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para a obtenção do grau de Doutor em Ciências (D.Sc.)

AVALIAÇÃO DE EMISSÕES DE NAVIOS POR SISTEMA DE
IDENTIFICAÇÃO AUTOMÁTICA AIS E BIG DATA NA AMÉRICA LATINA

Maricruz Aurelia Fun Sang Cepeda

Maio/2022

Orientadores: Jean David Job Emmanuel Marie Caprace
Marcio de Almeida D’Agosto

Programa: Engenharia Oceânica

Os dados do Sistema de Identificação Automática (AIS) registram uma grande
quantidade de informações sobre a segurança e proteção de navios e instalações
portuárias no setor de transporte marítimo internacional. No entanto, os grandes
bancos de dados não são úteis apenas para funções de segurança. Também pode ser
útil para outras áreas do tráfego marítimo, reduzir os impactos ambientais, melhorar
a logística e examinar a conformidade com os regulamentos atuais da Organização
Marítima Internacional (OMI). O objetivo desta pesquisa é estimar o inventário de
emissões de navios e avaliasse a eficiência de várias opções técnicas para reduzir o
impacto dos navios oceânicos na atmosfera e no clima. Em outras palavras, pretende
examinar como melhorias tecnológicas e estratégias políticas podem ajudar a reduzir
as emissões do transporte marítimo internacional no futuro. Os dados de entrada
para as abordagens foram coletados de varias fontes e bancos de dados (BD) marí-
timos, como o registro mundial da frota de navios e o BD AIS. A presente proposta
avalia como possíveis melhorias na tecnologia, energias e combustíveis alternativos
impactariam a evolução futura das emissões dos navios. Três estudos de caso (EC)
são desenvolvidos para estimar as emissões dos navios baseados no AIS. O último
EC adicionou a aplicação de cenários, considerou a combinação de tecnologias e de
demanda de tráfego de navios baseados principalmente pelo crescimento econômico.
A previsão é para 2050. O resultado mostra como energias e combustíveis alterna-
tivos podem impactar até 50% da maioria das emissões de navios menores, junto à
implementação das novas regulações internacionais. Por fim, a melhor compreen-
são quantitativa da eficiência e do impacto das alternativas técnicas para reduzir as
emissões dos navios ajudariam os tomadores de decisão a melhorar suas estratégias.
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Automatic Identification System (AIS) data records a high quantity of informa-
tion regarding the safety and security of ships and port facilities in the international
maritime transport sector. However, the big databases are not only useful for these
safety functions. It can also be helpful for other areas in maritime traffic, such
as reducing environmental impacts, improving logistics, and examining compliance
with current International Maritime Organization (IMO) regulations. The purpose
of this research is to provide a ship emission inventory and an assessment of the
efficiency of several technical options to reduce the impact of ocean-going ships on
the atmosphere and climate. In other words, this work aims to examine how tech-
nological improvements and policy strategies might help reducing emissions from
international shipping in the future. Input data for these approaches were collected
from different sources and maritime databases such as the worldwide ship fleet reg-
ister and AIS database. The present proposal assess how possible improvements
in technology or alternative energies and fuels could impact the future evolution
of ship emissions. Three cases of studies are developed to estimate ship emissions
based on AIS. The last case study added an application of scenarios, and it defined
considering a combination of technologies and several future ship traffic demand
scenarios mainly determined by the economic growth. The prediction is for 2050.
The result shows how alternative energies and fuels could impact almost 50% of
most minor ship emissions, concurrently implementing newly introduced interna-
tional policy measures. In conclusion, a better quantitative understanding of the
efficiency and impact of the technical alternative to reduce ship emissions may help
the decision-makers to improve their strategies.
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Figure 2.1: IMO addressing climate change timeline
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Figure 2.2: GHG Emission Abatement Technologies – Part I
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Figure 2.3: GHG Emission Abatement Technologies – Part II
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Figure 2.7: Geographical location of the China Emission Control Areas
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Figure 3.1: General Flow chart of the system to make the emission inventory
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2. International Maritime Organisation number (IMO) - note that this num-
ber remains the same upon transfer of the subject vessel’s registration to
another country (flag)

3. Call Sign - international radio call sign assigned to the vessel by her
country of registry

4. Name - up to 20 characters

5. Type (or cargo type) - the AIS ID of the subject vessel’s ship type

6. Dimensions - based on the position of the AIS GPS antenna on the vessel

7. Location of the positioning system’s antenna onboard the vessel

8. Type of positioning system (GPS, DGPS, Loran-C)

9. Design draught - 0.1 to 25.5 metres

10. Destination - up to 20 characters

11. ETA (estimated time of arrival) based on UTC with month, date, hours
and minutes

• Dynamic data includes:

1. Navigational status, e.g., under way using engine, at anchor, moored, etc.

2. Rate of Turn (ROT) - right or left (0 to 720 degrees per minute)

3. Speed over Ground (SOG) - 0 to 102 knots (0.1-knot resolution)

4. Position coordinates (latitude and longitude - up to 0.0001 minutes ac-
curacy)

5. Course over Ground (COG) - up to 0.1 degrees relative to true north

6. Heading (HDG) - 0 to 359 degrees

7. Bearing at own position - 0 to 359 degrees

8. UTC seconds - the seconds’ field of the UTC when the subject data-packet
is generated.

• Voyage-related data includes current draught, description of cargo, and desti-
nation.

