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Abstract. In modern maritime industry, vessel traffic monitoring is the most important
and often required task, where failures in data delivery or instability of software
components can lead to colossal economic losses. This paper considers the problem of
processing AIS (Automatic Identification System) data streams in large volumes and in
real time. The author proposes a pipeline architecture on the .NET platform, with
acceleration of object deserialization with source-generated JSON, moving data using
gRPC and SignalR with MessagePack, temporary storage of data portions in Redis, and
delegating client visualization of results to GPU. The implementation of the subsystem
made it possible to achieve a stable display of 20-25 thousand dynamic ship objects —
approximately a quarter of the world's maritime traffic — with an instantaneous speed,
sometimes outpacing the loading of map tiles. The considered approach can be scaled to
other geographic information systems with high data input loads.
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Introduction. Maritime logistics is a critically important industry for global
trade and economies on the scale of countries. From 75% to 90% of all freight
transport takes place on water routes. Currently, digital transformation is taking
place aiming to standardize management, make faster decisions, monitor safety, and
accelerate communication between ships, ports, stations, etc.

One of the most important tasks in the industry is monitoring vessels, in
particular their location, technical condition and planned actions. To exchange such
data between ships, the standard AIS (Automatic Identification System)
communication protocol has long been used, where messages are sent at intervals
from every few seconds to several minutes [1]. With the number of active ships in the

world (slightly over 100 thousand), the need to receive real-time updates, and the
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presence of a generally accepted protocol through which these updates are shared
quite often, monitoring is probably the first task to undergo software automation.

At the same time, its improper implementation - software instability, inability
to keep up with data volumes, data arrival delays - most directly leads to physical
and operational losses, and as a result - to very significant financial ones. A day of
vessel delay during delivery costs from $150 thousand, annually in total the delays
cause $14 billion in losses to the global maritime industry, collisions - another $20
billion per year [2]. Taking into account the situation described above, high-
performance and fault-tolerant systems capable of visualizing global AIS data flows

without delays are a relevant type of software projects.

The main goal of this work is to develop the transmission of real AIS data
streams in the existing software project of a geographic information system, from
listening to communications to displaying ship markers on the map, with latency as
close to real-time as possible and without harming the performance of other parts of
the system.

To listen to AIS data streams, a separate microservice with a constantly
running web socket was added into the architecture. This separation is decided due
to a significant difference of the principle of how web sockets work, compared to
Dependency Injection in ASP. NET Core [3], and therefore to exclude the
interruption of listening by some DI component or delays due to the functioning of
many other processes in the main API.

The source of AIS data in the project is an open-source API aisstream.io. It
delivers AIS messages not from all vessels where the protocol is enabled, only from
20-25 thousand, which is at most a quarter of the world's traffic, but it is positively
distinguished by simple connection setup and completely free access, which became
the reason for this choice.

In the AIS specification, there are only 27 types of messages [1], but for the
implemented subsystem, 6 are enough: 2 types for vessel locations, 2 for properties
and 2 for safety incidents. Selection of these particular types was specified at the

stage of connecting the web socket to the aisstream.io API.
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Messages come from the data source already in JSON format. With a flow rate
of several hundred messages per second, deserializing them the way common
for .NET would be unproductive, since reflection is used there and it decreases
performance the most. Therefore, a JSON context was defined for message classes so
that the deserialization code would be generated at compile time. At this stage, the
number and structure of classes fully correspond to the JSON that comes from the
web socket. The specific type of each message is determined by reading the type
name bytes at its beginning.

Next, AIS messages need to be sent to the main project API. The gRPC protocol
was chosen for this channel due to its binary nature, which is 70-80% more efficient
than HTTP, and its reputation as a good choice for communication between services,
especially at high load of hundreds of objects per second [5]. When using gRPC, it is
necessary to define data models using the proto3 syntax [5], from which the C#
classes are generated at compile time.

It was decided to use new message classes for gRPC, since the classes from the
previous stage were too complex, had a lot of nesting, and barely differed within one
purpose (location/ship properties/safety). For gRPC 4 message classes have been
developed: one for each purpose and a wrapper with fields common for any message.

AIS data comes to the main API into one of the background services constantly
as it arrives. But the same continuous flow cannot be channeled further to the
browser for visualization, because that approach would lead to almost instant
memory exhaustion. Batches must be gathered on the server side before being sent
further in between some time intervals [3], so there is a need for temporary data
storage. The interval between batches was decided as 2 seconds, and to work with
streaming loads so significant, the high-performance NoSQL database Redis was
undoubtedly chosen as the storage.

The data needed for visualization of markers includes coordinates, type of a
vessel (for color coding), and the key that logically joins all this is MMSI (Maritime
Mobile Service Identity) - the identifier of a vessel in communications. Coordinates
are taken from messages about vessel locations, types - from messages about their

properties, and safety messages do not participate in the formation of markers. In
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Redis, the data is organized into one hash table, so that all the information for filling
the map can be retrieved with a single command [4]. The keys are composed of MMSI
and property names, and the corresponding values are atomic, as shown in Fig. 1.
These key-value pairs are created, or more often - updated, constantly as AIS objects

arrive from the gRPC channel.

