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INTRODUCTION   
General
The Board approved this new chapter in June 2009.
The rules come into force on 1 January 2010.
This chapter is valid until superseded by a revised chapter. Supple-
ments will not be issued except for an updated list of corrections pre-
sented in Pt.0 Ch.1 Sec.3. Pt.0 Ch.1 is normally revised in January and
July each year.
Revised chapters will be forwarded to all subscribers to the rules.
Buyers of reprints are advised to check the updated list of rule chap-
ters printed in Pt.0 Ch.1 Sec.1 to ensure that the chapter is current.
Comments to the rules may be sent by e-mail to rules@dnv.com
For subscription orders or information about subscription terms, please use distribution@dnv.com
Comprehensive information about DNV and the Society's services is found at the Web site http://www.dnv.com

© Det Norske Veritas
Computer Typesetting (Adobe FrameMaker) by Det Norske Veritas 
Printed in Norway 

If any person suffers loss or damage which is proved to have been caused by any negligent act or omission of Det Norske Veritas, then Det Norske Veritas shall pay compensation to such person
for his proved direct loss or damage. However, the compensation shall not exceed an amount equal to ten times the fee charged for the service in question, provided that the maximum compen-
sation shall never exceed USD 2 million.
In this provision "Det Norske Veritas" shall mean the Foundation Det Norske Veritas as well as all its subsidiaries, directors, officers, employees, agents and any other acting on behalf of Det
Norske Veritas.
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SECTION 1 
GENERAL

A. Classification

A 100 Rule application
101    The requirements of this chapter apply to vessels where
specified onboard systems have undergone enhanced system
verification (ESV). A class notation as specified in these rules
can be assigned when one or more methods as addressed in
these rules have been used for enhanced system verification on
systems as specified in Table A1 of these rules.

Guidance note:
The requirements in this chapter apply to marine and offshore
systems and cover test and verification methods that may be uti-
lized to assist in verification of functionality and performance of
such systems. The verification methods are aligned to be applied
in conjunction with classification activities of systems at e.g.
type approval, manufacturing survey, onboard testing, and on sea
trial in order to provide additional evidence of expected and re-
quired functionality.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

102    The rules address specific test and verification methods
as described in the following sections. Application of such
methods shall provide additional objective evidence of func-
tionality and quality during normal, abnormal and degraded
condition in accordance with the relevant requirements.

Guidance note:
The objective is to analyse the specified target system by use of
one or more verification methods as described in these rules in
order to provide objective evidence of acceptable functionality
and quality according to stated requirements. Application of any
ESV verification or test method should provide an additional
broader and/or deeper and/or earlier verification of the applicable
requirements when compared to normal classification test activ-
ities required for the target system(s).

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

103    In addition to the generic requirements given in these
rules, functional requirements and any quality requirements
for the stated system(s) shall be specified. In this context all
main and additional class requirements applicable for the tar-
get system applies.

Guidance note:
Upon special agreement other rules and requirements may be
made applicable if relevant. In the case that rules and require-
ments have conflicting requirements, such conflicts shall be clar-
ified, concluded, and documented in each case.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

A 200 Class notations
201    Vessels built and tested in compliance with the require-
ments of these rules may be assigned the class notations for en-
hanced system verification shown in Table A1.

Guidance note:
Example of the class notations is ESV-DP[HIL]. 

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

A 300 Alterations and additions
301    In case of alterations during the life cycle of the target
system, it is the owner's obligation to inform the Society about
changes made to the software and/or the hardware. The Socie-
ty will consider the need for retesting and/or survey in connec-
tion with such alterations. Also refer to Pt.4 Ch.9 and Ch.7.

B. Definitions
B 100 Definitions 

Guidance note:
General definitions can be found in the rules. Specific definitions
can be found for control systems in Pt.4 Ch.9 and dynamic posi-
tioning systems in Ch.7.
 

101    Control computer system: A system consisting of at
least one computer or processor with CPU processing and I/O
capacity, and one or several operator stations. The control
computer system includes also network, interface, and cabling
for signal communication, and the HW/SW platform with the
controllers containing both basis software and application
specific software. 

