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INTRODUCTION

HDF5 FILE FORMAT

POPULAR COMMUNICATION PROTOCOLS IN MARINE ENGINE APPLICATIONS

HDF5 and MARINE ENGINEs

FILE BENCHMARKING

HDF5 VISUALIZATION TOOL (IFM developments)

CONCLUSIONS AND FUTURE WORK
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INTRODUCTION [Ship Technology Transition]

The smart ships of the future will require a strong effort for re-designing the current architectures to allow the implementation of
new functionalities mostly based on data analysis and less on human mind.

Data Driven
Approach

Human Centered
Approach

=  Decisions mainly based on data analysis by means of
algorithms

*  Minimized crew

=  Less competencies requested among crew

=  High correlation between data shared by sub-systems

=  Higher asset optimization (energy resources, emissions,
etc.) and safety improvements

= Decisions constrained to human mind

= large crew

=  Lots of expertise among crew

= Low level of correlation between sub-systems
information

=  Poor optimization for energy resources,
emissions, etc.

ﬂ
™ — [/ MARITIME DATA INTELLIGENCE 2 ]
E/ Ship | ENERGY MANAGEMENT SYSTEMS || FLEET MANAGEMENT |
[a] / I

T % . Intelligent Layer | AUTONOMOUS NAVIGATION || USER ORIENTED SERVICES | [Cemson |
e Digital A s |
L ﬁ Stability
o I Transition 5 . [ MARITIME DATA PLATFORM (LOCAL OR REMOTE) E SCENARIOS
ata-as-a-Service
») [ ]
- Data |NTEG RATED NETWORK ?
Transfer Cabms \

y

L
Structu
Structures
HVAC HVAC l__ _ —_—
S Marine Systems
Electrical Systems H L Physical Layer EIectncaISystems
—_——
S e
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INTRODUCTIO [Energy Sources Sub-systems]

A complex hybrid energy system:
FC BS FC On-board Users

Multiple energy sources > One common main DC bus and
one energy source port for users

— * Multiple MCU

=  Multiple communication protocols

Suitable for different operative conditions and loads requests

Communication
Protocols

ICE ICE

Propeller Propeller

*ICE = Internal Combustion engine
FC = Fuel Cell
BS = Battery stack
MCU = Main Control Unit

T,
MM.%. .
a FINCANTIERI Company
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INTRODUCTION [Energy Sources Sub-systems]

A complex hybrid energy system:
FC FC On-board Users

Communication
Protocols
.

Multiple energy sources > One common main DC bus and
one energy source port for users

— * Multiple MCU

Multiple communication protocols

Suitable for different operative conditions and loads requests

ICE ICE

Propeller Propeller

Lots of DATA:
*ICE = Internal Combustion engine , ' Great tO be USEd They JUSt need

FC = Fuel Cell

BS - Battery stack e to be combined and analyzed!

MCU = Main Control Unit

Kol
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INTRODUCTION [Energy Sources Sub-systems]

A complex hybrid energy system: A typical ACS system for ICE designed by Isotta

FC FC On-board Users Fraschini Motori:

c
o
E=R
o O
c 8 ; :
D o e T
€ Q , 7T N—
€ a _ e A\
O 82 S5E caE cAe A% >
SENSOR 2) &) &) o @
Y% ' SENSOR
| i @
SENSOR
SENSOR (
SENSOR i-SENSOR
AUTOMATION & _ REMOTE VESSEL
. ENGINE CONTROL PANEL < PLC CONTROL ROOM
COTROL UNIT
Propeller Propeller L t ’ f Y UNlT Duﬂ
et STOCuUS on ... - Y VY |
CAN 31939 “MoDBUS
L RS485 :00:
4
H MODBUS TCP/IPT
AUX NODEs 1— - — »AUX NODEs
*|CE = Internal Combustion engine
FC = Fuel Cell TH
BS = Batterystack e MODBUS OFEG
MCU = Main Control Unit e CANBUS ||
ACS = Automation, Control and Supervision LOCAL CONTROL
T, 16V170G Engine PANEL

Seolta GFraschini Motors
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INTRODUCTION [Energy Sources Sub-systems]

A complex hybrid en ergy system: A typical ACS system for ICE designed by Isotta

FC FC On-board Users Fraschini Motori:

Communication
Protocols

O == !.;' (B FRECEE = i
SENSOR * =i L= @

SENSOR

L '4 - @
QENSOR

SENSOR (

SENSOR 'E

| SENSOR
AUTOMATION & _| REMOTE VESSEL
. CO’E]I;I(();II_‘NI?NIT CONTROL PANEL PLC CONTROL ROOM
Propeller Propeller Y UNlT -Q "
= EER ki A D l:l
@ i VOO e
N . . ’
The idea is to aggregate all data i wobsustceme]
acquired from communication HIRNOPES [TTmameeE
The approach could be protocols within one STANDARDIZED =l
exported to file f AN BUS
more complex systems Ile Tormat [in}
LOCAL CONTROL

T 16V170G Engine PANEL
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HDF5 FILE FORI

User Applications

HDF librazy Parallel 10
with MPI

Parallel I/O layer

Parallel Filesystems

Paralkel Parallel Parallel Parallel
Application Application Application Application
Parallel HDF + MPL
MPI-IO
02K Unix /O | SP GPFS ‘ ‘ TFLOPSPFS
HDF5
Virtual file layer 1O drivers

( Stdio ) File Family Split Files MPI O @ @ ‘ Network ’
LSS

Virtual File
Layer (VFL)

Ly SZ
Storage A4 v
/] /] ‘) v
- i =
i User-defined Network
File Split metadata F'ﬁ::y’;f;ﬂ:'e' device Memory

Sequence of files  and raw data files

direction

Extended in any - =

MOTORI

Improves efficiency
and data transmission
speed

AtERA LR

Extendable

arrays

. - B

Data

Compression

Tree-like
Structure

Hierarchical
Data Format

(HDF ver.5)

Allow to build a
conceptual
model for

organizing data

Data
Chunking

[...in a nutshell]

Data access
based on
Path-to-
resource

Can store
multiple data
format
(int, float,
string, arrays,

. . Improves
- = sub-setting
. .. access time
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HDF5 FILE FOR [...in a nutshell]

DATASET

_.’ — |= HDF5 has tree main objects:
= GROUPS
METADATA . . H
[ wemmonm « Overarching structures aimed to collect related objects
L HDF5__2 - « Always present a Root Group
_ N =  DATASETS
* Include a multidimensional array of elements
IETADATA * Usually stored within groups
METADATA —.IM ._.IM DATASET ) ATTRIBUT.E S . :
e METADAA METADATA N\ * Additional user-defined metadata associated to Group or
é Dataset

METADATA * Paradigm Key-Value

Seolta GFraschini Motors
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HDF5 FILE FOR [...in a nutshell]

DATASET
_.’ — |= HDF5 has tree main objects:
= GROUPS
METADATA . . H
(] vemmomm * Overarching structures aimed to collect related objects
L HDF5__2 - « Always present a Root Group
_ N =  DATASETS
* Include a multidimensional array of elements
IETADATA * Usually stored within groups
METADATA —.IM ._.IM DATASET ) ATTRIBUT-E S . :
e METADAA METADATA N\ * Additional user-defined metadata associated to Group or
é Dataset

METADATA * Paradigm Key-Value

...Why HDF5 for our purposes?

