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ABSTRACT

Taking the inland water navigation safety as the research object, analyze the factors influencing the shipping safety
state with the viewpoint of systems engineering fromthe four aspects: crew, vessel, environment and management.
Then, establish the Bayesian network model with the factors as the node to evaluate shipping safety state. Finally,
Construct the Bayesian network model with the date of the marine accident and risk on Yangtze River for evidence
reasoning by software GeNle, which can measure the action mechanism of the factors in causing risk and also
reflect the navigation safety status. The safety index system includes comprehensiveindex and subindex.
Comprehensive index reflect the navigation safety trend with its change scope, and the sub-index represent the main
risk factors in shipping safety. Safety index system can quantify the inland water shipping safety state continuously
and dynamically, which could makes the safety monitoring more accurate.
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INTRODUCTION

Although there are many achievements in the rebearowater navigation safety in China, but it'dl steak in the
study of monitoring inland shipping safety statethie monitoring system can be established andnthaégation
safety state monitored can be released to the @uiith the form of “safety index”, it will be helpfor personnel
related to shipping productionrealize the curremid arecent shipping safety state in detail. The tgafe
indexcouldconduct shipping enterprises to orgasafety production and play aguiding role of conthgrsafety
management for administrative departments of shigppiWhat's more, it has practical significance npirove the
level of shipping safety management in the YandRheer and to promote the economic development albieg
Yangtze River.

“Shipping safety index system” describes the cursafiety state of shipping system, reflects thesibbes accident
type and the changing trend, measure the probalofitaccidents and the loss degree that could happer a
period of time. The comprehensive safety index,ciwbielongs to the safety index system, can reflextoverall
change in direction and degree of shipping safetie glirectly. The comprehensive safetyindex caa pfovide the
basis for shipping administrative departments drippéng enterprise to make working plans reasondbladdition,
the subindexof the system can point out the fadioas cause the accidents and serious consequeanagsg it
more targeted to take measures.

Previous research setup the classification stanttamlaluation the shipping safety state.The retefor safety

index can quantize the shipping safety state coatislyand dynamically. It also specifies the chaggieveloping
trend, with which the safety monitoring is moreeetive.
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ANALYSIS OF INLAND WATER SHIPPING SAFETY INFLUENCE FACTORS BASED ON SYSTEM
ENGINEERING

The Systems Engineering is a composite frontie@msa. It proposes system science theory and systegnseering
method to give a study in the mutual relations ands among the man, machine and environment betorige
same system. So the inland water shipping safeijdcle regarded as a complex system, and it isssacg to
study the factors influencing safety from the perdiwe of the System Engineering.

The water traffic safety system is a complex systemposed of “crew-vessel-environment-managemaéfitien
one or more of the elements are under unsafe éondibwing to the action of one element or the ritéion of
several elements, it will induce accident poterdiadl then cause the traffic accidents on inlaneématy. With the
theory of systems engineering to analyzethe resgectcharacters and interaction among
Crew-vessel-environment-management,it is easieexplore the efficiency that the action of variowsctbrs
influence the water navigation safety and causalants.

In the Crew-vessel-environment-management” systeaw has strong capacity to control or regulate@wCis not
only the principle of shipping operation, but atbe main cause of shipping accident and risk.Cremdifferent
ages are in different condition, which is age dtiiee reflects the whole level of crew health in ghecess of
shipping. The operation against rules reflectshrenalizationof mariner’s operating, which is treyko navigation
safety. The manning of shipreflects whether the memand qualificationsof the crew are equal tosti@ manning
standard.The working years on board reflects thhriealproficiency of crew.Generally speaking, thager the
working yearsare,the familiar with operating thewrare. Fatigue status reflects the crew’'s worlingdition.
Mariner may make more mistakes in operating wheneythfeel tired and be slower to
response in case of emergencies.Education refleetoverall working ability in shipping. The crewitkw higher
education generallyhas higher working quality abifity. The crew trainingreflects their understamgliof operating
rules and safety regulations to a certain extent.