Guidance note 1:
The control computer system also includes control and manage-
ment networks and interface used for integration with other con-
trol systems and decentralized command and/monitoring
terminals. 

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

Guidance note 2:
The operator stations constitute the command and monitoring
functionality of the control system, consisting usually of human-
machine interfaces (HMI’s), Visual Display Unit’s (VDU’s),
alarm panels, joysticks, switches, printers, etc.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

102    ESV: Enhanced System Verification.
103    Failure: [IEEE610.12-1990] The inability of a system
or component to perform its required functions within speci-
fied performance requirements.
104    Failure mode: [IEEE 610.12-1990] The physical or
functional manifestation of a failure. For example, a system in
failure mode may be characterized by slow operation, incorrect
outputs, or complete termination of execution. 
105    Failure testing: To test the functions of a target system
by inducing relevant failures in the system in order to verify
compliance with the stated requirements.

Guidance note:
This may be done by inducing relevant failures in the system or
components connected to it, either simulated or real, and observ-
ing and reporting the effects of these failures on the behaviour of
the target system. 

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

106    Function: [IEEE 610.12-1990] A defined objective or
characteristic action of a system or component. 
107    Functional testing: Testing functions of a system to ver-

Table A1 Class notations
ESV-DP[....] vessels having undergone enhanced verification of 

dynamic positioning (DP) systems (Ch.7)
ESV-TAM[....] vessels having undergone enhanced verification of 

thruster assisted mooring or automatic thruster as-
sisted mooring (TAM) systems (DNV-OS-E301)

[....] contain the verification method signifying the method of 
verification

HIL = “Hardware-In-the-Loop” testing
DET NORSKE VERITAS
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ify compliance with the stated functional specification and re-
quirements. The main objective is to reveal failures occurring
in design, implementation, integration, and configuration. 
108    HIL: Testing by “Hardware-In-the-Loop” simulation.
109    HIL simulator: A real-time simulator constructed by
hardware and software, which is configured for the control
system under consideration and interfaced to the target system
or component through appropriate I/O. During testing with an
HIL simulator the target system or component will not experi-
ence significant difference from being connected to the real
system.
110    HW: Hardware (computer hardware).
111    SW: Software (computer software).
112    Repeatability: A test case is repeatable if the outcome of
the specified test case for several test runs is unchanged.
113    Target system: An identified set of equipment with hard-
ware and software that is subject to analysis, testing and veri-
fication.
114    Testability: The extent to which a test objective and fea-
sible test can be designed to determine whether a requirement
is met. Testability of a function in a system requires controlla-
bility and observability of that function:

— Controllability: A function in a system is controllable if
for each possible behaviour of the function, i.e. each pos-
sible output data value, condition, or state, there exists a
set of actions that can be applied to the inputs of the system
such that the corresponding behaviour is achieved.

— Observability: A function in a system is observable if any
arbitrary behaviour of the function can be determined from
the outputs of the system.

115    Test activity: An activity for testing a specified target
system according to a defined test scope and test program in
order to partly or fully meet the overall objective of ESV. Test
activities may range from testing of isolated modules or sub-
systems in laboratory conditions, testing of integrated
modules, integration testing of complex systems consisting of
equipment from many makers, to full-scale testing of an inte-

grated control system.
Guidance note:
A test activity may be divided into one or several test sessions
due to practical considerations of the availability of the target
system. Typically, each test activity has a documented Test Pro-
gram to be carried out in one or several test sessions.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

116    Test package: A test package normally consists of the
following elements:

— one or several tool(s) for the specific testing or analysis to
be carried out 

— all documentation required for planning and approval of
the specified testing to be carried out

— all documentation required for execution and reporting
— all analysis and test results including findings and conclu-

sions.

Guidance note:
An HIL simulator may be the testing tool referred above. 

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

117    Validation: [ISO 9000:2000] Confirmation, through the
provision of objective evidence, that the requirements for a
specific intended use or application have been fulfilled.
118    Verification: [ISO 9000:2000] Confirmation, through
the provision of objective evidence, that specified require-
ments have been fulfilled.

