Maritime Professional Textbook Series

» \ 2w o
5 Y
(TH#: ABIREMTIE)

Nautical Navigation Instruments

(Volume Two: Shipborne Navigation Radar)

XE& P KT &M



Maritime Professional Textbook Series

Nautical Navigation Instruments
( Volume Two: Shipborne Navigation Radar)

Wi i AL a5
CTME < B AN A5 8% )

PURNE 7 | S 2

FEBF LT LRk



Introduction

This textbook is the English version of Chinese textbook Nautical navigation instruments (volume two :
Shipborne navigation radar) , one of maritime professional textbook series, for bilingual education. The
contents of the textbook are in accordance with the Manila amendments to the STCW Conwention and the
Competence Examinations and Assessments Program for Seafarers laid down by Maritime Safety Adminisira-
tion of the People’ s Republic of China, and combine with cutting — edge technology and practical marine ap-
plications. As a result, the book can act as both theoretical textbook for Shipborne Navigation Radar and
Nautical Navigation courses, and training textbook for Radar Operation and Application assessment of MSA
of China. Therefore, the textbook is good for maritime universities and maritime affairs training agencies to
train students and cadets of major of Navigation, Nautical Science and Marine Management, as well as the

standing reference book for personnel engaged in nautical science expertise.
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Author’ s Note
——Guide-reading for radar textbook

Shipborne navigation radar is also called civil marine radar, which is an indispensable aid for
deck officer to maintain safe navigation with the functions of lookout, position fixing, navigation and
collision avoidance. This textbook describes navigation radar system configuration and operational
principle concisely, analyses radar performance and functionality in detail, expounds various factors
affecting radar performance and radar limitations profoundly, discusses the navigation operating tech-
niques in the process of lookout, position fixing, navigation and collision avoidance systematically
and proposes the operation methods and cautions of radar application in navigation comprehensively.

Shipborne Navigation Radar is based on IMO Resolution MSC. 192(79) annex Revised Recom-
mendatiori on Performance Standards for Radar Equipment, IEC 62388 standardization documents
Maritime navigation and radiocommunication equipment and systems - Shipborne radar - Perform-
ance requirements , methods of testing and required test results, Manila amendments to the STCW Con-
vention and Competence Examinations and Assessments Program for Seafarers laid down by Maritime
Safety Administration of the People’ s Republic of China, which can be used as the textbook for spe-
cialty of Nautical Science, Marine Management and Instrument Measurement and Control related to
the nautical instrument, especially, for the examination in China to fulfill seafarer competency exam-
ination training in implementation of Manila amendments to the STCW Convention. Besides, the

book can act as the standing reference book for personnel engaged in nautical science expertise.

Part | History of radar textbooks and radar performance standards

There are four textbooks recommended by IMO Model Course among various shipborne naviga-
tion radar textbooks in the world. Radar Observer’ s Handbook for Merchant Navy Officers written by
Mr. W. Burger, published in 1957 Britain, has dominated seafarer radar training in 20th century
with content of both precise theory and wealthy practice, which was renewed 9th version in 1998. E-
lectronic Aids to Navigation: Radar and ARPA written by Mr. R. Lownsborough , published in 1993
Britain, paid more attention to equipment principles, and had certain practical significance. Ship-
borne Radar and ARPA written by Mr. H. Subramaniam , published in 1990 and reprinted in 2010,
mainly focused of manual plotting, does not very widely spread. Radar and ARPA Manual written by
Mr. A. G. Bole and Mr. W. O. Dineley, published in 1990, the second Edition in 2005, and ex-
pecting the third Edition in the end of 2013, is widely circulated in recent years and suits for marine

