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Abstract

Modern DP control system is a complex HW/SW product interfaced with number of other systems
through different types of interfaces. In most cases such systems are made by different manufacturers.
Because of fact that whole DP system and its integral parts can be tested only on-board the vessel its
operationa stability potentialy reduced. Moreover depth of such on-board testing is not deep enough to
provide required systems functional and operational stability.

Using of a complex Ship motion and Data simulators for factory testing of DP Control System is one of
approaches to improve situation. Wide ability for simulation of dataflow, interfaces, faults, errors and
malfunctions provide this approach huge potential for advanced testing of DP control system.

Such testing includes not only hardware (interface signals type and protocols) but also functional tests of
built-in software, performance and failure handling ability.

Navis Engineering OY is adeveloper and manufacturer of Dynamic Control systems since early 2000.
This paper represents experience and approach of the company in design of Ship motion and Data
simulator for factory acceptance and internal testing of own developed DP control systems.

Introduction

Recent years DP systems become more and more demanded by the marine industry. Initially mostly used
for offshore il and gas sector now it’ s applied for many marine applications and different types of
vessels, even for passenger ferries. Day rate of modern DP vessel costs high enough and every day of
demurrage leads loss of investments and operational efficiency, that'swhy all processes needs to be
optimized starting from design and continue when vessel starts to operate.

Growing demands in combination with requirements for fast system delivery leads to lack of time and
tough schedule for design, production, testing and commissioning of DP control system.

This challenge actual for any manufacturer: - how to get reliable, robust, stable and high quality product
in limited time frame. Specific thing of DP control systemisthat itisa*“heart” of whole vessels DP
system interfaced with number of sub-systems (e.g. thruster, power system) which add complexity to this
challenge.

Another task is supporting of already delivered system. They are living and time to time require upgrades
(up to higher class), refits, updates and 24/7/365 service, indeed.

That means before delivery of the system/upgrade/update it should be prepared as good as possible for
further “plug-n-play” operations.

Mentioned issues can be at least partly resolved using extended simulation tools for DP control system
pre-testing, verification and debugging.

In the nowadays there is no any standards of the DP system testing or test —bench designated for such
purposes. One of approachesis HIL (Hardware-1n-the-L oop) widely used as DP system testing, it allows
system verification by the 3" party before\after its delivery.

But for some purposesit difficult to be applied (e.g SW\HW verification during al project lifecycle, pre-
calibration, adjustments and after delivery troubleshooting). The alternative wider and beneficial
approach for these purposes - using of custom DP simulator for DP control system during its design and
commissioning, starting from the very beginning of the project.

Problem statement

Following IMO M SC\Circ.645:
DP system means the compl ete installation necessary for dynamically positioning a vessel comprising the
following sub-systems:

- Power system;

- Thruster system;

- DP-control system;
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DP-control system means all components and systems, hardware and software necessary to dynamically
positioning of the vessel. The DP-control system consists of the following:

- Computer system\ joystick system;

- Sensor system;

- Display system (operator panels);

- Position reference system,

- Associated cabling and cable routing;
There are three IMO DP classes: Class 1/ Class 2/ Class 3.
Except of IMO\CS classification there is a number non-classified system (e.g DP-0, extended DP-1 and
DP-2).
Practically, minima supply of DP control system consists of the following HW, SW and set of
documentation:

- PCswithinstalled SW (core SW and customized vessel configuration data);

- Control panelswith firmware/ software;

- Controllers (PLC) with installed SW (core SW and vessel specifics configuration);

- Interface boxes;

- Set of installation\operation and user documentation;
During the vessels lifecycle the following changes can be implemented to initially delivered
configuration:

- SW update;

- SW upgrade;

- HW\SW upgrade;
All of those configurations have to be properly tested and debugged prior to delivery and commissioning.
Because of specifics, different kind of configurations requires different test-benches. - “new-build” DP
control system has to be tested on a full HW\SW test-bench replicating real vessels DP system
configuration (including electrical connections) and simulating hydro\aerodynamic of this vessel
(mathematical model of specific vessel) while upgrades can be tested with SW test-bench only (without
all equipment available for testing).
Every SW developer knows that quality of the final product depends to considerable degree on the test
tools.
This approach requires classification of the test benches and their purposes.