C. Documentation
C 100 General documentation related to Enhanced Sys-
tem Verification (ESV)
101    Systems subject to Enhanced System Verification shall
be documented as for main class, relevant optional class nota-
tions and standards.
DET NORSKE VERITAS
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SECTION 2 
HARDWARE-IN-THE-LOOP TESTING

A. General
A 100 Objectives
101    The objective of a Hardware-In-the-Loop (HIL) test is to
test the specified target system by means of a Hardware-In-the-
Loop simulator in order to provide objective evidence of ac-
ceptable functionality (during normal, abnormal and degraded
condition) according to stated or implied requirements. 

A 200 HIL test requirements
201    Functional requirements for the target system shall be
referred and form the basis for the tests in the HIL test package.
Reference is made to Sec.1 A201.
202    In order to obtain an ESV notation based on HIL testing,
the tests shall comprise a minimum set of specified hardware
components, software programs, and system functions. Typi-
cally, this shall include, but not be limited to the functions as
specified below:

A 300 Class notation
301    Ships which have undergone HIL testing in compliance
with requirements in this section, can be assigned the class no-
tation as described in Sec.1 A201. 

A 400 Requirements for the maker of the HIL test pack-
ages
401    The company which makes the HIL test packages shall
be independent from the other involved parties. 

Guidance note:
In general the following issues should be addressed, in order to
verify the organisational independency of the HIL test package
maker:
- the company should have testing and verification as one of its

main activities
- involvement in the design and development process, in terms

of delivering design propositions and solutions for the target
system to be HIL tested

- independency with respect to personnel and technology
- ownership and other business relationships.
 

402    The HIL test simulator technology shall be based on oth-
er (diverse) technology than the target system technology. This
means that:

— the HIL simulator shall be implemented by means of a sep-
arate hardware unit

— the HIL simulator application software shall be sufficiently
diverse from the target system application software, and test-
ing tools used in design and development of the target system.

403    The maker of HIL test packages shall have a document-
ed quality management system. 

Guidance note:
This may be a recognized system such as e.g. ISO 9001 or equivalent.
 

404    The quality management system of the HIL test package
maker, shall have documented procedures for:

— operation as an independent maker of HIL test packages
— verification and validation 
— preparation of HIL test packages including a statement of

the intended use of the test packages
— preparation of the HIL test interface to the target system
— software development and software quality assurance
— maintaining special competence in the target system domain
— identification of hazards and risks related to HIL testing
— preparation of instructions for risk control measures to

other involved parties
— preparation of reports, results evaluation, and retesting
— archiving of HIL test packages including reports with ver-

sion control of tests carried out for specific vessels and
systems during the system life cycle

— competence requirements and training for personnel in-
volved in all phases of HIL testing

— requirements verification
— design and version control.

405    Upon request the maker of the HIL test package shall dem-
onstrate and document that the procedures in the quality manage-
ment system are applied in its HIL test package deliveries.
406    The Society shall be informed about organisational and
technical dependencies. The Society may request documenta-
tion to verify independency.

B. Documentation 
B 100 General
101    Documentation as listed in Tables B1 and B2 must be sub-
mitted for Enhanced System Verification by use of HIL testing. 
102    Upon finalisation of the project, all the documentation in
the HIL test package for the specific project shall be compiled in
a complete HIL documentation report. This documentation re-
port shall be submitted to the Society for information and filing. 

Guidance note:
Normally the target system documentation received from the
system vendor, is not required to be included in the complete HIL
documentation report. 

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

103    A stamped copy of the complete HIL documentation re-
port shall be stored onboard the ship.

Guidance note:
Generic technical documentation of the HIL test simulator tool as
required by the Society may be excluded from the onboard doc-
umentation. 

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

Table A2 Scope of verification 
Class notation Scope of verification

ESV-DP[HIL] All functions in computer hardware and soft-
ware implemented in the dynamic positioning 
control system. Reference is made to rules for 
dynamic positioning systems.
(Parts of the dynamic positioning control system 
as defined by the DNV rules, may not be includ-
ed in the target system, E.g. reference systems 
and sensors.)