In the crew-vessel-environment-management systesssel iscontrolled by the mariner. It's not soatelie to
reduce and control the accident simply relying ba human behavior, but it'seasierto do this wita Help of
technology.Since marine equipment are manufactacedrding to regulation for operation and behawfomariner,
which is stable and reliable. Vessels with différeannage don't have the same probability in capsincidents
even under the same navigation environment, sarthe assumed that the vessel's tonnage refleetshipping
safety state. The ship’s maintenance and repairéfigct not only the daily maintenance level busoathe
technology and safety condition of the marine empgipt. Old vessel's equipment is worse than thersthehich is
easier to causeaccidents.Therefore ship’s agirgredlects the overall technology condition of mgating vessel.
The more serious the vessel overload, the easieadbidents happen. Overload rate describes guadpertion of
overload cargo tonnage accounting for the deadwdighnage of Ship, which reflects the overload degand the
shipping safety risk.

In the crew-vessel-environment-management systamitaament is the specific working conditions fasth crew
and vessel. It influences the mental status ottbe on board. The reliability of human being bebawill decline
under a bad environment, which indirectly affee fafety and stability of navigation.lt is certginthat
environment is thedirect acting factorfor shippiagfety. Environmentis comprised ofnatural environtmand
traffic environment. Natural environment containgnaow,flow,wave and so on. Traffic environment @ins
channel conditionand vessel traffic flow conditfind, snow, rain, fog are the weather conditioniobsly
influencingsailing on inland river.The widths, flas# channel and aid to navigation have impactstop sperating.
Concentration of vessel reflects the actual trafficriver. It's of great significance to know a sifie concentration
of vessel, whichcould help manage the traffic @ffety on river.

In the crew-vessel-environment-management systemnagement in shipping system is an important part
composed of people management, ship control angbisiy supervisionunder various environmental coowlst.
Both of the levelof supervision equipment and thegdiency of training reflect the safe managemevelland
personnel management level.lt could be evaluatethyumber of inland mariners taking part in tbenpetency
theory examination terminally.Safety check is apamant part of safety management, which is theapiae of
navigation security.

CONSTRUCTION BAYESIAN NETWORK MODEL STRUCTURE OF INLAND WATER SHIPPING
SAFETY INDEX SYSTEM

Inland water navigation safety index consists dédltondex and subindex. The Bayesian network mbdsldouble
layers, which is made up of total goal node, phrjaal node and evidence node. The shipping safety
influencefactors work together causing the tradfocidents or riskthat is uncertain. According te basis of water
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traffic accidents on Yangtze River, the correlamalysisis used for analyzing the shipping saifetyence factors
and interactions among them. Then the topologitataire of Bayesian network for inland water natign safety
evaluation could be established.

3.1Selection and range of the node

Through analysis, from the perspective of data &@tipn and statistical analysis, the “inland wagipping safety
state” is chosen as goal node, “crew”, “ship”, “‘eamment” and “management” are as partial node ctvhire
connected by their own evidence node. Accordingliove analysis of the safety influence factors expukertise, it

is suggested that that partial node “crew” has 7 ideexe nodes, as following:
age-4,operating reliability-Z,manning-4,adaptability-Z,fatigue status-¢ literacy-% and safetyawareness-Zhe
partial node “ship” has 4 evidence nodes, as fallgtonnage-¢, maintenance+/ hullstructure-Zpand
stability-Z;;. The partial node “environment” has 8 evidencssfodowing: wind-Z,, rain-Z;s, SNOw -Z4, fog-Zs,
depth of channel-, flow-Z;; navigation mark-Zand vessel density;d The partial node “management” has 3
evidence nodes, as following: information managerZgy safe education-, safety check-z.

Owing to the universality of nodes, it's necesdarget a detailed range of nodes to investigatestiygping safety
status more comprehensively and accurately. The rmtge is an integer from 0, and 0 indicates goodlition. The
smaller number indicates the better condition efniode. In the crew factors, age is evaluated éystore of age
structure-A; operational reliability is evaluateg deeduction of mariner-B; ship manning is evaluatgdnsufficient

manning rate-C; adaptability is evaluated by thepprtion of new crew-D; fatigue status is evaludigaontinuous
working hours-E; education level is evaluated bycadion scores-F; safety awareness is evaluat@debtraining

times-G. In the vessel factors, ship tonnage ituat@d by actual deadweight tonnage-H; maintenaneealuated by
security check retention rate-I; hull structuresimluated by ship’s aging rate-J; stability is eatéd by overload
rate-K. In the environment factors, wind is evatubby the wind scale-L; rain is evaluated by rdif¥g snow is

evaluated by snowfall-N; fog is evaluated by viipiO; channel depth is evaluated by additiongbttieP; channel
flow is evaluated by flow velocity-Q; navigation rkas evaluated by improvement rate-R; traffic fla@nsity is

evaluated by channel saturation-S. In the managefaetors, information management is evaluated bgthver it

equips with information-based system; company gadducation is evaluated by the number-T of peagie are

organized to take part in the competency theoryrexsafety inspection situation is evaluated by ahrsecurity

checking ships U.