Seolta GFraschini Motors
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HDF5 FILE FORMA [...in a nutshell]

ON BOARD SYSTEMS VESSEL SYSTEM
HDF5 is a great candidate for our purposes: — MARINE SYSTEMS | POWER GENERATORS —
= Hierarchical data organization o || |
» Attributes storage PROPULSIGNS LERALE INUSIN Oy |5 VESSEL SMART
» Compression — ELECTRICAL SYSTEMS AUX SYSTEMS — | APPLICATIONS
=  Multi-dimensional capabilities
= |ntuitive path-to-resource approach
= Parallel 10 -
MPI 1/0- Bl HDF5 FILE
High level application developers will love it! INTERCONNE(_IIT_ |_ = |_ I_ - E E E E E E
NETWORK &8 -’ = g — [ ey
DISK ARCHITECTURE AND LAYOUT OF m): m) i im)CE): D
DATA ON DISK COMPUTE NODES

Seolta GFraschini Motors
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HDF5 FILE FORM/ [...in a nutshell]

ON BOARD SYSTEMS VESSEL SYSTEM
HDF5 is a great candidate for our purposes: — MARINE SYSTEMS | POWER GENERATORS —
= Hierarchical data organization o || |
» Attributes storage PROFPULSIONS ﬂAC SYSTEM3 = VESSEL SMART
» Compression — ELECTRICAL SYSTEMS I AUX SYSTEMS — | APPLICATIONS
=  Multi-dimensional capabilities
= |ntuitive path-to-resource approach

Parallel 10 e
MPI 1/0- Bl HDF5 FILE

High level application developers will love it! INTERCONNECT |_ |_ I_
[ ]
NETWORK: . llllllllllllllllllllllllllllllllllll

—
U U ~ _—
-— —] <:> gy gy s pun
DISK ARCHITECTURE AND LAYOUT OF ) m): ;i) ) D

DATA ON DISK COMPUTE NODES

..How do we plan to use HDF5?

CM% ﬁ.%:.
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POPULAR COMMU
IN MARINE ENGINE

Controller Area Network (CAN) is/was/has:
an International
Organization (ISO) serial communication

protocol

Standardization

Developed by BOSCH in 1991 as a multi-
master broadcast system
Max speed rate is 1 Mbps

High Reliability

1SO/0SI LAYERS

CAN BUS STACK LAYERS

ﬂl APPLICATION

Based on CAN version*

PRESENTATION

SESSION

TRANSPORT

* %k

6
5
4
3

NETWORK

* %k

2

DATA LINK

ISO 11898

1

PHYSICAL

SNNAENS

ISO 11898

ISO-0OSI CAN bus layers stack

Seolta GFraschini Motors

[CAN bus...in a nutshell]
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POPULAR COMMU
IN MARINE ENGINE

Controller Area Network (CAN) is/was/has:

an International Standardization
Organization (ISO) serial communication
protocol

Developed by BOSCH in 1991 as a multi-
master broadcast system

Max speed rate is 1 Mbps

High Reliability

1SO/0SI LAYERS CAN BUS STACK LAYERS

ﬂl APPLICATION

| Based on CAN version*

PRESENTATION

SESSION

* %k

TRANSPORT

6
5
4
3

* %k

NETWORK

2

DATA LINK ISO 11898

1

PHYSICAL ISO 11898

SNNAENS

ISO-0OSI CAN bus layers stack

MOTORI

AN Physical layer

[CAN bus...in a nutshell]

2 wire bus

Twisted pair cable
Differential signal
Strong immunity to EM
interferences

High resistance to
transmission errors

a FINCANTIERI Company



POPULAR COMMUN
IN MARINE ENGINE

Controller Area Network (CAN) is/was/has:

" an International Standardization
Organization (ISO) serial communication
protocol

= Developed by BOSCH in 1991 as a multi-
master broadcast system

= Max speed rate is 1 Mbps

= High Reliability

ISO/OSI LAYERS CAN BUS STACK LAYERS
7{  appuicaTiON ﬂ| Based on CAN version*
6 PRESENTATION 7
5 SESSION 7
4 TRANSPORT v o
3 NETWORK Vv *
2 DATA LINK v ISO 11898
1 PHYSICAL v 1SO 11898

ISO-0OSI CAN bus layers stack

MOTORI

[CAN bus...in a nutshell]

Arbitration Field

CANZ2.0A

3 Message ID
]

v
w

El.u
9z

| Data Length

Data (0-8 bytes) | CRC | ACK ‘ EOF ‘ IFS ‘

L Start of frame

Arbitration Field A

=

Reserved (recessive)
ID extension (recessive)

Remote transmission request

Arbitration Field B

|\ Interframe space

End of frame
Acknowledge

Cyclic redundancy check

caN208 (o Baseld

[

SRR
D

Extended ID |E g

)
w
o

Data Length

Data (0-8 bytes) | CRC | ACK | EOF | IFS |

|\ ID extension (dominant)
Substitute remote request (recessive)

CAN Data Frame

CAN Station 1
(NODE 1)

CAN Station 32
(NODO 32)

Local Intelligence

Local Intelligence

!

!

CAN bus driver
(TRANSCEIVER)

CAN bus driver
(TRANSCEIVER)

a 1Mbit/s - max. 40;

Bus CAN

CAN Physical layer

* Two Data Frame variant are
available from standard:

* 2.0A (11-bit identifier)
* 2.0B (29-bit identifier)

* The CAN FD (Flexible Data Rate)
variant allows to increase data
length and switching between
rate

e 2 wire bus

* Twisted pair cable

* Differential signal

* Strong immunity to EM
interference

* High resistance to
transmission errors

a FINCANTIERI Company



POPULAR COMMUNI
IN MARINE ENGINE

Controller Area Network (CAN) is/was/has:

International
Organization (ISO) serial communication
protocol

= Developed by BOSCH in 1991 as a multi-
master broadcast system

= Max speed rate is 1 Mbps

= High Reliability

" an

Standardization

ISO/OSI LAYERS CAN BUS STACK LAYERS
7|  AppLicaTION || Based on CAN version*
6| PRESENTATION || %

5 SESSION X |

4 TRANSPORT v -

3 NETWORK Vv *x

2 DATA LINK N IS0 11898
1 PHYSICAL v S0 11898

ISO-0OSI CAN bus layers stack

MOTORI

** optional for some CAN bus version

Soolta Sraschuné Motors

[CAN bus...in a nutshell]

Arbitration Field

CANZ2.0A

Message ID

v

Eg

&1| Data Length | Data (0-8 bytes) | CRC | ACK ‘ EOF ‘ IFS ‘

m
o
]
L Start of frame

Arbitration Field A

Reserved (recessive)

=

ID extension (recessive)

Remote transmission request

Arbitration Field B

Interframe space
End of frame
Acknowledge

L—————————————— Cyclic redundancy check

caN208 (o Baseld

& w 0
Zlo Extended ID |E 4

)
w
o

Data Length

Data (0-8 bytes) |

CRC | ACK | EOF | IFS |

|\ ID extension (dominant)
Substitute remote request (recessive)

CAN Data Frame

CAN Station 1
(NODE 1)

CAN Station 32
(NODO 32)

Local Intelligence

Local Intelligence

!