ESV-TAM[HIL] All functions in computer hardware and soft-
ware implemented in the system for thruster 
control. Reference is made to rules for position 
mooring. 
(Parts of the thruster assisted mooring control 
system as defined by the DNV rules, may not be 
included in the target system, E.g. reference sys-
tems and sensors.)
DET NORSKE VERITAS
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Table B1 HIL package documentation required before HIL test activities   
Applicable 

system
Documentation type Additional description Documentation 

submitted for 
information (FI) 

or 
Approval (AP)

Vessel Z040 - Vessel specifi-
cation 

Vessel system design intention and philosophy (e.g. redundant thrusters, power 
generation, and control systems) AP

Control system Z160 - Operation 
manual

Operational vessel system intention and philosophy (e.g. related to operational 
modes, redundancy, operational boundaries, and limitations) AP

Control system Z320 - Document 
register 
Z060 - Functional 
description 
Z120 - Test procedure 
at manufacturer 
Z140 - Test procedure 
for quay and sea trial 

Test Plan.
Test project overview.
Test Package objective, and intended use.
Overview of target system hardware, software and functions to be tested.
Listing of target system functions to be tested.
Specification or reference to functional requirements (e.g. reference to classifica-
tion rules, configuration and technical specifications for the given ship, end user 
requirements, etc.).
Test activity schedule (Typically a manufacturer survey and sea trials or other on-
board testing).
Risk assessment of planned testing. Emergency procedures for handling critical 
situations during testing.
Responsibilities, resources, and approvals:

— List of involved companies, name of contact person/title, contact information
— Identification of test package and phase, (manufacturing survey, sea trials, or 

other onboard testing)
— References to other test plans and reports.

Procedures for the testing, verification, validation, and for handling of findings.

AP

HIL simulator Z100 - Specification HIL simulator configuration report (one for each HIL simulator to be used).
Identification of HIL simulator hardware and software versions.
Specification of the HIL simulator functionality.
HIL simulator configuration. 
HIL simulator verification results.

AP

HIL simulator Z250 - Procedure HIL simulator operator manual (one for each HIL simulator to be used).
Description of HIL simulator operation, providing information on:

— user interface functionality
— operation modes
— operating instructions, and
— presentation of trends and test log-files.

FI

HIL simulator Z170 - Installation 
manual 

Procedures for HIL simulator interfacing, test start-up, and test closure (one for 
each test activity e.g. manufacturing survey and sea trial).
Description of test system configuration and test simulation methods. 
Specification of test interface of HIL simulator.
Identification of HIL simulator hardware components and software versions.
Identification of target system hardware components and software versions.
Procedure and checklist for the interfacing process, test system start-up, verifica-
tion of all interfaced IO signals, and verification of closed loop performance with 
HIL simulator.
Procedure and checklist for disconnecting the HIL simulator and verification of 
correct re-instatement of normal target system functionality.

AP

Control system Z120 -Test procedure 
at manufacturer 
Z140 - Test procedure 
for quay and sea trial 

Test programs (one for each test activity e.g. manufacturing survey and sea trial). 
Listing of functions and failure modes to be tested and corresponding test cases.
Based upon the functional description, each test case shall be described specify-
ing:

— test purpose
— test setup
— test method
— expected results and acceptance criteria 
— space for notes and conclusions
— signature from the tester
— space for additional signature(s).

AP
DET NORSKE VERITAS
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C. Tests
C 100 General
101    HIL testing shall be carried out at the manufacturers
works, and onboard the vessel. The HIL testing shall assure that
the target system has been configured, and completed according
to relevant functional specifications and requirements.