3.2 Network topology

It's clear that factors work together to causeadfitr accident or a risk. Correlation test is ugedanalyzing the
interaction mechanism among each factor causinglexis on the basis of historical shipping safefgidents data
and factors summarized on Yangtze River. The tapolie confirmed by all of the factors and the iatgion
relationship between correlation factors. So ineottd confirm the correct Bayesian network topoldtge first step
is to realize associations between nodes througtcdirelation analysis. On the basis of confirmeakk system,
make correlation analysis on factors of crew, Vesswironment and management respectively.

In order to ensurethe scientific rationality of Baian network topology of inland water shippingesafvaluation,
a total of 1092 accidents in the recently 4 year¥ angtze Riverare selected and analyzed. Thesskatel of each
factor above was analyzed and recorded when aderdchappened. PMCC and T test is adopted to corifie
significance level of the correlation. PMCC is edéted and t-test is performed with software SPSB17

Data analysis shows that negative correlation €xistween “age structure” and “fatigue status®esel of 0.05, but
the correlation coefficient R is 0.235, |R|<0.5,"age structure” is not significant correlated witatigue status”.
Negative correlation exists between “operatingatslity” and ‘“literacy” at level of 0.05, but theowrelation
coefficient R is 0.204,s0 “operating reliabilitys inot significant correlated with “literacy”. Negat correlation
exists between “operating reliability” and “adaplityy’ at level of 0.01, the correlation coefficieR is 0.585, the
bilateral probability in t-test is less than 0.8d, “operating reliability” is significant correlatevith “adaptability”.
There is a significant correlation only between éogiingreliability” and “adaptability”. Although #re is certain
correlation among othernodes but it's non-significéhe other nodes can be seen as independerniseven

Negative correlation exists between “maintenancelaull structure” at level of 0.01, the correlatiooefficient R
is 0.663, |R|>0.5, the bilateral probability irest is less than 0.01, so “maintenance” is sigmificorrelated with
“hullstructure”. Positive correlation exists betwethull structure” and “stability” at level of 0.0%ut correlation
coefficient R is 0.408, |R|<0.5, so"hull structuig’hot significantcorrelated with “stability”. lthe 4 nodes of vessel
factor, there is only a significant correlation weén “maintenance” and “hull structure”. There isignificant
correlation among other nodes, so the other nogle®e seen as independent events.
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Positive correlation exists between “depth of cledifamd “flow” at level of 0.05, but the correlatiaoefficient is
0.122, |R|<0.5, so “depth of channel” is not siigaifitcorrelated with “flow”. Positive correlatiorisa exists
between “depthof channel” and “rain” at level oD®, but the correlation coefficient R is 0.069, “septh of
channel” is not significantcorrelated with “rainPositive correlation exists between “flow” and “foat level of
0.05, but the correlation coefficient is 0.199,“Bow” is not significantcorrelated with “fog”.Nedave correlation
exists between “depthof channel” and“vessel dehsitylevel of 0.05, the correlation coefficient R 0.552, the
bilateral probability in t-test is less than 0.8, “depth of channel” is significant correlatedwitzessel density”.
The final result shows there is a significant clatien between “depth of channel” and “vessel dghsit level of
0.05; and thereis also a significant correlatiotween “fog” and “vessel density”at level of 0.0%h€lother 6 nodes
of environment have some interaction relationshap significant, so the other 6nodes can be seendapendent
events.

Positive correlation exists between “safety cheelkid “information management” at level of 0.05, lhe
correlation coefficient R is 0.170, |R|<0.5, sofésa check” is not significantcorrelated with “infoation
management”. The final result shows that theremesinteraction relationship between each nodeafagement
factors but not significant, so these 3 nodes @asden as independent events.