training. Throughout all above, compared with IMO Model Course, the context to explain the equip-
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ment principles is far more than needed, while the supports to latest radar performance standards are
not enough, not yet has version latter than Manila amendments to the STCW Convention for trainee.
In China, Condensed Marine Radar ( { fai B 751k ) ), written by Mr. Shi Bin (it ),
published Nov. , 1956 by Shanghai Science and Technology Press, introduced the basic principles
and operation methods of navigation radar systematically and presents the basics of radar observations
and plotting. The textbook impacted Chinese early nautical radar technology expertise for a long
time. However, electronic navigation technology development is relatively slow during a long period
time partly because the domestic political atmosphere impeded the academic development. There was
no radar textbook update until 1980s. There were two profoundly influenced versions of official pub-
lication of marine radar professional teaching textbooks after the reform and opening-up, which had
relatively great impact in maritime teaching, Marine Radar ( { L7 ik k) ) written by Mr. Miao De-
gang (Z{EN]) , Dalian Marine College Press Jun. , 1990, and Marine Radar and ARPA ( { fijL i}
155 ARPAY) written by Mr. Wang Shiyuan ( F 135 ) , Dalian Maritime University Press Aug. |
1998. The professional perspectives and teaching ideas of these two textbooks have dominated the
teaching and training of university undergraduate, junior college education, professional training and
seafarer competency assessment training of China. It almost lasted for more than 20 years when the
shipborne navigation radar technology grew fastest and made outstanding contributions to the naviga-
tional instrument teaching and seafarer training in China. In order to meet the No. 330 documenta-
tion Radar Operation and Professional Simulator Training, Examination and Certification Program
for Seafarers in the People’ s Republic of China ( {rhHe N ReHEFN R Ay 53 7 A AT 5 Bl a5 Lol 1
U XA & E ) ) issued by the Harbour Superintendency Administration of the Peop‘le’ s Re-
pul;lic of China (the former of China MSA) in 1997, i. e. so called BO7/B08 program ( Two Radar
Certificates ) —the certificate training for “ Radar Observation and Plotting and Radar Simulator
Training” and “Automatic Radar Plotting Aids Training” , Besides those two textbooks, Radar Ob-
servation and Plotting ({ §5i5 WM 58542 ) ) written by Mr. Sun Wengiang etc. (#)3C5855) were
published twice by Dalian Maritime University Press in Oct. , 1998 and Nov. , 2005 respectively,
but no textbook has aimed at BO8 program yet. During this period, Harbor Superintendency Adminis-
tration recommended internal training materials Radar Observation and Simulator ( { F7 iKW 55 45
I28)) and Automatic Radar Plotting Aid ({ H 8155 i5Fr%2{L ( ARPA)) ) written by Mr. Fang
Quangen ( J7 RAR) and Mr. Sun Guoyuan (#MEJC) , Shanghai Marine College, were widely used
by training agencies all over the (ountry Automatic Radar Plotting Aid ( { HZhEIAbRZZ{L) ) writ-
ten by Mr. Wu Jianhua (%) Jun. , 2009, and Radar Observation and Plotting ( { F5 ik WL
EFr#:)) written by Mr. Zhu Jianguo (#8:[E ) and Mr. Weng Jianjun (582 %) Sep. , 2010,
both published by Wuhan Technology University Press, were used in BO7/B08 program in Central,
eastern and southwestern of China. Besides, Marine Radar ( {(fi¥#F7ik)) written by Ms. Zhang
Xinggu (5K454F) published by Dalian Maritime University Press Aug. , 2010, mainly used in navi-
gation teaching and training in Jimei University. This is the first time that radar textbook refers to the
function AIS reported targets required by IMO MSC. 192(79) Resolution, illustrated the operation of
AIS in radar equipment, and lists the Chinese translation version of Resolution MSC. 192(79) in
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the appendix.

In fact, the radar performance standards in our textbooks after the reform and opening-up are
all based on IMO Resolution A.477( XIl) annex Recommendation on Performance Standards for Ra-
dar Equipment Nov. , 1981 and IMO Resolution A.823(19) annex Recommendation on Performance
Standards for Automatic Radar Plotting Aids (ARPAs) Nov. , 1995 until now, while the textbooks
never reflect the updates of radar performance standards, i. e. the IMO Resolution MSC. 64 (67)
annex 4 Recommendation on Performance Standards for Radar Equipment adopted Nov. , 1996, and
Resolution MSC. 192(79) annex 34 Revised Recommendation on Performance Standards for Radar

Equipment, adopted Dec. , 2004 into the seafarers training teaching and assessment program.