Guidance note:
HIL testing at the manufacturers works or onboard the vessel are
the main sites where witnessing of the tests are assumed in the
rules. However, upon agreement, other sites may be accepted.
This also implies that e.g. tests planned at the manufacturers
works could upon agreement be carried out at the dock or at a
dedicated test laboratory. Parts of the on board testing may be ac-
cepted carried out during dock and/or quay trials 

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

102    All tests shall be according to test programs approved by
the Society upfront the HIL test sessions. The Manufacturing
Survey test program shall be prepared for testing of the target
system at the manufacturers works. The onboard testing test
programme shall be prepared for testing of the onboard in-
stalled target system. When deemed necessary by the attending
surveyor, tests additional to those specified by the test program
will be required.
103    Before the HIL test session and survey commences, an
opening meeting should be arranged between the responsible
parties. The following items should be clarified:

— responsibilities related to the HIL test session 
— emergency procedures and responsibilities for potential

hazardous situations during the HIL test session 

— the test setup and objectives of the HIL tests to be carried out
— the schedule and sequence for carrying out the HIL testing.

104    The tests shall be performed according to the approved
test programs in the HIL test package. The test results for each
test shall be recorded. The conclusion of each single test shall
be documented into the HIL test report.
105    Testing as described in 104, shall be carried out in the
presence of a DNV surveyor. Upon special agreement, parts of
the testing may be carried out without the presence of the sur-
veyor. Each single test outcome shall be presented to the sur-
veyor, if requested. The surveyor may request any test to be
repeated. Due to this, the HIL test simulator shall not be dis-
connected before the surveyor has confirmed that no more test-
ing will be requested to be witnessed in the current test session.
106    After an HIL test activity is completed, the complete set
of results shall be compiled into an HIL test report. Each test
or conclusion shall be documented and signed. In the case that
some tests have become not applicable or is not possible to car-
ry out or it is decided to postpone the tests to a later HIL test
activity, such conclusions shall also be documented. 
107    After the HIL test activity, a closing meeting shall be ar-
ranged between the responsible parties. The purpose of the
meeting is to agree upon the findings from the testing. For each
finding a responsible party for follow up within a set due date
shall be agreed, documented, and signed as applicable.
108    The finding shall be categorised into class-related and
non-class related. This categorization shall be approved by the
Society.

Guidance note 1:
The class-related findings will be followed up by the Society as
e.g. comments, conditions of class in the normal manner.

Table B2 HIL package documentation required to be completed during and after the HIL test
Applicable 

system, 
function or 
component

Documentation type Detailed description Documentation 
submitted for 

information (FI) 
or Approval (AP)

Control system Z130 - Report from 
test at manufacturer
Z150 - Report from 
quay and sea trial 

Test reports (one for each test activity e.g. manufacturing survey and sea trial). 
Recorded results of each test case with signatures by tester and attending Society 
surveyor.
Description of each finding from functional requirements as observed in any test 
case. These findings shall be recorded with sufficient detail to be followed up fur-
ther. Any functions incomplete or not available for testing shall be recorded as a 
finding.
After the HIL test activity, the test findings shall be reviewed and responsibilities 
for follow up shall be agreed. 
A due date for follow up by the nominated responsible shall be set. 

FI

Control system Z130 - Report from 
test at manufacturer 
Z150 - Report from 
quay and sea trial

Test summary report
A summary of test activities, test results, and findings shall be compiled into a test 
summary report.
Validation results of test package with respect to intended use of the test package.
Each finding shall be described in a template containing the following information 
elements:

— reference to the approved test package/plan and specific item (system, ship, 
version, date, test activity)

— description of the finding, including an explanation of why it is a finding
— recommended action or follow up
— responsible party for following up corrective action
— due date for completion of the action
— conclusions and actions taken.

FI

Control system Z290 - Record HIL test notation document.
When testing is completed and all findings are concluded an HIL test notation doc-
ument shall be prepared. This shall contain a specification of:

— the target system identification (hardware and software components, parts, se-
rial numbers and software versions), and

— reference to the functional requirements applied.