From the above analysis, the Bayesian network tgpodf shipping safety evaluation is shown as Fedur

crew safety ship safetv [ environment safety ] [ management safetv ]

shipping safety

Figure 1.Bayesian Network Topology of Shipping Safety Evaluation Model

BAYESIAN NETWORKALGORITHM OFINLAND WATER SHIPPINGSAFETY EVALUATION

An accident occurs accidentally and randomly, bainynaccidents indicate the inevitability and lawitivthe
understandingof the dialectical relationship betwelance and necessity, stochastic property andamdy, it is a
proper way that to calculate the probability distition table according to the statistical sample.

4.1 Probability table of Bayesian network

Bayesian network model is composed of network togypktructure and model parameters.The previoufsetas

constructed Bayesian network topological structltrés necessary to calculate the probability ofre@vidence
node and the conditional probability to each par@de to get the probability distribution tablecadrding to the
statistics of accident and risk data which concladaim of 1465, probability distribution table abukpresent the
contribution of the factors under different statehe accident or risk.

It is more difficult to calculate the joint probdty distribution of the partial node and the targede. It is
suggested to calculate the probability distributtdmodes with the maximum a posteriori. In statgstmaximum a
posteriori estimation refers to observe point eation of unavailable variable according to empiridata, which
can bring the Prior Distribution of estimator iff@ximum a posteriori. So the maximum a posteristineation can
be regarded as a rule.

It is supposed that the population parameter®t observed should be estimated according to vasen data.
Definef as the sampling distribution &f thenf(x|6)is the probability ok when the population parameterdis The
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0
function 8 —f(x|9) is likelihood function, and its estimatioé’%(X) = arg nglX f(,\"ﬁ) is the maximum

likelihood estimation ok.

Suppose that there is a prior distributignand regar@as random variables in the Bayesian statistics; the
posterior distribution @fis shown as Formulal:
7(x/6)g(6)

T T Wkl )e

g is the domain of g. Maximum a posteriori estimatid target function will be shown as Formula2:
r(x[e)s(6)

[, f[X BJg(a')de'

Software GeNle is developed by the laboratory ef tmiversity of Pittsburgh system decision, whicbhvides a
theoretical model of decision graphical developmemtironment. GeNlehas visualization window, whishthe
biggest characteristic.The static and dynamic modald be established with capacity of GeNle foruaate and
approximate inference, parameter and structuraniteguStatistical data could not be directly used dalculation.
The statistical results should be converted tadtita accepted by the model, under the node doraaitign rules.
Input the processed sample data into GeNle softw@adculate the marginal probabilitiesofall nodeghwthe
maximum a posteriori. Then , the contingent prolitgbof the partial node -"crew safety”, “vesselfesgy ”,
“environment safety” and the “management safetydudth be worked out, too. Partial nodes are diviged two
levels: safety -0,accident -1 . The target noddivsded into 3 levels: safety (no accident)-0 ,decit without
casualty -1 , accidents with casualty -2.

&B)

2

6D’u4/) (X) = arg max = arg max f(X‘H)g(H)

4.2 Inland water navigation safety evaluation model based on Bayesian network

With Network topology structureand conditional pability of nodes,the inland water navigation safetaluation
model based on Bayesian network has been establitlse the GeNle software to simulate the navigasiafety
state of the route segment which is researchelisrpaper. At first,  construct inference networdel in GeNle.
Input the statistical data into GeNlefor evideneasoning in Bayesian network.After network trainingtwork
parameter and network model simulation results comé, as shown in Figure 2. According to the santata
obtained, it is show that in 3 yearsthe shippingtyastatus of the segment isin good condition. Témult is as
following: probability of non-accident is 0.93, tharobability of accidents without injuries is 0.08nd the
probability of accidents with injuries was 0.01. #he same time, this model can reflect the contidiourate of
influence factors to inland watershipping safettest
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Figure 2.Safety evaluation model of Bayesian Network based on GeNle
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ESTABLISHMENT OF INLAND WATER NAVIGATION SAFETY INDEX SYSTEM AND ALGORITHM
MODEL

The previous chapter make a detailed introducéseofmodeling process of inland water shipping yadetluation
of Bayesian network model. Use the model to eveltfa¢ shipping safety condition of a route segnoétibe river
this paper researched. According to the monitodh¢he 22 nodes, bring the data monitored intodhaluation
model, then the probability of the accident anll dsnavigation could be obtained together withresiate of crew,
ship, environment and management .The reason aedesis that, the Bayesian network reasoninget@aisterior
probability.

Algorithm of inland water navigation safety indeg proposed from two aspects, accident probabilitd a
consequences.Safety index could not make accuvateagion fornavigation safety in of a Riverprewébybut also
can monitoring the navigation security situationsTimdex maypush through the limitation of the fivelicators
which only finished after accident and risk.