!

CAN bus driver
(TRANSCEIVER)

CAN bus driver
(TRANSCEIVER)

Bus CAN

a 1Mbit/s - max. 40;

CAN Physical layer

Different application layers are available on the market, such as CANOpen
and CAN-J1939. The latter was released by Society of Automotive Engineers
(SAE):
* It exploit CAN protocol lower layer
* Max data rate is fixed @ 250 Kbps
* Based on CAN 2.0B where are included: Message Priority, Sender, Type of
. data and standardization of specific data frame with their content.

A

INTERNATIONAL«

J1939

CANopen

* Two Data Frame variant are
available from standard:

* 2.0A (11-bit identifier)
* 2.0B (29-bit identifier)

* The CAN FD (Flexible Data Rate)
variant allows to increase data
length and switching between
rate

e 2 wire bus

* Twisted pair cable

* Differential signal

* Strong immunity to EM
interference

* High resistance to
transmission errors

a FINCANTIERI Company



POPULAR COMMU
IN MARINE ENGIN

...We will come back on CAN bus protocaol,
to see how it could work with HDF5!

CM% 6.%5.
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POPULAR COMMU
IN MARINE ENGINE [MODBUS...in a nutshell]

MODBUS is:
= A serial communication protocol
= Developed by Modicon in 1979 for Programmable
Logic Controllers (PLC)
= A Master-Slave APPLICATION protocol
= Largely used in Industrial control systems

ISO/OSI LAYERS MODBUS STACK LAYERS
7| AppLicaTiON Vv | MODBUS APPLICATION LAYER
6| PResEnTATION X Y
5 SESSION X X
4 TRANSPORT ] MODBUS TCP X
3 NETWORK v P Y
2 DATA LINK v ETHERNET || SERIALLINE M/S
Z" PHYSICAL 7 ETHERNET ISO 8802-3 | [«/||  EIA 485/232 B LI
MODBUg TCP/IP MODBUSLSCII/RTU :J—
ISO-0SI MODBUS layers stack e

ie
pTE™

Tl Serial R$232 physical layer Ethernet physical layer

Seolta Fpaschiné Motore

MOTORI
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POPULAR COMMU
IN MARINE ENGINE [MODBUS...in a nutshell]

MODBUS is:
= A serial communication protocol orte o i
. . Y E;—n-bytes—
= Developed by Modicon in 1979 for Programmable 2 bytes 2 bytes 2bytes 1 byte 1byte  n bytes
Logic Controllers (PLC) =
FCode Data
= A Master-Slave APPLICATION protocol » %‘jer_-t Modbus TGP/ PDU =

- Modbus TCP/IP ADU

= Largely used in industrial control systems

* The Function Code determines the type of action to be performed

by the receiving device:
* Read or Write from/on Slave

1SO/0SI LAYERS MODBUS STACK LAYERS * Coils (binary variable), physical Inputs or Internal Registers
7] aeeucaton ||| MODBUS APPLICATION LAYER (16 bits or multiple) from Slave
6 PRESENTATION X X
5 SESSION X ) 4
4 TRANSPORT v MODBUS TCP X
3 NETWORK v IP X
2 DATA LINK v ETHERNET || SERIALLINE M/S
Z" PHYSICAL || ETHERNET 15088023 | [\ /|| EIA485/232 il
MODBUS TCP/IP MODBUS ASCII/RTU o tw. XK.  we
ISO-0SI MODBUS layers stack e ;:L
o Ll 4
DT\E"/

Serial RS232 physical layer Ethernet physical layer

IF a FINCANTIERI Company
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POPULAR COMMU
IN MARINE ENGIN

~ N
~ -

... Interesting, and where HDF5 is? ‘&

CM% 6.%5.
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HDF5 and MARI [HDF5 GENERATION]

Data Gathering System

L= =

2ol no— START INIT.

e o PHASE

VARIABLES HDF5 ON BOARD SYSTEMS VESSEL SYSTEM
CONFIGURATION J COTHORATION ' JCONFIGURATION “MARINE SYSTEMS | POWER GENERATORS |
FILE 'n' 'n' FILE PROPULSIONS | HVAC SYSTEMS | ... ’—‘VESSE TNTART
ELECTRICAL SYSTEMS | | AUX SYSTEMS APPLICATIONS

| . R
| HDF5 FILE GENERATION |» < > e el L
l INTERCONNECT = pr -E R =

HDFS5 FILE NETWORK 25 ! =

DISK ARCHITECTURE AND LAYOUT OF

DATA ACQUISITION | DATA ON DISK COMPUTE NODES
DATA WRITING

Based on h5py Python library which provides a high- and low-level interface to
the HDF5 library:

* A complete wrapping of the HDF5 API (low-level)

* Access to HDFS5 files, datasets and groups based on NumPy usage (high-level).

AUTOMATION & TE VESSEL
ENGINE CONTROL PANEL
COTROL UNIT 0| PLC
A |[E
AR T3 “viobBUs
| RS485 B

E) MODBUS TCP/IP|
AUX NODEs i— - — »AUX NODEs

dimension
Reached?

----- MODBUS
------------- CAN BUS

LOCAL CONTROL

MOTORI
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HDF5 and MARI [TYPICAL VARIABLE CONFIGURATION FILES]

CAN bus frames are described through a so called MODBUS variables are usually mapped through a
.dbc file: .csv file:

CAN Messages 4+ |= rayour d B e &
Name 1D Decimal 1D HEX PGN Decimal PGN HEX Frame Format ~ DLC TXNode Comment ° Bit Positions TonTinter T T
7]16(5/4(3[2]1]0
rea eesse  wowm = —owes  oowmw e TR ot e o T o —
8 EC1 419357441 18fee301 - Extended 39 IFM_Engi.. 1 b . — —Tow o T o e
9 ATIG2 419279873 18fdb401 - Extended 8 IFM_Engi. Yoo | Pe | wopeus | i o | S wn wax | ETT] e | Criances
jAnRnnEy » et
10 AT10G2 419279617 18fdb301 - Bxtended 8 IFM_Engi. o3 DGOl In_Sump Temp CH F [Channel faull or sensor faull/ Avaria canale o sensore 1104.02 %M 1580 | %MW/ 1012] 12 | OUT.
. . 8 [DGxOil_Turbine_A_Press CH_F [Channel fault or sensor fault/ Avaria canale o sensore PT04.04 [BOOL | %M1603 | %MW1012| 13 |OUT
11 |A12062 410276849 18fdbo00t Extended 8]1FM Engi- . GOl Turbine_B_Press GH_F. Channel fault or sensor fault/ Avaria canale o sensore PT04.05 %M 1602 | %MW1012] 14 [our
12 AT2G2 419279105 18fdb101 - Extended 8 IFM_Engi. Z [DGOil_ Alarms_Summary (Ol vircul alarms summary / Cumulalivo allami circuilo olio motore | %M210 [ %MW 1012] 15 [ouT
&7 [DGxOil_Bef_Filter Press [PT04.02: Oil pressure before filter / Pressione olio prima del filtro %MW 1514 [%MW1013[ - [ouT 100 ), bar
13 CA 254 000000fe 0 00000|)1939PGN 8|IFM_Engi... | Comman... |Ge [DGxGI_Aft_Filter_Press [FT04.03: Ol pressure After filter / Pressione olio dopo del filtro %MW 1014] - |our 100 X bar
- DGxOil_Temp [TT04.01: Lub oil bank inlel/ Pressione olio ingresso bancate: %MW1015] - oUT 2000 X “C
14 |AMB pIo30208 16tef>01 Extended 8)IEM Eng.. | Ambiert. [DGXOIl_in_Sump_Temp [TT04.02: Lub ol in sump temperature/ Temperatura olio in coppa %MW 1016] - [oUT 2000 X C
15 EDC1 419377153 18ff3001 = --- Extended 8 IFM_Engi... EDC Stat... Ge 7 [DGxOil_Turbine A_Press [PT04.04 Turbine A oil pressure / Pressione olio turbina bancata A %MW1017] - |OUT 60 ), bar
[DGxOil_Turbine_B_Press [FT04.05 Turbine B oil pressure / Pressione olio turbina bancata B %MW1018] -_[oUT, [ X bar
16 EDC2 419377409 18113101 --- Extended 8 IFM_Engi... EDC_FFR... Ge [DGxOIl_Crankcase_OIL_pressure [PT04.06: pressure/Pressione olio carter [%MW1019] - |our E 20 bar
17 EDC3 419377665 18ff3201 - Extended 8 IFM_Engi.. EDC.Cur.. v f
< >
Signals of Selected CAN Message + | |-
Name Type Byteorder Mode Bitpos  length  Factor  Offset  Minimum Maximum
1 SreAddrssOfCtrlingDvcFrEngCnrl Unsigned  Intel Signal 40 8 1 0 0 255
2 ActiEngPrentTrqueHighResolution Unsigned  Intel Signal 4 4 0,125 0 0 0,875
3 EngDemandPercentTorque Unsigned  Intel Signal 56 ) 1 -125 -125 125
4 EngStarterMode Unsigned  Intel Signal 48 4 1 0 0 15
5 EngSpeed Unsigned  Intel Signal 4 16 0125 0 0 803188
6 ActualEngPercentTorque Unsigned  Intel Signal 16 8 1 -125 -125 125
7 DriversDemandEngPercentTorque Unsigned  Intel Signal 8 8 1 -125 -125 125
8 EngTorqueMode Unsigned  Intel Signal 0 4 1 0 0 15
< >

MOTOR! a FINCANTIERI Company




[HDF5 CAN bus TREE-ARCHITECTURE]

The proposed HDF5 tree-architecture
for CAN bus J1939 is the following:

GROUP

[ 4

ROOT_FOLDER/

GROUP GROUP

[ I

CANbus_PKT_1/ CANbus_PKT_i/

~ _ -
= * Attr.0: type a' .
IC] Attr.0: type
) ValueO « Attr.1: factor 3 ValueO Attr.1: factor
G | Valuel | [+ Attr.2: min £ | valuez .
o . -4 w alue Attr.2: min
= .\'/'alueY . Attr.3:mw.( = Attr.3:max
3 = Attrd:unit g Attr.4: unit
Dim. * Attr.5: description Di Attr.5: description
= o . attro:t 5

* Attr.0: type Attr.0: type

G Valueo ) = yp
::' Vglzzl o Attr.1: far_:tor S{I Value0 Attr.1: factor
& 1 Attr.2:min 5 Valuel Attr.2: min
= . Attr..?:ma,.v E Attr.3:max
qu *  Attr.4: unit o < Attr.4: unit
Dim.: Yx1 * Attr.5: description 3 Attr.5: description
W QL
E £ £ g
I---I ValueO [N ValueO
& | value £ | valuel
Q {- Attr.0: time ref: ‘&‘ Attr.0: time re_f.
< | valuey S | Valuez
Q Q
Dim.: Yx1 Dim.: Zx1

Bl

Seolta GFraschini Motors
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HDF5 and MARI [HDF5 CAN bus TREE-ARCHITECTURE]

[A] Over CAN bus ™= _ F = (4] [p] [ [®
. . [ Name 1D Decimal 1D HEX PGN Decimal PGN HEX Frame Format _ DLC_TX Node Comment AH hh‘gn‘io‘s:n‘wnzsmﬂ
different  frames it - e s e 0 0 e e e -

. . |s_ECt 419357441 18fee301 Extended 39 IFM_Engi..._ Engine_C... !
different frequenCIES can  axe 419279673 187db401 - Extended 8 IFM_Engi... ARZEIE : ROOT _FOLDER/
I 10 ATI0G2 419279617 18fdb301 - Extended 8 IFM_Engi... After_Tre... Lz_ =
travel. 11 AT20G2 419278849 18fdb001 - Extended 8 IFM_Engi... After_Tre... 873
12 AT2G2 419279105 18fdb101 - Extended 8 IFM_Engi... After_Tre... 29 GROUP GRQUP
13 cA 254 000000fe 0 00000 11939PGN 8 IFM_Engi.. Comman.. Ge | & 9 —
14 AMB 419262049 18fef501 - Extended 8 IFM_Engi... Ambient... ]
15 EDCI 419377153 1813001 - Extended 8 IFM_Engi.. EDC_Stat... Ge 7 -
16 EDC2 419377409 18613101 - Extended 8 IFM_Engi.. EDCFFR.. Ge
17 EDC3 419377665 1813201 —- Extended 8 IFM_Engi.. EDCCur.. v
K , CANbus_PKT_1/ CANbus_PKT_i/
Signals of Selected CAN Message g - HI _ -
Name Type Byteorder Mode Bitpos  length  Factor  Offset  Minimum Maximum = . | r
1 SrcAddrssOfCirlingDveFrEngCrirl Unsigned  Intel Signal 40 8 1 0 0 255 [G] Valued * Attr.0: type g s Attr.0: type
2 ActiEngPrentTrqueHighResolution Unsigned  Intel Signal 4 4 0,125 0 0 0875 U‘I aiue . Attr.l:far:tor vy Vﬂ'fueo - Attr 1 'factor
3 EngDemandPercentTorque Unsigned  Intel Signal 56 8 1 -125 -125 125 m Valuel o Attr.2: min p_' Vafuel . Attr2: .
4 EngStarterMode Unsigned  Intel Signal 48 4 1 o 0 15 :t': - 5‘5 § r.e:min
. :
5 EngSpeed Unsigned  Intel Signal 24 16 0,125 0 0 803188 - Attr.3:max E *  Attr.3:max
6 ActualEngPercentTarque Unsigned  Intel Signal i 8 1 125 125 125 g ValueY * Attr.4: unit << ValueZ o Attr.4: unit
7 DriversDemandEngPercentTorque Unsigned  Intel Signal 8 8 1 -125 -125 125 - . - . H H n e . .
e e o Sona T I R Dim.: Yx [+ Attr.5: description i, * Attr.5: description
i~ -
(. g -
% ) *  Attr.0: type zl . Attr.0: type
< . > 9 Value0 = Attr.1: factor 2 ValueO - Attr.1: factor
- o
CAN bus data frame composition (J1939) | Vel | |+ Attr.2:min b | Vel | |. attr.2: min
= Attr.3:max :E 1+ Attr.3:max
E Attr.4: unit ’;: . Attr.d: unit
Dim.: ¥x1 Attr.5: description Dim.: + Attr.5: description
L L7
S S
I-':I = Value0
1
o | Valuel 5 | Valuel
a2 | .. Attr.0: time ref. 2 | . «  Attr.0; time ref.
b~ ~
g ValueY -:Q: ValueZ
Dim.: Yx1 Dim.: Zx1
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HDF5 and MARI [HDF5 CAN bus TREE-ARCHITECTURE]