Part 2 The development of radar technology and textbook construction

IMO actively promotes the role of electronic information navigation technology in safeguarding
navigation since later 1990s, especially entering 21st century. With the development of satellite nav-
igation technology, digital communication technology, sensor network technology and multi - sensor
information processing and fusion technology, shipborne navigation radar technology and functions
have made great progress. From analog to digital technology, signal processing to information fusion
and sole video display radar equipment to multi — sensor integrated information processing, radar flas
become important core equipment in integrated navigation system, its observations (lookout) , posi-
tion fixing, navigation and collision avoidance functions occupy an irreplaceable important role in in-
tegrated navigation system. The techniques involved in current radar system have already covered the
technologies and applications of the mainstream nautical instrument. Incomplete, imperfect radar
teaching contents will directly affect the quality of professional navigational training, affect the im-
plementation of the STCW Convention, affect the safe navigation. Therefore, the publication of radar

textbook has become one of the difficulties and the focuses of the construction of professional text-

books.

Part 3 The study and suggestions and guide — reading for this textbook

For nautical science specialty, radar is a relative difficult course, but also is one of the neces-
sary courses in the competency examination for seafarers’ certificate. The difficult factors lie in (1)
the complexity of system configurations; (2) the complexity of equipment principles; (3) the com-
plexity of equipment functions; (4) the complexity of human — machine interaction interfaces; (5)
the complexity of operation procedures; (6) skilled operation should be based on a profound under-
standing of the equipment principles; (7) many factors may affect the quality of radar pictures,
such as equipment performances, propagation conditions of electromagnetic wave, electromagnetic
properties of targets, user operation techniques; (8) the accurate interpretation of radar pictures
needs comprehensive knowledge about all above factors and formidable experience about radar obser-
vations. Radar course can usually be decomposed into five parts; basic operational principles of the
radar equipment, radar operations, radar observations, radar navigation and radar collision avoid-

ance.



This textbook is divided into nine chapters and two annexes. Chapter 1 summarises the progress
in the development of shipborne navigation radar from a technical point, aimed to allow readers to
understand the basic characteristics of modern radar technology. Chapter 2 introduces the basic
characteristics of the radar pictures and the basic physical principles of target measurement, and
then focuses on the radar picture presentations and its application to allow readers to become familiar
with and master the radar display features. This chapter is recommended two theoretical teaching
hours and one hour practice by real radar equipment. Chapter 3 introduces the basic configurations
and operational principles of the radar system, which is one of the most difficult chapters of the
book. This chapter is also the basis for officer who can operate radar correctly, explain the radar ob-
servation phenomena, and master the function of radar. In consideration of the characteristics of
nautical science specialty, combined with radar principles to analyse radar operation and observation
phenomena, this chapter serves the function to pave the way for the subsequent chapters. It is rec-
ommended eight theoretical teaching hours and half an hour practice of real radar equipment for this
chapter. Chapter 4 describes the operations of the basic controls and the procedures for radar switch
on/off, and the proposed theoretical teaching hours are two and a half and experiment hours are one
and a half. Chapter 5 introduces radar observation performance and observation techniques, target
observation performance and the factors affecting normal radar observations, which is the focus of the
book. This chapter is recommended eight theoretical teaching hours and three hours practice of real
radar equipment to comprehend a variety of radar observation phenomena in order to help the observ-
ers to find small target in a variety of complex and harsh environments. Chapter 6 describes the basic
techniques and cautions for position fixing and navigation by radar, which is the crucial point of
Nautical Navigation course. This chapter focuses on target identification and selection from the per-
spective of position fixing by radar. For radar navigation, the functions and operations of chart ra-
dar, which is involved for the first time in the radar performance standards of Resolution MSC. 192
(79), are introduced as the emphasis. This chapter is recommended two theoretical teaching hours
and two hours practice of the real radar (if available) or simulator. Chapter 7 is another focus — ra-
dar collision avoidance function, namely traditional ARPA function and the function extension under
the new technical conditions, which is the focus of the development of shipborne navigation radar
technology during the last 20 years and an irreplaceable function by other equipment. By intensively
studying IMO and IEC latest radar performance standards and IEC 62288 standardization documenta-
tion Presentation of navigation-related information on shipborne navigational displays - General re-
quirements , methods of testing and required test resulls, according to the international norms, combi-
ning the research and navigation practice, the topics, including the operation methods, advantages
and limitations of radar target tracking and AIS reported target information in radar collision avoid-
ance action, are discussed in detail. This chapter is recommended no less than ten theoretical teach-
ing hours, two hours practice of real radar equipment, and thirty hours operations, prictices and as-
sessment by radar simulator. Combined more than 20 years of radar installation and maintenance
practices, Chapter 8 introduces the knowledge of radar installation, acceptance check and mainte-