3.2.2 Data acquisition

One of the database considered in this study relies on a AIS base station (hardware
and software) that has been installed and maintained by our research group. The
base station is named UFRJ-COPPE, and is located at the Technology Centre of
the Federal University of Rio de Janeiro. The area covered up to 2 091 Km2, the
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average range of the signal reception is 7.21 Nautical mile (NM) with a maximum of
56.23 NM. The average of records received in one hour is around 32 distinct vessels
and 15 958 ship positions. The station cover 100% of the Guanabara bay in Rio the
Janeiro including the port entrance channel and the anchorage area outside of the
bay.

The hardware consists of one omnidirectional Sirio GP6E antenna of 2x5/8λ (162
Mhz), one AIS receiver COMAR SLR350N and one Raspberry Pi3 to provide Eth-
ernet connectivity and to host an NMEA multiplexer server. An NMEA message
decoder, as well as a Microsoft SQL server, compose the data warehouse configu-
ration. The main table in the database contains 196 different fields extracted from
the messages. The average AIS message quantity is about 395 per minute.

The AIS data provides efficiency to assist ships in collision avoidance ports and
maritime authorities in traffic monitoring, ensuring better surveillance of the sea.
However, it also has other potential utilization, such as estimating emissions with
accurate data, as proved in this thesis.

Other databases used are the IHS and Marine Traffic databases that provide
detailed data for ships.

3.2.3 Input data

In this work, emission inventory is obtained through the assessment of various input
data. There is two types of data. Input data used in the AIS processing and input
data used in the emissions assessment applied.

Input data of AIS processing are the data used to define the zone of the study
and to evaluate the behavior of the ship (harbor, maritime, entrance in port).

The data used for AIS processing are presented below:

1. MMSI number - Maritime Mobile Service. Identity (MMSI) identification
number.

2. Ship name - Name of the ship.

3. Service Speed - Service speed of the ship in knots.

4. Latitude - Latitude in degrees, minutes, seconds.

5. Longitude - Longitude in degrees, minutes, seconds.
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Figure 3.2: Available and missing data for the IHS database

The combination of the data of the DB sources happens in this part of the process.
This action is necessary to build a database with all the information. The main
primary key that is used to undertake this process is the IMO ship number and the
second primary key is the Maritime Mobile Service Identity (MMSI) identification
number.

An essential aspect of data treatment is the handling of errors. All experiments
or simulations invariably produce errors and noise. Both systematic and random
errors need to be considered.

Data treatment consists of defining the records that be considered or not for the
process. The outliers and the missing values are excluded.

Records not considered in the process are associated with the accuracy of the
information, for example, the verification of the ships speed. The ships speed, in
some cases, have wrong values due to the transponders’ errors. Then, a filter can
be established to detect vessels that present a speed over ground above the design
speed of the ship.
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Chapter 4

Case Study

4.1 Introduction

This chapter presents different areas of study where the methodology is applied
to make emission inventory. There are in the ports around the two most populated
municipalities in Brazil (Rio de Janeiro Area, and Santos Area), and Galápagos
Island Area (Ecuador).

Case Study 1: Brazil represented by Rio de Janeiro and Santos, was chosen due
to the availability of an extensive collection of data, including the static data of the
ships. Also, the diversity of vessel types in this zone is essential to classify what
are the ships polluting more than others. This classification provides a tool to make
better decisions with alternative fuels or new technologies selection. Furthermore,
these regions in Brazil have a significant influence on the economy, and the pollution
generated causes a substantial impact on the population’s health.

Case Study 2: Ecuador represented by Galápagos Island, it is a vulnerable natural
zone of the world, with environmental importance in the biodiversity and also an
economic significance in a small country. The data available allows the evaluation
of a fleet with minor dimensions, and it provides an excellent example to make
better decisions with alternative fuels or new technologies selection. Also, this is
a case that the author applied within a project developed in partnership with the
Maritime Authority and the country’s tourism ministry. Furthermore, these data
provide a tool to compare the methodology developed and the statistical calculus
of fuel consumption. The information available and the results found give more
robustness to the case. Moreover, the Galapagos region in Ecuador has a significant
influence on the economy, and it is an area that needs special attention because of
its worldwide environmental importance.

58