lg _EC1 419357441 18fee301 =

[A] Over CAN bus === F (= wvon [ [B] ] [®
. . | Name 1D Decimal 1D HEX PGN Decimal PGN HEX Frame Format __ DLC_TX Node Comment '*H \7\s\§l‘\i‘,\s:‘l\w‘zs\1|u\
different  frames Wit - e s om0 0000 e e e H e -

. . Extended 39 IFM _Engi... Engine C... ‘
different frequenCIES can | e 419279673 187db401 - Extended 8 IFM_Engi... ARZEIE : ROOT _FOLDER/
I 10 AT10G2 419279617 18fdb301 - Extended 8 IFM_Engi... After_Tre... Lz_ —
travel. 11 AT2062 419278849 18fdb001 - | Extended 8 IFM_Engi... After_Tre.. 873
12 AT2G2 419279105 18fdb101 —— Extended 8 IFM_Engi... After_Tre... § b GROUP GRAOUP
13 CA 254 000000fe: 0 00000 J1939PGN 8 IFM_Engi.. Comman... Ge ||® 9 —
14 AMB 419362049 18fef501 - Extended 8 IFM_Engi.. Ambient... ]
15 EDC1 419377153 1813001 - | Extended 8 IFM_Engi.. EDC_Stat.. Ge 7 -
16 EDC2 419377409 1813101 - Extended 8 IFM_Engi.. EDCFFR.. Ge
17 E0C3 419377665 18113201 - | Extended 8 IFM_Engi.. EDC.CUT.. v CANbus PKT 1 .
< > P - / CANbUS_PKT_.r/
Signals of Selected CAN Message g - -
- — - \ - ~ _
Name Type Byteorder Mode Bitpos  length  Factor  Offset  Minimum Maximum = |
. .
1 SrcAddrssOfCirlingDveFrEngCrirl Unsigned  Intel Signal 40 8 1 0 0 255 [G] Valued Attr.0: type LE'J s Attr.0: type
2 ActlEngPrentTrqueHighResolution Unsigned  Intel Signal 4 4 0,125 0 0 0875 u’l aiue . Attr.l:far:tor '-ﬂl ValueO . Attr.1 'factor
7 : - o W

3 EngDemandPercentTorque Unsigned  Intel Signal 56 8 1 125 125 125 W Valuel o Attr.2: min t; Vafuel o AtR2: min
4 EngStarterMode Unsigned  Intel Signal 48 4 1 0 0 15 (2] - b B vy
s /e = « Attr.3:max < A .

gSpeed Unsigned  Intel Signal 2 16 0,125 0 0 803188 = / = . ttr.3:max
6 ActualEngPercentTarque Unsigned  Intel Signal i 8 1 125 125 125 g ValueY * Attr.4: unit g ValueZ o Attr.4: unit
7 DriversDemandEngPercentTorque Unsigned  Intel Signal 8 8 1 -125 -125 125 - . - Attr5' deSCrI' ﬁon . .
§ EngTorqueMode Unsigned  Intel Signal 0 4 1 0 0 15 Dim.: Yx p Dim. *  Attr.5: dE'SC”P“Oﬂ

< -
I g r
= [k *  Attr.0: type | . :
= Attr.0: type
< > 2 Value0 « Attr.1: factor 1] Value0 . Attr.1: fact
CAN bus d ition (/1939 | Vet | J- a2 mi g 2imin
us data frame composition (. ) m Attr.2: min b | valien | |. attr.2: min
= Attr.3:max E Attr.3:max
g Attr.4: unit o < * Attr.4: unit
Dim.: Yx1 Attr.5: description Bim.- * Attr.5: description
W QL
£ £
= = Value0
& | value £ | valuel .
- 2 | . Attr.0: time ref. 2 . '[ Attr.0: time ref.
< | Valuey S | valuez
Q Q
Dim.: ¥x1 Dim.: Zx1
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HDF5 and MARI [HDF5 CAN bus TREE-ARCHITECTURE]

CAN Messages =4 = Layout CREN AR GROUP
[A] Over CAN bus

Name ID Decimal ID HEX PGN Decimal PGN HEX Frame Format _ DLC TX Node Comment ~|| s 2“:‘75:‘0": il
diff f 1 LI o —T T T TR R
1 erent rames Wlt 3 EC1 419357441 18fee301 - Extended 39 IFM_Engi... Engine C... o
[0 i |
B