AP
DET NORSKE VERITAS
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The non-class-related findings may be categorised by additional
codes by the HIL test package maker. However, such findings
will be required by the Society to be finally concluded before the
ESV notation is issued.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

Guidance note 2:
Class-related findings will be given as comments and/or condi-
tions as found necessary.
Non-class-related findings will be required to be finally conclud-
ed before the ESV notation is issued. These conclusions may e.g.
be void, or no action. However, in case the conclusions imply
changes to the system, these changes shall be approved.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

109    The conclusions from the closing meeting shall be doc-
umented in an HIL test summary report as described in Table
B1. The HIL test summary report shall be distributed to all par-
ties and the agreed actions shall be followed up. 
110    After completion of an HIL test activity, the HIL test re-
port shall be prepared. The HIL test report shall be submitted
to the Society.
111    The personnel responsible for performing the HIL test-
ing shall be qualified according to the quality requirements in
A404. Documentation of completed training shall be available
on the Society’s request. 

Guidance note:
The HIL testing may be carried out by personnel from e.g. the
maker of the HIL test package, the system manufacturer, the
yard, the vessel owner, or a marine consultant. 

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

C 200 Manufacturing survey
201    HIL testing at the manufacturer works shall be carried
out based on an approved HIL test package. 
202    The HIL testing at the manufacturing survey shall verify
closed loop functionality and response of the target system
when connected to the HIL simulator. Both normal, degraded
and abnormal operation shall be simulated.
203    After successful HIL testing at the manufacturer works,
an HIL test certificate can be issued to the target system.

Guidance note:
The HIL testing at the manufacturers works may, upon agree-
ment, be combined with other certification activities.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

204    The HIL Test Certificate must specifically identify the
target systems that have been tested, by listing of specific HW
type, serial numbers, and specific SW version identification.
References to the specific HIL test package and HIL test report
shall also be provided.

Guidance note:
The HIL testing at the manufacturers works may, upon special
agreement, be carried out on replica hardware.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

205    The HIL testing at the manufacturer works may be limi-
ted in test scope or omitted when the target system is HIL Type
Approved. 

Guidance note 1:
The requirement to the scope of the HIL testing at the manufac-
turer works will be based on the total system functionality and
the degree of configuration and customisation for the specific tar-
get system delivery.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

Guidance note 2:
The certification requirements according to main class require-

ments and other optional class notations will not be omitted
based on HIL Type Approval.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

206    For an HIL Type Approval to be valid, the delivered
hardware and software must be covered by the HIL Type Ap-
proval Certificate.

Guidance note:
This means that the HIL Type Approval certificate will specify
the hardware components and the software versions. Note that
the HIL Type Approval certificate, does not imply that the hard-
ware in itself is type approved and tested according to the DNV
Standard for Certification of 2.4 or other standards stating envi-
ronmental requirements. However, relevant environmental re-
quirements will always apply.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

C 300 Onboard testing
301    HIL testing of the installed target systems onboard the
vessel shall be carried out based on an approved HIL test pack-
age in order to assure that the target system has been config-
ured, and installed according to relevant functional
specifications and requirements for the vessel.
302    The HIL testing shall verify normal closed loop func-
tionality and response of the total system upon normal, degrad-
ed and abnormal operation. 

Guidance note:
The requirement for normal closed loop functional testing, may
in some cases give situations which are harmful to the equipment
under test. The requirement for closed loop functionality may
upon special consideration be omitted and/or replaced by other
types of testing.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

303    The target system and other possible influenced sys-
tems, shall be re-instated and set back to normal operational
mode after completion of the HIL testing.

D. HIL Test-packages
D 100 General
101    An HIL test-package is a test-package including HIL
simulator(s) as testing tools and all documentation required for
description and reporting of the HIL testing. 
102    The HIL test-package shall refer to the specific function-
al requirements to the target system which has formed the basis
for the HIL test scope. Reference to these functional require-
ments shall be stated in the HIL test notation document.
103    The applicable parts of the HIL test-package documen-
tation shall be prepared for serving as working documents dur-
ing the HIL tests.
104    The intended use of the HIL test-package shall also be
stated. The intended use statement shall give directions for the
HIL test scope. 

Guidance note:
The intended use of the HIL test-package may be to verify
specific functional requirements for a specified type of future
vessel operation. The intended use may also include statements
of methods for selection of the verification and test scope. 

