies and was used to generate
massive sets of data at the petabyte level.
These sets were mixed with data provided by
the Real Data Integrator in order to prove the
Historical Data Generator (HDDG) concept.
The aggregate outputs of HDDG were used
later for diverse ML components training.
The simulator was developed with execution
speed as the main performance criterion.

The GTRSIM cloud implementation can scale
according to the needs because it intensively
uses process parallelization.

Compared with other approaches [8] [9] [10]
[11] [12] whose main focus is on specific de-
tails and aspects related to traffic, GTRSIM is
capable to generate very fast large amounts of
data needed to train and experiment the ML
models.
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From playing with the set of injected correla-
tions, it becomes possible to study in a reason-
able time the varied behaviors of the trained
ML models, both for ordinary traffic condi-
tions and for exceptional situations (ex. irra-
tional behaviors, Heterogeneity, and Nonlin-
ear interactions [4]).

The promising results obtained from the stud-
ies on the generation and simulation side al-
low the transition to the next stage, namely the
study and training of ML models for predic-
tion, decision, and control.
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