’ dlfferent frequenCIes can ‘10 AT10G2 419279617 18fdb301 Extended BIFM:En;l.. Aﬂer:Tre.. e e ROOT FOLDER/
I 11 AT20G2 419278849 181db001 — Extended 8 IFM_Engi... After_Tre... 27 =
trave . 12 AT2IG2 419279105 18fdb101 - --- Extended 8 IFM_Engi... After_Tre... g 4 N
13 CA 254 000000fe 0 00000 J1939PGN 8 IFM_Engi... Comman... Ge || @ 3] GROUP GRQUP
14 AMB 419362049 168fefs01 — Extended 8 IFM_Engi... Ambient..
15 EDC1 419377153 18ff3001 - --- Extended 8 IFM_Engi... EDC Stat.. Ge 7 - —
16 EDC2 419377409 16113101 — Extended 8 IFM_Engi... EDC_FFR.. Ge
17 EDC3 419377665 18ff3201 - --- Extended 8 IFM_Engi... EDC Curr... v “
Signals of Selected CAN Message + = CANbuS_PKT_I/ CANbUS PKT i/
Name Type Byteorder Mode Bitpos  length  Factor  Offset  Minimum Maximum s =
1 SrcAddrssOfCtrlingDvcFrEngCntrl Unsigned  Intel Signal 40 8 1 0 0 25_5. HI - ~
A 2 ActiEngPrentTrqueHighResolution Unsigned  Intel Signal 4 4 0125 0 0 0815 . | B
[B] EaCh CAN frame IS 3 EngDe?ﬂandP:Cen(Ttgquue Unslzned Intel Slznal 56 8 1 -125 -125 125 % Valueo * Attr.0: typE LE'J * Attr.0: type
. . . 4 EngStarterMode Unsigned _ ntel Sigral 3 4 1 0 o » aiue « Attr.1: factor Value0 . .
fllled Wlth Its own Data 5 EngSpeed Unsigned  Intel Signal 24 16 0125 0 0 803188 ” I-I Valuel o Aft Zf . :I I Attr.1: factor
" d . 11939- 6 ActualEngPercentTorque Unsigned  Intel Signal 16 8 1 125 -125 125 3") . r.£:min w Valuel * Attr.2: min
(Ca e n . 7 DriversDemandEngPercentTorque Unsigned  Intel signal 8 8 1 -125 -125 125 < *  Attr.3:max Q 7 . Attr.3:
SIGNALS) 8 EngTorqueMode Unsigned  Intel Signal 0 4 1 0 0 15 ’& ValueY . Attr.d: it b~ I r.a.max
g r.4:unit g ValueZ +  Attr.4: unit
Dim.: Yx *  Attr.5: description Dim. * Attr.5: description
‘ o, o : < ~ .-
CAN bus data frame composition (J1939 'B « Attr.: S I
p z N Attr.0: type > . Attr.0: type
A va,uel  Attr.1: factor 2 Value0 - Attr.1: factor
E alue *  Attr.2: min EI Valuel o Attr.2: min
= Attr.3:max E s Attr.3:max
cq:- Attr.4.- unit o g *  Attr.4: unit
Dim.: Yx1 Attr.5: description Dim.- «  Attr.5: description
W QL
£ E
= I-':I ValueO
o | Value1 5 | Valuel .
—p> Q Attr.0: time ref. ‘Q ‘[' Attr.0: time ref.
< | valuey S | Valuez
a
) 3
Dim.: Yx1 Dim.: Zx1
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[HDF5 CAN bus TREE-ARCHITECTURE]

GROUP
CAN Messages =4 = Layout CREN AR
[A] Over CAN bus ~“ e —— e |
H H o S
different frames with % w ‘
’ dlfferent frequenCIes can ‘;u AT10G2 419279617 18fdb301 - Extended 8 IFM_Engi.. After Tre... ‘ L:-------- ROOT FOLDER/
t I 11 AT20G2 419278849 18fdb001 --- Extended 8 IFM_Engi... After_Tre... é ’ =
rave . 12 AT2IG2 419279105 18fdb101 - --- Extended 8 IFM_Engi... After_Tre... g 4 I
13 CA 254 000000fe 0 00000 J1939PGN 8 IFM_Engi... Comman... Ge L GRO UP (JR:‘UP
14 AMB 419362049 18fefa01 --- Extended 8 IFM_Engi... Ambient... 6|
15 EDC1 419377153 18ff3001 - --- Extended 8 IFM_Engi... EDC Stat.. Ge 7] - —
16 EDC2 419377409 18f3101 --- Extended 8 IFM_Engi... EDCFFR.. Ge
17 EDC3 419377665 18ff3201 - --- Extended 8 IFM_Engi... EDC_Curr... v “
e — + = CANbus_PKT_1/ CANbus_PKT_i/
Name Type Byteorder Mode Bitpos  length  Factor Offset  Minimum  Maximum
1 SrcAddrssOfCtrlingDvcFrEngCntri Unsigned  Intel Signal | 40 B 1 0 255 | !'-II _ -
. ActlEngPrentTrqueHighResolution Unsigned  Intel Signal 4 4 0,125 0 0875 r
[B] EaCh CAN frame IS z E:;De?nand[P:(emTtg:rque ' Unslzned In:el Slznal 56 8 1 125 EF 125 § Valueo = Attr.0: typE gl o Attr.O: type
filled with its own Data | ‘2" T r— T T > ] Vaoer | | Attmdidactor & FiValueo | . ate1:factor
" d . 11939- 6 ActualEngPercentTorque Unsigned  Intel Signal 16 8 1 125 -12! 125 bl.l) . * Attr.2: min tﬁ Valuel * Attr.2: min
(Ca e in . 7 DriversDemandEngPercentTorque Unsigned  Intel Signal 8 8 1 125 12 125 E * Attr.3:max ‘Q 7. Attr.3:max
SIGNALS) 8 EngTorqueMode Unsigned  Intel Signal 0 4 1 0 15 g ValueY *  Attr.4: unit o E ValueZ o Attr.4: unit
Dim. * Attr.5: description Dim. « Attr.5: description
< > : _ -
o o | E -
CAN bus data frame composition (J1939) 2 By . Attr.0: type 5 . Attr.0: type
ValueO . .
::' Volued Attr.1: far_:tor 2 ValueO - Attr.1: factor
[ alue L4 Attr.2: min El Valuel . Attr.2:min
< « Attr.3:max =) 1. Attr3:
. . - r.3:max
[C] Each signal has its g | VelueY | |- Attra: unit E . Attr.d: unit
own properties that can Dim. Attr.5: description Q. © «  Attr.5: description
be stored as ATTRIBUTES ° . )
. . ER £
within HDFS5 file. = B vaneo = & valueo
o | Valuel 5 | Valuel .
- 2 | . Attr.0: time ref. 2 . '[ Attr.0: time ref.
S | valuey S | valez
Q Q
Dim.: Yx1 Dim.: Zx1
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HDF5 and MARI [HDF5 CAN bus TREE-ARCHITECTURE]

How the HDF5 CAN bus file appears within HDFView (open-source software)

[°F HDFView 3.1.4

File Window Tools Help
= €M@

| Recent Files ’
v 2023-02-15-13-56-49.hdf5  Dbject Attribute Info  General Object Info
ROOT GROUP = ~ @ Root_Can
» © AMB Attribute Creation Order: | Creation Order NOT Tracked
» @ATIIG2

» @AT10G2
» @ AT21G2 Name Type Array Size Value[50](...)
» D AT20G2 MAX  String, length = variable,... Scalar 8031.875

» QCA MIN  String, length = variable,... Scalar 0.0

s @EC1 MOLT String, length = variable,... Scalar 0.125
ATTRIBUTES <« SO EDCT OFFS String, length = variable,... Scalar 0.0

» @EDC10 UNIT  String, length = variable,... Scalar rpm
» @EDC2

» @EDC3

» QEDC4

» @ EDC5

» @ EDC6

» @EDC7

» ©QEDCS8

» @EDC9

GROUP = EEC1

& ActlEngPrentTrqueHighResolution
& ActualEngPercentTorque

& DriversDemandEngPercentTorque
& EngDemandPercentTorque
DATASET <« & EngSpeed

& EngStarterMode

& EngTorqueMode

& SrcAddrss Of CtrlingDvcFrEngCntrl

Number of attributes =5

MOTORI
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HDF5 and MARI [HDF5 MODBUS TREE-ARCHITECTURE]

The proposed HDF5 tree-architecture
for MODBUS is the following:

GROUP

[

ROOT_FOLDER/

GROUP GROUP

[ I

MODBUS_VARIABLES/

g

— ~

= Q' «  Attr.0: type

- IS ValueQ o Attr.1: fact

i . S r.1: factor

2 * Attr.0: time ref. = Valuel o Attr.2: min

E a *  Attr.3:max
= | ValueW | |. Attr.4: unit
)

Dim.: Wx1 |« Attr.5: description

[

g

*  Attr.0: type
Value0 « Attr.1: factor
Valuel *  Attr.2: min

«  Attr.3:max
ValueW o Attr.4: unit

Dim.: Wx1 |+ Attr.5: description

DATASET_MOD

CM% 6.%:.

a FINCANTIERI Company




[HDF5 MODBUS TREE-ARCHITECTURE]

* Attr.4: unit
Dim.: Wx1 |+ Attr.5: description

Information / Informazione Automation / Aut e
*DGS= Diesel Generator Sel _ ~LCP=Local Conlrol Panel T — e
Tag/Variabile Reference/Riferimento DG
Tt/ PLC wmoosus | it | oir |HW] HW MIN MAX MULT | RS N CHANGE]
. Tipo IN | ouT MOLT. UNITA' CAMBIO DG
DGxOil_In_Sump_Temp CH_F Channel fault or sensor fault/ Avaria canale o sensore T704.02 OOL | %M1589 |%MW1012[ 12 | OUT
DGxOil_Turbing_A_Press CH_F Channel fault or sensor fault/ Avaria canale o sensore PT04.04 00L %M1603 [%MW1012]| 13 |OUT
DGxQil_Turbine B Press CH F Channel fault or sensor fault/ Avaria canale o sensore PT04.05 OO0L | %M1802 MW1012] 14 |OUT
DGxQil_Alarms_Summary Qil circuit alarms summary / Cumulativo allarmi circuito olio motore O0L 210 MW1012] 15 JOuT
DGxOil_Bef_Filter_Press PT04.02: Oil pressure before filter / Pressione olio prima del filtro ORD | % 1514 W10 - _|ouT a 100 0.1 bar
DGxOil_Aft_Filter_Press PT04.03: Oil pressure After filter / Pressione olio dopo del filtro ORD | %MW1513 | %MW1014] - |ouT 1) 100 0.1 bar GROUP
DGxOil_Temp TT04.01: Lub oil bank inlet/ Pressione olio ingresso bancate ORD | %MW 1533 | %MW 10 OuUT [1] 2000 0.1 ‘C
DGxQil_In_Sump_Tem TT04.02: Lub oil in sump temperature/ Temperatura olio in coj ORD | %MW 1534 MW 10 ouT 0 2000 0,1 °C
DGxQil_Turbine_A_Press PT04.04 Turbine A oil pressure / Pressione olio turbina bancata A ORD W1517 MW 10° OuT. 0 60 0.1 bar
DGxOil_Turbine_B_Press PT04.05 Turbine B oil pressure / Pressione olio turbina bancata B ORD | %MW 1571 | %MW 10 ouT a 60 0.1 bar
DGxOil_Crankcase_OIL_pressure PT04.06:Crankcase oil pressure/Pressione olio carter ORD MW 1596 MW 10° OUT -5 20 0,01 bar
|
MODBUS variables list el
GROUP GROUP
Timestam
o/ MODBUS_VARIABLES/
[A] All MODBUS memory is read at S
3 -
. . . = .
the same time so just one time = o ’ . Attr.0: type
: w Q T ValueO « Attr.1: factor
reference sample is needed to be 9 . Attr.0: time ref S I fac
> = e : N Valuel »  Attr.2: min
stored. E ] *  Attr.3:max
< | ValueW
;
Q

_g

* Attr.0: type
Value0 » Attr.1: factor
Valuel *  Attr.2: min

*  Attr.3:max
ValueW o Attr.4: unit

Dim.: Wx1 |« Attr.5: description

DATASET_MOD

a FINCANTIERI Company
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HDF5 and MARIN [HDF5 MODBUS TREE-ARCHITECTURE]

Information / Informazione Automation / Aut e
'DGS= Diesel Generalor Sel  ~"LCP=Local Conirol Panel ST S oE
Tag/Variabil Reference/Riferiment
e * e Tt/ PLC wmoosus | it | oir |HW] HW MIN MAX Loy || it CHnDNGGE:‘
Tipo. IN | ouT MOLT. UNITA CAMBIO DG B E h . bl h .
xOil_In_Sump_Tem) annel faull or sensor faulll Avaria canale o sensore .02 % %MW1012| 12 | OUT [ ] ac varla e as Its own
T T T2 0T 7 SENEOT TaOT A AT CaTeT e O SeTEOTE P TOR O OOL | % T — . .
DGOl _Turbine_ 8 _Press. GH_F Channel Taull or sensor faull Avaria canale o sensore PT04.05 OOL | 60z |samwi012| 14 four DATASET inside the same GROUP.
DGxQil_Alarms_Summary Qil circuit alarms summary / Cumulativo allarmi circuito olio motore O0L 210 MW1012] 15 JOuT
DGxOil_Bef_Filter_Press PT04.02: Oil pressure before filter / Pressione olio prima del filtro ORD | % 1514 W10 - _|ouT a 100 0.1 G 0
DGxOil_Aft_Filter_Press PT04.03: Oil pressure After filter / Pressione olio dopo del filtro ORD | %MW1513 | %MW1014] - |ouT 1) 100 0.1 bar ROUP
DGxOil_Temp TT04.01: Lub oil bank inlet/ Pressione olio ingresso bancate ORD | %MW 1533 | %MW 10 - _|OUT [1] 2000 0.1 ‘C
DGxQil_In_Sump_Tem TT04.02: Lub oil in sump temperature/ Temperatura olio in coj ORD | %MW 1534 MW 10 -_|OuT a 2000 0.1 °C
DGxQil_Turbine_A_Press PT04.04 Turbine A oil pressure / Pressione olio turbina bancata A ORD W1517 MW 10° - _|ouT 0 60 0.1 bar
DGxOil_Turbine_B_Press PT04.05 Turbine B oil pressure / Pressione olio turbina bancata B ORD | %MW 1571 | %MW 10 - _|ouT a 60 0.1 bar
DGxOil_Crankcase_OIL_pressure PT04.06:Crankcase oil pressure/Pressione olio carter ORD MW 1596 MW 10° - |out -5 20 0,01 bar
|
MODBUS variables list st
Timestamp/

MODBUS_VARIABLES/
[A] All MODBUS memory are read
at the same time so just one time
reference sample is needed to be
stored.

*  Attr.0: type
ValueO * Attr.1: factor
Valuel +  Attr.2: min

* Attr.3:max
ValueW | . Attr.4: unit

Dim.: Wx1 |+ Attr.5: description

-[ * Attr.0: time ref.