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

105    The HIL test-package shall describe the target system
and possible interfaced systems as necessary. 

Guidance note:
The required documentation for the HIL test-package can be
found in Table B1 and Table B2.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
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106    The HIL test-package shall contain test cases related to
the normal, degraded and abnormal operation of the target and
simulated systems. Normally single and common failure modes
and common components should be extensively analysed and
tested. Multiple failures should be tested if found relevant.

Guidance note 1:
Operation in all normal modes and transfer between operational
modes and the corresponding functional requirements, should be
the basis for establishing the HIL test scope. In addition, failure
testing is also to be included in the test scope. General types of
failures to be simulated could be, but not limited to:
- sensors or input devices failure modes (dropout, noise, cali-

bration errors, drift, bias, signal freeze, wild point,…)
- failure mode of actuators, drives, power system components

or other electro-mechanical components 
- feedback from sensors on actuator failure modes
- failure modes in computer networks
- failure modes related to overload of networks
- failures affecting weighting and voting mechanisms
- failures affecting protective safety functions
- failures affecting alarms, monitoring, and analysis functions
- failures causing and/or otherwise affecting switch-over in re-

dundant systems
- common mode failures affecting several components and/or

signals
- emergency handling (special emergency functions required

during emergency handling could be tested)
- reconstruction of relevant reported failures/incidents related

to the system and/or operations.
---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---

 

Guidance note 2:
When establishing the HIL test scope, verification planned to be
carried out by other methods (e.g. FMEA), should be considered.
The purpose should be to give input to the HIL test scope and to
align the execution of the tests in an efficient manner.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

107    Testing shall be performed for all relevant operational
modes of the target system. The need for testing in different
operational modes of relevant equipment and systems connect-
ed to the target systems shall also be evaluated.
108    The Society shall approve the relevant parts of the HIL
test-package upfront each HIL test activity. The approval will
in addition to these rules also be based on the specified func-
tional requirements for the target system. 

D 200 Risk assessment 
201    A risk assessment for each test activity shall be a part of
the HIL test-package.

Guidance note:
The intention is to ensure that the responsible parties have ad-
dressed that there may exist possible hazards and risks related to
HIL testing and that sufficient overall actions for emergency han-
dling have been planned and agreed. Items which typically

should be considered if appropriate:
- specification of equipment to be tested
- specification of personnel required for the HIL testing
- specification of required environmental conditions during the

HIL test
- hazard identification for the equipment during the HIL test

operation
- hazard identification (personnel safety) for the personnel dur-

ing HIL testing
- hazard identification for the ship and the ship environment
- availability of an emergency procedure for handling possible

hazardous situations.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

D 300 Verification and validation
301    The HIL test-package shall contain procedures for veri-
fication and validation of the configured HIL simulator. The
scope of verification and validation shall be based on the
specific intended use of the HIL testing.
302    Functional suitability and accuracy of the simulator shall
be documented according to procedures (ref. 301) in order to
ensure sufficiently accurate and valid test results. This must as
a minimum include:

— verification tests to document that the simulator functions
are correct and sufficiently accurate

— validation tests to document that the functional suitability
of the simulator is according to the intended use of the HIL
testing.

Verification and validation activities and/or assessments shall be
documented in the HIL test summary report as required in sub-
section B. 

Guidance note:
The key element for planning the validation activities is to ana-
lyse the intended use statement and identify possible critical fac-
tors/elements in the simulator/test package which may leave the
test results not representative. A set of relevant validation activi-
ties for the HIL simulator and HIL test package should be identi-
fied and measures for limiting possible inaccuracies and
uncertainties should be described.
In case the objective of the HIL testing is to test the qualitative
behaviour of functions and failure handling, it must be validated
that the accuracy of the simulator is sufficient to obtain testability
of the target functions. 
If, on the other hand, the objective of the HIL testing is to test
both the qualitative and quantitative behaviour of functions in the
target system, it must be validated that the performance of the
simulator is sufficiently accurate and realistic to assess the target
system performance. It is recognized that some validation tests
can only be carried out by full-scale trials. In order to collect in-
formation supporting the correctness of the simulator such vali-
dation tests are advised.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
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