5.1 weight in safety index algorithm

Using the Bayesian network model can calculateinfand safety state and the safety probability refac vessel,
environment and management. The probabilities ateced as samples to calculated safety indexudirod
comprehensiveshipping safety index, crew safetyexndvessel safety index, environment safety inded a
management safety index. Safety index is gainetdily probability of accident and the consequencacofdent.
The probabilities of different type of accidentsidze calculated by the Bayesian model in the Chdpteso it's
essential to quantize the loss caused by the ausidend give the corresponding weight, which calize the
calculation of safety index.

According to the statistics analysis, most aresrighd accidents are fewer. The safety situatiativisled into 3
states on the basis of casualties. The first iaauidents and no casualties; the second is acsiaétht no casualties
and the third is accidents with casualties. Thereadopts AHP to give weight to the above 3 situed, specific
steps are as follows:

(1) Establish comparative matrix

AHP compares the consequences caused by the 3imituand get the relative severity of consequentas
assessment scale is divided into 5 grades thagcrally serious, a bit serious, quite serious,eemély serious and
absolutely serious. The 5 grades were given theesponding 1, 3, 5, 7 and 9 scores. The othemdsiteetween the
5 basic grades were given 2, 4, 6, 8 scores ragpctThe comparison matrix of consequence cause®
situations is shown as Table 1.

Table 1. Judgment matrix

case Non-accident  Accident without injuries  Accideithout injuries
Non-accident 1 1/7 1/9
Accident without injuries 7 1 1/3
Accident without injuries 9 3 1

(2) Calculate the weight of 3 consequences
At first, it's better to calculate and judge theguactM;of each line elements in the matrix.

Then to calculate the approximate value of weigdtter in each consequence,

Vo= 4l @
Making the vector for normalization processing,
W,
W, = —L—(5)
/4

— T
So W =W, W, Wi is the weight vector.
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With the method above, the weight vector of 3 cqusaces is W=[0.050.29, 0.66]

(3) The consistency check of judgment matrix

As the knowledge structure and judgment standareixpérts are different, the accident consequensesaments
are different. In order to avoid this contradictoitis necessary to have consistency check fojutigment matrix.
In the AHP, brings in the minus average of otharahteristic roots beyond the maximum characterisidt, and
set the minus average as indicator to measurettayizonsistency of judgment matrig| is :

cr = 2 ")
n-1

The greater th€l is, the greater the degree of deviating completssistency for judgment matrix is.The smaller
the Cl is (close to 0), the better the consistency isfeBe@nt judgment matrix has different conformityrarand
requirement ofCl. The average random consistency indicd&brof judgment matrix is brought in to measure
whether the judgment matrix of different order katisfactory consistency. For judgment matrix ¢d D order, the
value ofRI are shown as Table 2.

Table 2. Average random consistency index

1 2 3 4 5 6 7 8 9
0.00| 0.00/ 0.58 090 11p 124 182 141 145

Taking consistency check for expert’s judgment mathe Cl is 0.0401, Rl is 0.58 R is 0.0692, and it's less than
0.1, so the judgment matrix has the satisfactonsisbency. Therefore, the weight of accidents,dsstis with no
casualties and accidents with casualties are 0.29, 0.66.

5.2 Selection of base period

Confirming reasonable base period is one of imporf@arts in establishing index. In order to guasanthe
comparability of index and to make it reflect chismggtendency of shipping safety accurately, indesusd have a
relatively fixed base period which should be stalrld comparable.

According to the actual safety management condiioriver, it's assumed that each node on a cegaiiod is in
the mostly occurringcondition, and set the assupwibd as base period. When the index of repoibg@es lower
than the index of base period, it shows that ndmigasafety condition is better than base peribé, navigation
condition is good; when the index of report perigthigher than the base period, it shows that thieeat condition
is worse compared to the base period, the navigatimdition is not good. Based on the advice of agament
department, the evidence node condition of basegéer shown as Table3.