'

DATASET_Time

_g

* Attr.0: type
Value0 » Attr.1: factor
Valuel *  Attr.2: min

*  Attr.3:max
ValueW o Attr.4: unit

Dim.: Wx1 |« Attr.5: description

DATASET_MOD

MOTORI
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HDF5 and MARIN

[HDF5 MODBUS TREE-ARCHITECTURE]

Information / Informazione

Tagivariabile

*DGS= Diesel Genarator Sat

**LGP=Local Control Pana!

EXCHANGE DATA / SCAMBIO DATI

stored.

Reference/Riferimento DG
T%T:‘ B e 1 ) - %{ 3::3 cgmggfe [B] Each variable has its own
ROT InBump.Tem, [Enannel Tault or Sereor Taull Avana canale o sensore TT03.02 % %MW 1012 12 [ouT
Zin T T T T T 00L . .
e e it B e e R 1 e DATASET inside the same GROUP. - :
DGxOil_Bef_Filter Pra.r;sw PT04.02: Oil pressure bezre filter / Pressione olio prima del filtro ORD | % 1514 W10 3 - _|ouT a 100 A r [c] EaCh varlable has Its own
DGxOil_Aft_Filter_Press PT04.03: Oil pressure After filter / Pressione olio dopo del filtro ORD | %MW 1513 | %MW1014] - JOUT Q 100 0.1 bai — GROUP .
DGxOIl_Temp TT04.01: Lub oil bank inlet/ Pressione olio ingresso bancate ORD | %MW 1533 | %MW1015| - |oUT o 2000 0.1 C properﬂes that can be stored as
DGl In_Sump Tem 704,02 Lub ol in sump lemperaturel Temperatura olo in coy ORD | %MW 1534 | %MW1016] - [ouT 0 2000 0. T . .
DI Turbine 5 Fross P04 05 Tubing B of oessure T Pressions lis g bancais & OROSowisTi Tocanviota]~—oor 5 o = '. ATTRIBUTE within HDFS5 file.
DGxOil_Crankcase_OIL_pressure PT04.06:Crankcase oil pressure/Pressione olio carter _! WTOTg] - |ouT 5 LA Eﬁ
. . ROOT_FOLDER/
MODBUS variables list -
GROUP GROUP
Timestamp/ MODBUS_VARIABLES/
[A] All MODBUS memory are read S v
. . . R ~
at the same time so ]ust one time : a Valued *  Attr.0: type
: atue * Attr.1: factor
reference sample is needed to be 4 . -t 2
Y — E Attr.0: time ref. , | Valuel .« Attr.2: min
Q

MOTORI

*  Attr.3:max
ValueW «  Attr.4: unit
Dim.: Wx1 |+ Attr.5: description

DATASET.

_g

* Attr.0: type
Value0 » Attr.1: factor
Valuel *  Attr.2: min

*  Attr.3:max
ValueW o Attr.4: unit

Dim.: Wx1 |« Attr.5: description

DATASET_MOD

a FINCANTIERI Company



HDF5 and MARI [HDF5 MODBUS TREE-ARCHITECTURE]

How the HDF5 MODBUS file appears within HDFView (open-source software)

HF HDFView 3.1.4 - O X
ROOT GROU P File Window Tools Help
S0 @dME : A .
Recent Files | || Clear Text
~ -14-14-54-41 hdf5 * || Object Attribute Info General Object Info 0
‘@ Reot Modbus_TCPIP
Attribute Creation Order: | Creation Order NOT Tracked |
, I . .
umber of attributes = 6
G RO U P @ Vanabies Add Aftribute  Delete Attribute |
& DGxAlarms_Summary TName I'ype Afray Size  Value[oo[(..J
DGxAR_ABHT DESCRIPTION String, length... Scalar TT23.02: Air coole...
& DGxAIN_ABVHT MAX String, length... Scalar 1200
ATTRIBUTES <= e 2L DGXARAWHT MIN String, length... Scalar 0
& DGxAI_AWVHT MOLT String, length... Scalar 0.1
& DGXAIlt_Air_Intake_HL_Temp SECTION DESCRIPTION String, length... Scalar generator
B DGxAIL Air_Intake_Temp UNIT String, length... Scalar  °C
& DGxAl_Air_Intake_Temp_CH_F
GacAlt_Air 0O H amp
DATASET < 2 DGXAI_AIr_Out_Temp

& DGxAR_Air_Out_Temp_CH_F

5 DGxAHl_Alarms_Summary

& DGxAN_Antisludge ON_HW

@ DGxAll_Bearing_DS_HL_Temp

& DGxAlt_Bearing_DS_Temp

& DGxAll_Bearing DS _Temp_ _CH_F
DGxAlt_Bearing_DS_VHL_Temp
5 DGxAlt_Bearing_NDS_HL_Temp
i@ DGxAl_Bearing_NDS_Temp

& DGxAlt_Bearing_NDS_Temp_CH_F
i DGxAll_Bearing_NDS_VHL_Temp
@ DGxAlt_Breaker_Closed

& DGxAll_Cos_Fi

& DGxAl_Current

MOTOR! a FINCANTIERI Company




FILE BENCHMA [PRELIMINARY RESULTS]

Conditions™:

Protocol: MODBUS TCP/IP
# of variables: 457
Sample rate: 3.5 sec

# of attributes per variables: 6
# of samples stored per variable: 17043
Acquisition duration: 16 hours

60
50
40

23

20
10

0

& v HF

mmm DIMENSION  =<4= OPEN TIME

&

"
-
-
-

-

"
I'

MODBUS HDF5 MODBUS CSV
STORAGE FILE

Results:

lHDFS File dimension: 20% less & ¢
IS
4

,l,HDFS File opening time: about 2 seconds less

[5]

O P, N W s~ 01 OO N

*Data acquired on a real asset (engine on board vessel) and considering some disconnection of the remote source node (PLC unit).

MOTORI
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HDF5 VISUALIZATI

[IFM development]

IFM has developed a diagnostic SW tool for Visualization and Analysis of data stored within HDF5 files.

- O X

s MainWindow

Enter User File:

E=s

|

A single-user file s
required to start the SW
tool. The user file is crypted
and is filled with
configuration secure
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can understand

autonomously the communication
protocol of the specific HDF5.

* More than one variable per single file can be uploaded
simultaneously and compared with other variables of the same

HDF5 file or another file.
* The SW tool upload all attributes to make easier the file reading.
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HDF5 VISUALIZ [IFM development]

A real application of the SW tool based on HDF5 file usage is here reported:

Running the SW tool for uploading the retrieved HDF5
files.

Connection to the local device where HDF5 are stored by means of

Start the Visualization and Analysis of the data.
the HMI.
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= \We have proposed an approach to standardize the storage of data acquired over simple or
complex systems where single or multiple communication protocols are involved

= We believe that this approach can help to democratize the data usability among different vessel
subsystem providers

= The approach could be extended to other contexts far from marine engines as automotive and
micro-mobility.
= Main HDF5 advantages:
= Capability to organize data in user-friendly architecture (path-to-resource)
= Data storage optimization
= Parallel 10
= Capable to handle multi-dimensional arrays

= Extended on-field tests will be executed to evaluate the impact of HDF5 file format on large scale.
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