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Abstract：This p印er info册ally in仃oduces colored obiect．o“ented Petri Nets(C00PN)with the
印plication of the AUV system．According to the characteristic of tlle AUV system’s 11J肌ing

enVironment，the o巧ect-oriented method is used in this paper not咖Jy to djspart syst锄modu】es but also
constnJct the refined nlnning model of AUV system，then the colored Petri Net method is used to

es诅blish hierarchically de协iled model in order to get the pe响rnlance analyzing inf．omation of the
system．ARer analyzing me model implementation，the e盯ors of盯chitecture desi印ing alld mnction

realization c锄be found．If the errors can be modified on time，me experiment time in me pool c肌be
reduced and the cost can be saved．
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1 Introduction

The autonomous underwater vehicle(AUV)svstem

belongs to complic舢ed nonlinear system．The system

operatjng enVironment can be influenced by many

f-actors such 嬲 the pressure of t11e underwater

environment and the raDid attenuation of the radio

wave and 1ight wave in the watec So the control of the

AUV naVigating，the seloprotection，the environment

recognition and modeling method of the system are

more important and more dimcult than other svstems．

On the other hand’the experiments of AUV in the

pool are ve呵strict with the devices and environment．

And the cost of the experiments is very high．So it is

ve巧 significant to establish the 如nction and

perf-o衄ance emulator model of the AUV system and
to analyze with it．At present，the main modeling

methods of the AUV system arc hierarchaIlv analyzed

by the obiect-oriented modeling method【¨．

The Pe仃i Net theo巧has been widely used in many

areas．1t belongs to the mathematics modeling method

of graph． It is a useful tool in description of

information management and modeling．With tlle
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development of Petri Net theory，many other坶pes of

Pe州Net theories were put fonⅣard，such as time Petri

Net(TPN)，colored Petri Net(CPN)o川，obiect．ori曲ted
Petri Ne“OOPN)，predication／tmsition Petri Net
(P厂rPN)and so on，most of which were called“high
leVel Petri Net”orienting towards the engineering

印plications川．The印plication scale is increasingly

extending．According to the stmcnlre and perf．ornlance

of the AUV system，the colored object．oriented Petri

Net (COOPN) is infonnallv introduced as the

modeling method of the AUV system in this p印er．
This application has resolved twO questions，the first

one is the classi6cation of the AUV如nction model bv

object—o—ented method，and the second one is the

description of inner如nction rcalization model with

the substitution mmsition in the Colored Petri Net

methOd川．

2 Colored obj ect—oriented Petri Net

Traditionally’ Petri Nets are dra、Ⅳn with ovals

representing places(which hold tokens)，rectangles

∞epresenting tmnsitions(which change the dis砸bution

of the tol(ens and hence the st2rte of the net)，and

diI．ected arcs(which indic alce how transitions afI’ect

nei曲bo血g places)【)J．For CPN，tokens haVe锄
associated data value．Places are then撇otated to
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indicate what type of Value they hold，arcs indicate

which Values are consumed or generated(possibly by
use of Variables)，and transitions can haVe a guard to

mnher constrain their enabling【6】．

COOPN applied the color set，substitution tmnsitions

and Variable bound conceptions in the Petri Net

implementation．So the prope啊state changing can be

leamed with the object—oriented Visual chamcteristic．

Definition l。l’he CoUPN can be detmed as a duallty

group：

cooPN={obj，尺)，

whereobj={objf If=1，2，⋯，刀)represents the objects

set；R={勘lf√=1，2，⋯，肌)represents the relati。n
set ofthe obiects：

The communication relation bem7een the objects can

be represented by

吩={oMPf，Gate扩，IMlIf≠／}，
here Gatej， is a special transition called“Gate”

Transition．which can be used as the mnction of

message transmining．

Definition 2 0bject 0bjf is a colored Petri Net：

DNd={∑，尸’z爿，M C，G，E，}
where

∑ represents a non—emp够Tbken color set；

尸represents the finite place set：

P={昂，兄}，

足 represents the basic state place se；

兄={兄o，PM) represents input。output message

place used as the message transf．e玎ing beMeen the

Objects；
丁 represents the finite transition set；

彳represents the finite a∽s set；

Pnr=刚=列=痧；
Ⅳ is the node mnction．which c锄be defined as

Ⅳ={彳寸(尸×丁)u(r×尸))；
C represents P—争丁 as the color如nction；

G is a def．ence mnction mapped丁tO Boolean：

Vf∈丁：Type(G(，))=B^Type(Var(G(f)))c∑；
E is an arc expression如nction defined as 彳 to