Applied methods and test-bench family

Software lifecycle within the particular project includes two testing levels- DP software version release
testing and DP configuration testing. Both levels applied for QA verification of every delivery and
include number of stages:
DP software release:

- Internal testing of core SW (SW debugging verification and tests of custom protocols);

- Internal testing of documentation;
DP configuration:

- Review and approval of the project documentation by Classification society;

- Internal testing of every HW component of the system (including internal wiring)

- Internal testing of algorithmsand customized vessel configuration data;

- Factory acceptance testing;

- Dock and seatrials;
Most of steps optimized with using different type of test-benches.
Based on the practice test-benches divided into three types (so-caled Small, Medium and Large)
depending on the complexity of the tested system and goal of testing.

Type S
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Simulator SW and SW for testing installed at common PC communicating via virtual interfaces.

Standalone Computer

Simulator Virtual
Communicaion DP Software
Software
software

Control Panel

Figure.l

Type M:
Simulator SW installed at standalone PC, SW for testing installed at dedicated PC's, communicate via
Ethernet. PLC is used for testing of embedded SW.

| Testbench : DP Control System
: |

|
|
I Simulator I/0O Unit € Physical link: !DI, DO, Al, AO, RS422 1/0 Unit (s)
: |
| |
| |
| |
| |
| |
| |
| |
| Simulator |
| computer :
| | DP Control DP Control
: | Computer A Computer B
| |
________________ 1

Control Panel Control Panel Control Panel
Figure.2

Typel:

“Full mission” test-bench. Simulator SW installed at standalone PC connected to Model I\O unit via
Ethernet. Model I\O unit is intended for simulation of external systems data flow via rea interfaces.
Model INO unit connected to real DP control system via Ethernet.
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Figure.3
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DP-2 test-bench connection
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Every type of test-bench can be used for different purposes but generally sorted as:

Task S M L
SW development + |+ +
SW version stabilization\rel ease + +
Rel ease documentation check + +
FAT of class\non-class system +
FAT of upgrades + |+
Debugging + |+ +
Troubleshooting + |+
Pros and contras of test-bench types:
Type S M L
Description | Vessel model and e Vessel model and e Vessel model and
simulation SW simulation SW simulation SW (simulator)
(simulator) run on the (simulator) run on run on standalone PC's.
same computer. standalone PC’s. e PLC with embedded SW
e PLC with embedded and analog 1/0 for
SW simulation of signals
e Ethernet virtual ports handshaking
for data communication (command/feedbacks)
between PC’s. e HW for ssimulation of
custom interfaces (e.g EPP
Modbus\Profibus
interface)

e RS 232\422 COM-ports
for sensors data
simulation.

Purpose e Testing of core SW |e Testing of core SW |e Testing of core SW
functionality; functionality; functionality;

e Testing of algorithms | ¢ Testing of PLC | e Testing of al HW\SW
and configuration HWASW component; components of the system
data; e Testing of agorithms (including internal wiring)

e Troubleshooting; and configuration data; | ¢ Factory acceptance testing

e Testing of SW | ¢« DP familiarization and
upgrades; maintenance trainings
Wiring Virtual interfaces(PC Ethernet connection; Wiring reproduce real vessels
memory) configuration;
Pro e Availablefor any Ample opportunities for Close to real system testing;
specific vessel and configuration;
configuration.
e Fast ready to use.
Contra e Impossibleto test Not all functionsand parts | ¢  Requiresal HW

PLC SW;

e HW faults emulated
with the simulator
SwW;

able to be verified.

components available.
Limited in configuration.
Difficult in connection.
Time consuming for up
and running
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Simulator software overview

Every type of applied test-benches includes simulator software. This SW customizes for every particular
project and includes vessels mathematical model associated thrusters, sensors, power station etc. Thisis
additional complexity for implementation but as a final benefit this model can be used for DP control
system built-in trainer.