nance that are necessary for officer to comprehend from the equipment management. This chapter is
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recommended two teaching hours. If equipment maintenance training is intended to be strengthened ,
such as for the specialty of Marine Electronics and Electrical Engineering , this chapter is recommen-
ded as one of the key lessons for extra teaching and especially practice hours. Chapter 9 provides an
overview of development of a new radar system and its technical characteristics and observation char-
acteristics. For nautical science specialty, the suggested teaching hours are allocated in the following

table.

Classreom Practice hours ( Including assessment ) Note for Assessment of
Chapter hours Real radar Radar simulator Radar Operation and Application
1 0.5 X X X
2 2 1 X (involve all the following assessments)
3 8 0.5 X X
4 2.5 1.5 X Radar Basic Operation and Setting
5 8 3 X
Radar position fixing and navigation
6 2 2
7 10 2 30 Radar and AIS anti-collision operation
8 2 X X X
9 1 X X X
Total 36 10 30 X

To help readers and professionals and technicians better to understand the principles of radar,
to master the knowledge of radar performance accurately, and to use the radar function skillfully, we
put IMO MSC. 192 (79 ) radar performance standard and IEC 62288 the standard presentation of
navigation — related information on radar display as the annexes. Noticed that the discrepancies be-

tween IMO and IEC standards for radar, we add some descriptive comments or explanatory notes.

Part 4 The writers of the book

The writers of this book are Liu Tong, Zhang Bin, Yang Xiao, Yu Feng, Yang Xiao, Chen
Hali and Gao Zongjiang, the teachers of Teaching Branch of Navigation Instrument of Navigation
College of Dalian Maritime University. The Chinese version of this book is written by Liu Tong,
Yang Xiao, Cheng Chuan, Chen Duo, Quan Dongqun. Section 3.7 is written by Chen Duo, Section
3.8 is written by Chen Duo, Liu Tong and Yang Xiao. Section 5.3 is written by Cheng Chuan.
Chapter 6 is written by Chen Duo, Yang Xiao and Liu Tong. Section 7.2 ~7.6 are written by Liu
Tong and Yang Xiao. Section 8.2 and 8.3 are written by Quan Dongqun. Chapter 9 is written by
Yang Xiao. The other Chapters and Sections are all written by Liu Tong.

Part 5 Acknowledgements
Trace back from collecting the references, communicating with the relevant maritime authori-

ties, shipping industry professionals, experts and scholars from teaching and training institutions to

5



driving the writing, follow the revision of international conventions, the updates of technical stand-
ards, the augmentation of instrument capabilities and the process of implementing the STCW Con-
vention, we repeatedly and constantly to modify and improve the materials of the textbook over 5
years. During these years, the authors have finished nearly 10 books already. However, only this
Shipborne Navigation Radar, we feel fear, anxiety and hesitate because of the shallowness of our
scholarship, while making an unauthorised guess for esoteric of modern technology.

Thanks to the devotion of vast ocean to the human world, thanks to the stage of history built by
IMO and maritime education in China, thanks to the years of diligent cultivation of Dalian Maritime
University, thanks to the guides and supports by the experts from shipping industry and relevant en-
terprises and institutions, all of these urge us to be able to play an insignificant supporting role on
the big stage in the vast world, interpret our duties and rack our brains. Since Manila amendments
to the STCW Convention entered into force , the Maritime Safety Administration of China appoints us
to revise and draft the syllabus for seafarer examination and assessment. By this opportunity, we
learn universal spirit from sailing elite far and near, draw perspectives from senior experts and schol-
ars all around, to fill the interior with theory and polish the exterior with practice. Thanks to the tol-
erances and trusts of Chinese Maritime Safety Administration, Dalian Maritime University and Dalian
Maritime University Press, and the encouragements and supports from colleagues, although the dead-
line for manuscripts was put off again and again, we finally dedicate our painstaking fruit. We have

done really the hard work we could.
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