J．Marme心cL Appl．12u08)7：2’73-277

E(口)，where

妇∈爿：{聊(E(口))=c(p)胚^Tl驴(V越(E(口)))∈∑}；
，is an initial fuTlction m叩ped，to P，where

Vp∈P：Type(，(p))=c(p)Ms．
Note：B represents the Boolean variation as tme or

false； c(p)Ms represents the multi‘set in the color

set c(p)．

DennitiOn 3 ONet transition set

丁={耳，五}，

where，耳 represents the basic transition as weU as the

transition in colored Petri Net；疋 is the substitution

transition that can be used t0 describe the complete net

structure to realize the detailed hierarchical svstem

model．

The example in Definition 3 is an insta【nce 0f the

substitution transition．The example uses the motiVit)r

subsystem as a substitution transition．

3 AUV system modeling and analyzing

According to the system architecture and mnning

features of the AUV system，the whole modeling

process is diVided from t叩to bottom．The process can

be diVided into three steps：

Step 1： Analyzing the architecture and running

features of the AUV system，the system can be divided

into severaI associated subsvstems(control subsystem，

real—time inspection subsystem， naVigation location

subsystem，motiVi锣subsystem，thmster subsystem

and info加ation measuring subsystem)． These

subsystems can be modeled with subobjects． The

communication be铆een difrerence obiects can be

implemented by the message places and gate

transition．Thus me AUV system 1ayer model can be

obtained．

Step 2：Modeling eVe呵subsystem into subobjects

depends on the definition of COOPN．Then the model

ONet ofthe subsystems can be obtained．

Step 3：The instances of each subsystem will be

care向Ily analyzed．And with the replacement Of the

substitution t啪sition the detailed process of the
如nctiOn implementation will be known．
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3．1 The modenng ofAUV system layer

This part takes the motivi哆subsystem of me AUV

system as an example． As the AUV moves，the

decision．making is made by the control system．The

con仃Dl subsvstem sends Out me order．The order is

transfen．ed t0-the motivitV subsvstem． The order

requires the motiVi够subsystem to supply ene唱y．This

order is implemented by output message place of the

con协ol subsVstem．After the motivity subsVstem has

receiVed the order，the system s伽s to supply ene唱y-
At t}le s锄e time，the real time inspection subsystem
inspects the motivity subsystem and feeds back the

inspecting info唧ation to the control subsystem．Then
the control subsystem can give me next

decision—makin2 with the received info硼ation．A1l
these actions can be implemented by the inpu怕utput

message places of each subsystem．

Fig．1 only giVes the subsystems related to the motiVit)r

subsystem． In fact， the processes of message

transferring are the actions implementing procedure．

In Fig．1，all the subsystems are encapsulated imo the

nlodules．And the inner details of the nlodules are

tmnsparent t0 the outside．Communications of each

subsvstem can only be implemented by the

inpu“output message places and the gate仃ansition．

Fig．1 System layer model ofAUV

3．2 The modeUng of subsystem laye体

Fig．2 is the motivit)，subsystem model．In the model，

there are several outer message places attached with

the motiVity subsystem．There are input message place

‘CtrlOrder’f．rom the control subsystems and output

message place ‘SysRunMes’ to me real—time

inspection subsystem． In Fig．2 the仃aIlsition
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EnergySupply in the rec协gle is a substi枷on
饥msition representing the energy supplying．

InMes

outMes

Fig．2 COoPNmodcl of eneFgy system

Fig．3 shows the ColOr set and Variable definition．

ARer detailing the substitution transition the‘Ene理拶

supplying of EneI?gy System’subnet model can be

obtained．See Fig．4．The token was defined according

to the CPN ML definition．

F培3 Color set锄d Vamble defhlition

As the restriction of nle tecllIlology at present，the

energy supplier is always the battery pile．In this

ex锄ple，Battl锄d Batt2 are弱sumed舔the energy
supplier．Three at仃ibutes can be defined to me batte巧