Leading the condition grade of base period node tihé Bayesian network model, the probability distiion of
goal node and partial node on base period can taéneld, which is shown as Figure 3.
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Figure 3.Probability distribution of node in base period
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Table3. The state of evidence node in base period

Zy | 2y | Zs | 2y | Zs | Zs | Zy | Zg | Zo | Zac | Zna
1 1 1 1 1 1 1 1 2 1 0

Zyy | Zua | Zaa | Zas | Zag | 27 | Zag | Zao | Zoc | 2 | 2o
0 1 0 1 1 1 1 0 0 1 1

5.3 Confirm the index of base period

Leading the monitoring data into the Bayesian netwoodel I, the probability? of 3 safety situation on the period
can be calculated. Considering the influence ofediht safety condition, the comprehensive conditié inland
water shipping safety can be calculated as Forifula

IS =Y P OF;n =123 (D
i=1
IS the comprehensive condition of inland water siigpafety;
P;- the probability of situation
W -is the weight of situation

Based on the above formula, the comprehensiveysafetdition can be calculated, the report setsstifety index
of this safety condition as 100, which is easyndarstand because of the international practicgritsee the index
change in percentage directly. For instance, wihensafety index of base period is 124, it's thoutatt the
condition is 24% worse than the base period.

5.4 Calculate the index

Inland water shipping safety index is the comprehendynamic index evaluating the shipping safétye higher
the index is, the more the risks are; otherwisghiws that the risk is less. In a similar way, & establish the
partial index for different river, when the riskdiex of one river is high, it shows that the risks ®oo much, vice
versa.

It's assumed thatiis the inland water shipping safety ind@xis the probability considering all the facteovss the
weight under different condition.The subscript Ghe value of base period.The subscript 1 is tHeevaf report
period. The subscriptis the grade of accident.

DEMONSRATION

Take the state of a route segment on June6th, 80T&search object to calculate the shipping séfielyx. The
mariners deducted 42 points because of operatiamstgrules.The number of registrationmariners mgdollege
degree or above is 2258.The per capita number dghera taking part in training a year was 0.75.phgportion of
new mariners whose working year on board below&ts/ér crewis 21.9%. The insufficient ship manniate on
June is 25.3%. The average continuous working haxg$.5 hours.The number of registration crewaietween
30 and 39 is 3089.The aging vessel has a proparfi@b.57%. The average overload rate on Juné® All ships
on river equipped with VTS/AIS/GPS/CCTV. Little nafo cloudy, bias E is 2 to 3 grades; the wateelléy 5.17
meters. The vessel traffic flow is 461.

Bring the value node in the Bayesian network moblet,different from the common node, the value nddesn't
reflect the probability distribution of differentasus grade, it only bases on the conditional pudity table and
single value of father node.This paper sets “shiggiafety on Yangtze River” node as father nodeabfe nodd S,
based on the different weight of each accidentfandula 7. The conditional probability table of reddis shown
as Table 4.

Table 4.Conditional probability table of IS

Case | Non-accident Accident without injufe  Accidemntnjure
weight 0.05 0.29 0.66

Leading in the software GeNle, the result is shasnFigure 4.Through the above calculation, it shtves the
comprehensive safety index of this river on Jurte 811 is 108.7, which explains the condition detated by
8.7% compared with the base period. And the ojb shin aground in the middle reach that day, stdts that
safety index can obviously reflect navigation safaindition in the Yangtze River

The crew safety index, vessel safety index, enviremt safety index and management safety index@e 123.1,
100 and 95.4, the vessel safety index is highem tha comprehensive index, which shows that the \esdel
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condition is the main reason to cause accident, an@nenvironment factor are basically same withbidiee period,
it's a normal state. The management safety ind€%i4, which is the lowest in the 4 partial nodeshows that the
shipping safety management condition is good.
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Figure 4. Probability distribution of node monitored in real-time

CONCLUSION

The perspective of systems engineering could helpdect a comprehensive conclusion and analysisttfer
shipping safety factors. Establish the Bayesiawoet model based on the mass data to obtain thesilootion rate
of shipping safety factors under safety conditibrotigh reasonable reasoning. The Bayesian netwodehtan
measure the actionmechanism of the factorsin cgussk and also reflect the navigation safety staflihe
comprehensive total index can reflect the chang#rgction and degree of total safety conditiord &@rcan provide
foundation for management department and shippittgrerises to make reasonable plans. The pariigxirtan
indicate the main factors causing the accidentkimgathe solutions more targeted. Besides, it thaatage of
minimizing the loss. The safety index quantifiee tinland water shipping safety state continuousty a
dynamically, which is beneficial to monitor inlastipping safety and guarantee safe management.
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