Following requirements applied for every simulators SW mathematical model:

Ship maotion

. Realigtic vessels dynamic;

. 6 DOF (including roll and pitch);

. Ship displacement\draft (constant or variable);

. Proper thrusters forces in bollard-pull and free-run (for AP);
. Readlistic environmental disturbance —wind, wave, current;
Thrusters

. Proper dynamic;

Local control

. Faults simulation: control failure, noise in feedback, dead-band, low speed, feedback loss, time-
delay, etc;

Power Station

. Circuit breakers control connect/disconnect;

. L oad sharing between buses;

. Additional load on buses (external consumers);

. Faults of breakers (signals), generators,

. Specific interface, if necessary;

Sensors, PRS's

Real model of measurements;

PRS antenna position depending on roll, pitch;
Roll\pitch sensor;

Gyro\Magnetic compass with deviation model;

. Hydroacoustic system and associated beacons,

. Laser\ microwave radar with associated reflectors;

. Configurable data output — NMEA, or other format

. Faults simulation: data drift, data jump, data noise, data corruption, no data, etc
Hardware (for test-bench without real hardware)

. For test-bench without real hardware — emulation of HW faults (PLC, etc)

Software: CotMACS-JDP
OS: Win XP\Win7
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Main Simulator window (project “obliqueicebreaker” Baltika)

IT DF Testbench/Instructor Station

18:41:53 September 4 2014

Baltika

- ) Units:
M

‘ Grid
E’E 1 o | Model time: £13.30
Time factor:  1.06

Figure5

Practical examples

Ship Motion Model and I/O Signals

INFO | ENV | Motion | Forces | Cmd/Fb  Signals |pPMs |

Al DI AD Do
ThiD cmd 14.12 APMode 0 ThiD RPH 14.08 DPSelectd 1
Thil cmd  13.72 DPSelect 1 ThiD Dir 14.09 ThiD Run 1
Thrz cmd  13.79 Thr0 Sel 1 Thrl RPH 13.66 ThiD Rdy 1
ThiD dir 1410 Thrl Sel 1 Thrl Dir 7.38 ThrD Limit 0
Thel dir 7. 42 Thi? Sel 1 Thi2 RPM 13.83 Thi0 Mode 0
Thi2 dir 16.56 Thi2 Dir 16.52 Thrl Run 1
Thr1 Rdy 1
Thrl Limit 0
Thrl Mode 0
Thr2 Run 1
Thr2 Rdy 1
Thr2 Limit 0
Thr2 Mode 0
Signal
¥
Bow e
ZDRY 10 50 0 50 100
PORT N 5TBD
Z-DRY % Z-DRV
100 © O 100
50-H tH 50
0 w0
5011 [BS £y L .50
View: L L
TRUE
Bl R Ll 100
- SELECT WINDOWS
Reinit
Power Faults Sensors Motion/ Bridge Sensors
Station Faults Signals Control Data

Wire broken\ signal faults and other tests are doing during the FAT program, software and configuration

tests
MOTION ANALYSIS

INFO | ENV | POS | FORCES | STAT | COMMAND | Signal | PMS |
Al DI A D Do

Prop0 cmd 4.00 DPMode 11Prop0 RPM 4.00 |DPSelectD 1
ThiDemd 12.50 APMode 0 U BFK .90 DPSelect] 1
Thil cmd 1250 DPSelect 1 Thrl RPI 12.50 APSelect0 0
Thi2emd 10.22 APSelect 0 Thi2 RP 10.22 APSelectl 0
Thi3cmd 10.14 Prop0Sel 0 Thi2 Dir, 7860.67 PropD Run 1
Thi2 dir 7994.00 ThiD Sel 1 Thi3 10.14 PropD Rdy 0
Thr3 dir 24003.00 Thrl Sel 1 Thi3 D 24003.00 ThiD Bun 1
Thi2 Sel 1 Thi0 Rdy 1

The3 Sel 1 Thrl Run 1

Thrl Rdy 1

Thi2 Bun 1

Thr2 Rdy 1

Thr3 Run 1

Thr3 Rdy 1

Signal _ & ‘

Figure.6
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Signal monitor function constantly checking availability and health of data flow establishing auxiliary
ethernet communication between DP and Simulator Computer.