piIe．They are respectiVely‘EleCap’representing ttle

electric畸capabili吼Valid时锄d ‘Ba仕Weight’
representing the battery pile’s weight。

In Fig．4 the place‘BattAVailable’repre∞nts Battl and

Batc2．It is fke and in useable state．Its in“ial value

c锄be represented with 1’(1，bs)++1’(2，bs)．When

the message‘StartSystem’缸Dm input message place

arriVes，the system will start to supply ene唱y．AR∞
the action of supplying ene唱y，the in_put message
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place‘SysRunMes’will receiVe the ene唱y supplying

infomation frOm the system． AlI these can be

modeled with the method talked above．The reachable

StanSystem <

，／二==j、、哑!Q里竺?InMes
StartSvstem
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tree can be got f而m the model．Thus the process of

the ene唱y supplying can be analyzed．

1’f1．bsl++l’f2．bsl

Ba优Available

(f，bs)上Battsupply

StanSupply

(f，bs)上

B。ttsupply<童竺娑
(f'bs)上

CompleteSupply

ConlpleteMes

(f，bs)

7'bs)

ContinueSupply

＼‰等／
巡些蒜}——1瓣嘲协k’
F嘻4 Enefgy supplying ofenergy subsystcIn

3．3 Analyzing the energy supply subsystem

The initial state of system can be represented by厶．

厶={startsystem，(1’(1，bs)+1’(2，bs)，o，o，o，o)}．By
analyzing the process of enet酎 supplying 0f the

motivity subsystem，the state reachable tree can be

obtained．SeVen t)，pes of tenllinal node That means

the system has seVen temlinal states：

^’=(0，1’(2，bs)，0，0，0，CompleteMes)

如’=(0，1’(1，bs)，0，0，0，CompleteMes)

厶7=(0，0，O，0，0，(CompleteMes+(1，BanIrreparable)))

厶’=(O，(1’(1，bs)+l’(2，bs))，O，0，O，0)

厶7=(O，1’(1'bs)，0，0，0，(2，BattInIeparable))

厶7=(0，l’(2，bs)，0，0，0，(1，Ba仕Irreparable))

厶’=(0，O，0，O，0，(1，B删rreparable)+(2，BanIrreparable)

From analyzing these te册inal nodes，the mnction

implementation of the system can be leamed．

CompleteRepair

(f，bs)

FailtoRepair

Consequenny me en．ors in me sn．ucture design and

running process of the system can be found．The state

analyzing figure based on the reachable tree can be

obtained．From Fig．4 it can be leamed that if the

battery pilc can be repaired，the problem wiII occur in

the oVen)l，eight of the batte叮pile(hyperMax)．So the

system can resolVe the problem tllrough abandoning

the load．If the banery pile can’t be repaired，the

problem may be out of date or shonage Of ene唱y of

the battery pile．Thus the AUV system can’t finish the

repair with the control subsystem．Therefore，before

AUV carrying out the tasks，the ba溉巧piles should

be checked up care如lly， otherwise the control

subsystem should improVe decision．making to solVe

the problem．

Fig．5 Ene固7 supply state analyzing

哟
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5 Conclusions

This paperhas inf．o胁ally introduced OOPN and has

identified the kev extensions over CPN．The most

distinctive feature of COOPN is the unified class

hierarchv which allows both tokens and subnets to be

defined bv classes and arbi仃；lrily intermixed．111is

provides direct support for models with multiple

leveIs of activity' and gives the modeler圈他at

flexibility in the choice of modeling conlponents as

active or passive．COOPN supports the abstmction of

both places and仃ansitions，leading to the notions of

super places and super transitions．While the emphasis

of this paper is infomal，some of the theoreticalissues
pertinent tO COOPN have been discussed，particularly

the implicatiOns rcachability analysis is feasible．

According to the structure，fhnction implementation

and special mnning enViro砌ent of the AUV systeln，
this paper mainly giVes a modeling memod． The

method based on the COOPN gives a solution of

es切blishing the model of the tasks implementation of

the AUV svstem．The nodes in the model are仃om the

theon，of the Colored Pe打i Net．The a仕ributes of the

node can als0 be clearlv understood．The reachable

仃ee can be also established f．rom the model．The

infomation of the net system 11Jnning state can be

leallled行om analyzing the reachable tree． These

info硼ation con．espond to the 向nction

implementation of the AUV system．Thus the

modeling method caIl also provide the foundation of

the AUV system perf．o衄ance evaluation．
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