46029) "367480140:type"
46030) "18"

46031) "232006684:type"
46032) "11"

46033) "538010698:type"
46034) "20"

46035) "244020442:1ong"
46036) "5.0640266666666669"
46037) "257093820:1ong"
46038) "6.7857783333333339"
46039) "319173000:1ong"
46040) "9.4014266666666675"
46041) "314836000:1at"
46042) "44.367333333333335"
46043) "244690959:type"
46044) "7"

46045) "244013558:1ong"
46046) "4.7560966666666662"
46047) "538010198:1ong"
46048) "-15.398741666666666"
4604Q) "D5576R000:1A+"

Figure 1 — Output fragment of the contents of a Redis hash table with visualization data

For sending data further to the client side, a SignalR channel was used, since in
the current project its textbook usage scenario takes place: an ASP.NET application
which should send a large number of records to clients at a speed as close to real-
time as possible [3]. Another performance improvement by 40-60% more was
achieved by configuring the SignalR channel to use the binary protocol MessagePack.

For simplicity in the client-side processing, this stage of data transfer was
intended so that an object directly corresponds to a marker on the map. The answer
is an only class with the fields MMSI, latitude, longitude and vessel type identifier.
To serialize its objects with MessagePack, fields must have ordinal numbers set. The
objects arrive to the client side as arrays of field values in that set order.

Entries of the Redis hash table are aggregated into objects of the marker class
described above in another background service every 2 seconds, as mentioned earlier.
Since the values in pairs are atomic, no connection of properties related to the same

ship is implemented at the DB level, and the order of pairs is random, it is necessary
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to construct objects in the server-side code. MMSI is extracted from keys, which in
Redis are strings [4], and a dictionary is filled, where the values are marker objects
described above. When receiving another entry from the hash table from Redis, the
value of the corresponding property is set on the object in the dictionary by the
current MMSI. After iterating through all the hash table entries, collection of values
of the dictionary is sent to client side via SignalR.

When received at the client side, data arrays are not converted to GeoJSON
collections in the main thread. Given their amount, which in a couple of minutes of
application operation exceeds 20 thousand, there would be lags occuring every time
- that is every 2 seconds. The conversion is outsourced to WebWorker, where it is
performed asynchronously and then a fully prepared GeoJSON is returned to the
main thread.

An attempt to display 20-25 thousand markers on the map with the usual DOM
or even SVG tools from the Leaflet GIS framework used in the project is far beyond
its limit, which immediately led to a crash of the client part or even the entire
browser. Linking the leaflet.glify plugin was critical to the operability of the entire
data transmission pipeline. It delegates GeoJSON rendering to WebGL, which in turn
means GPU rendering, and this way finally displays the working ship markers on the
map. With each new data arrival, all previous markers are deleted, because via
WebGL it is not possible to change the position of existing images. But this constant
deletion with redrawing does not harm the performance of the finished visualization,
the most densely filled fragment of which is shown in Fig. 2. Markers are the best
performing map layer, loading properly even during fast interactions, when other

layers, even the base map tiles, may update with a slight delay.
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Figure 2 — Map fragment filled with markers the most

Conclusions

Data streaming pipeline architecture of the developed in the work completely
solves the problem of visualization of a significant part of the global AIS traffic in
real time. The achieved performance is way beyond limits of more traditional data
transfer protocols and web visualization tools capabilities. It is expected that if AIS
sources with greater coverage, up to the complete maximum, get included in the

project, the developed subsystem will demonstrate the same speed and stability.
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PO3POBJIEHHSI BUCOKOHABAHTAXEHOI'O KOHBEEPA IIEPEJAYI JAHUX
MOPCBKOI'O TPA®IKY BI/I, IDKEPEJIA 10 KIHHEBOI'O KOPMCTYBAYA B
PEXMI PEAJIBHOT'O YACY
C.K. Bypimosa, I'.1. Muxanbuyk

AHomauin. B cyuacHiti MOpceKili cnpasi MOHIMOpuUHz pyxy CyOeH € HAall8axciusiuiorw i
Hatiuacmiwe 3ampebysaHor 3adauero, de 300i y docmasyi daHux abo HecmaobibHICMb
KomnoHeHmig I13 moxcyms npuszgecmu 00 KOJ0CANIbHUX EKOHOMIUHUX empam. B pobomi
po3ensdaemoscsi npobnema o00pobku nomokie damux AIS (Automatic Identification
System) y eenukomy 00Ca3i ma pexcumi peaivbHoz0 udacy. Aemopom 3anponoHo8aHa
apximekmypa koueeepa Ha naamgopmi .NET, 3 npuckopeHHsam decepianizauii 06'ekmis
3as0aku source-generated JSON, nepemiuienHsam daHux 3a donomozoi gRPC ma SignalR
3 MessagePack, mumuacosum 36epexceHHam nopuiti daHux y Redis ma nepesedeHHIM
KaieHmcoKol 8izyanizauii pezynbmamis Ha GPU. BnposadxeHHs nidcucmemu 00380J1U710
docsizmu  cmabineHozo 300paxceHHs 20-25 mucau OJuHamiuHux o00'€ekmis cydeH -—
npubnuU3HO U8epmi C8iMoB8020 MOpPCbK020 Mpagiky — 3 MUmMmesow weudkicmio, ujo
IHKO/IU sunepeodxcae 3asavmaxdceHHs (Qpazmenmis manu. Po3sznssHymuil nioxio moxce
oymu macumabosaHuli Ha iHWI  2e0iHpopmayiliHi cucmemu 3 8eAUKUMU
HABAHMAXCEHHAMU HAOXOOHCEHHS OAHUX.

Kntouoei cnosa: onmumizayiss npodykmueHocmi, nomokosa o0poobka 0aHux, MopcoKutl
mpagixk, AIS, zeoiHopmauilina cucmema, MOHIMOPUHZ, BUCOKOHABAHMAMEHA
cucmema, .NET, gRPC, Redis.
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