Signal to DP

Mode|I/O Unit

Model computer

Figure.7

%Signal monitor for ship: "Pseudo Vessel”

\ DP System

O Unit (s)
DP Control DP Control
Computer A Computer B

Control Panel

Control Panel

Control Panel

/

Signal back to Testbench

01d Style View  Options| Uniock 21| Write configuss:

;g_:’-_u.i:ku‘tg test for Signals

< ShutDownFeq
- Power supply
-y Actuators
@ Center Prop
PORTRudder

hannels

iy in_code
- out_code

@y Sensors

Signal tree Name
=@ Global Global
; i DPSelect Global DPSelect
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©¥ PLCOK
&< CompOk Global CompOk.

Global ShutDawnReq
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Actuators H2
Actuators. #3
Actuators. #4
Actuators #5
CyiChannets
CutChannets in_code
CutChannets.out_code
Sensors

Start |

3

-5

Stop | Repor’r| Optionsl Close |

?ﬁﬂ uto Test Signal Options

Test-case Timeout

Test-case Step Timeout

==>> Testfor signals successtully initialized

A=

Number Of Measures For Step 11 0

Margin Of Analog Signal Error il].l]S VimA

!1 0.0 sec
;30.0 sec

[X]

Ok

| Cancel l

CC niot connected

i'.'f.-i:i)wlul ﬁeculdl Foices Sellingsl Calihl-ManueuweI
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Figure8
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Parameters of outputted sensors data are widely configurable right in online.

1.0 Hz HPRA1

03 Sep 2014 06:33:36 B:04 x:3073.6 %:-841.2 D:110.01 A
03 Sep 2014 06:33:36 B:42 x:333001 ¥:-1628.1 D:120.00

03 Sep 2014 06:33:37 B:00x:279.2:-3266.1 D:100.01

03 Sep 2014 06:3%:37 B89 X:3135.6%:-1384.2 D:100.00

03 Sep 2014 06:3%:37 B:03x:2988.0%:-1216.2 D:40.01

03 Sep 2014 06:3%:37 B:04 =:23075.6 %:-841.7 D:110.00

03 Sep 2014 06:33:37 B:42 %:3392.3%:-1623.0 D:120.00 “w

ID Msg TP#1 errors:
C TP#0 [0 | m dXg dYg
= TP#1 [ss | || Noise Am 0 0 0
~ TP#2 [3 |w | Single Am 0 T.s0 0 0
~ TP#3 (4 |iv [ Jump Ax.m 0 Av.0 0 0
~ Tpa4 [ | || Drift Vx 0 Vv 0 0 0
~ TP#5 |22 v X=[260 |mVx=[0.1 |mis D[0.00 |m
- TP#6 |1 | |Y=[480  |mWy=[0.3 |mis
* TP |1 || " Format/ Empty data

Errors:/ Invalid msg 1= Fix VXV ~

1.0 Hz COM4 [ Return |.

$GPGEGA 145330 26 2955 48200 M 0300187 78w 2051 2, 100070075

[ GP Mnde:\z = Differential GPS SPS j | Route

% Errors: Perfect’ 0 dXa dYa
~ Noise Am 0.2 0o 0

A ~ Single Am 0 Ts0 0 0

= VTG T WJump Axmo0 A0 0 0

- GBS T Drift v« 0 VWO 0 0

L GNS Format™ Emptydata | Invalid msg

¥ GBM Erors:” NotWGS84 I LatiLon Out of limit

- - ~ COGISOG Out of limit

- POS

Figure9

Simulation of GPS signal noise can be customi zed.

Figure.ll
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Type L test-bench

Conclusion

Practically, implementation of mentioned test-bench family for QA control, verification and
troubleshooting allows to significantly reduce:

- Timefor troubleshooting and fault finding (up to couple of minutes);

- On-board time for system commissioning (up to couple of hours);

- Servicecalsinregard to DP control system;

Based on real experience we can state that using of advanced simulation test-bench can save time for
initial system commissioning and further service and support. Finally it brings huge benefits for both
parties- vendor and customer helping them to optimize their costs.
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