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Ab mct：UDderthe as∞m 血址the opt~al 8emmriflescaⅡbefoundfor 帅 心 ∞ rule．we analyzethe~Otl- 

difiom re~a]l1．ginthe pc Ⅺ m∞e【州  and stlpe．1~ ty betwe~ 如 nd h g,mml di曲曲 mullis咖 decil~n 

~tmls．To曲诅iⅡglol~yoptimal pe埔瑚 m∞ a system，by叩p1yiDgthe abovetest~ ， c丑Ⅱ 妇 allIJ~ilale血 

rolesinto e【 m∞ cIa鹞es offusionroles and c0I玎 t,erfomm ~ betwe~ 8ameoftheequivale~ class~ ；Ib簋妇 ，the 

m卫 ofthevaluablefusionnd wiDbeied1．1cod greatly．Moreover．the above amlysis doesnot dEp曲d011the曲 0p- 

ealles ofthe曲醒rv出 data a,S we31丑sthe Ob~ VC 0f叩血 a cetutin systemperrQrma~ ． 

1 wOlds：data fusic~；iImllisemor出dsi咖 sl衄 ；fusion mI 

DOOnnont code；A 

分布式多传感器决策系统融合律的等价类 
朱允民 游志胜 

(四川大学数学学院-成都．61ee64) (四JIlI大学计算机科学学院·成都．61G064) 

摘要：在任何融合律给定后最优传感器律能求得的假设下．我们分析了导致融合律之问等价性和优越性的条 

件．应用如上结果，欲获全局最优的系统性能，我们可以划分所有可能的融合律为若干等价类和比较某些等价类之 

问的性能．于是有价值的融合律等价类数目将大大减少，而且上面的分析并不依赖于观测数据的统计性质和优化 

系统性能的目标． 

关键词：数据融合；多传感器决策系统；融合律 

1 Inla'oduelJon 

Consider a distributed multi．sensor systl~l maldllg a 

dE：~Jsion which日ne 0ccurs amoxl~mut~le hypothe~s． 

The data collectl~ bythe se ors arefirst ptDc 1o- 

callyto compressttlem to 0Ilco1"afew bjnary digits(in- 

folll~on bits)．which arethen~ ttedtothefusion 

centerthat makes a decision by combi~ the received 

set oflocalmessages u妇 a giw fusion(ftaal deci- 

sion)rulewiththe objectiveofoptlmizln~a cetlain sys- 

tern perfomla~ ．Therefol'e，to obtain globaUy oplSmal 

perfomaa~ of a sysmn．we shouldfind an optimalfu- 

sion rule andthe ccⅡ％p。DdiDg setofoptimallocal corn- 

1)ili on roles．However，tiffs is a very diffi cult task 

Sil~e optimalfusion rulein general depends Onthe sta- 

tistical properties ofthe observation data as well the 

objective of optimizing the sysl~ perfonm~ ．To re- 

dtw．e the number of fm ion roles which are needed to 

checkifitis ol,timal，when all stm∞rroles are give．， 

and s目1∞robservation datam ,x~ tiomllyindepelxlent 

mutually well ≥ ，wb∞  and are all 

the目日ls0r probabila~Jes of d~ clJOll andfalse alert re- 

spee~vely，allmaotollicfusion nile was defined andthe 

optimal fuglon nile c∞ be fianad in the clal~of111O11O- 

tonic fusion rules(s。e[1]and[2， m吐 3．3．1， 

Page 63])．Inthis way，thefusion roles considered C4111t 

be reduced gn,atly．However，this ll~．flt is not suitable 

to global system optJmlza~ because all seⅡ∞r roles 

w∽ assm'aedto be gi、 址rcady． 

* Ⅶ蛐 il∞ ： ItedbytheNelional 州 “ ofalina(970211O17)．and of~1aina(~074017＆69732010) 
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Inthis article， file point of view ofglobally op- 

ritual perfom~ ce．we analyze the equivalence of SOtll~ 

of the fusion rules for general distributed multisea~or 

multi-hypoll'~sis decisi~ probl~n．Tofocus On c~npar- 

ing the r~rformances of different fusi~ rules，~Llppose 

one can alwaysfiad 0ut op~mallocal compression rules 

for any given如曲0n nile(for a specific algori~m，cf． 

[3，4])．Aftermaking such an assumption，we can coll- 

cenllate only Oilfll~on rules show underwhat condi— 

tion two different fusion rules aIe actually equivalent 

wiflathe＆I【nefinal o0st．andOllemay be supeliorto all- 

Othe~．Thus．by paca~oningthe sel 0f allfllSiO[1 rulesto 

equivalence classes， comparing performance betwoen 

some equivalence dasses and dfI概 off ltlose“WOI'~” 

fusion role dass~ ． the“mnb口 of the valuable fusion 

ruleswill be reduced，such a,Sfrom 16to 3fortWO sen- 

sot binary decisi~ syste~a．or flora 256 to 32 for three 

sellsorbiaary decision system ．ForlnOI~generalmulti- 

sens m-~ay decision蹄哑咖ns，0凸e can use computertD 

analyze valuable fusion rules aecoratng to the results in 

Ilais p{jper． 

2 Problem formulation 

2．1 Model 

W e consider m hypotheses：／tl，／t2，⋯ ， ，multi— 

sellsor(multiple observation data)Yl，⋯，yl distributed 

decision d'km．A set of local cOlllpll~sion nlles； 

(，(I ( 1)，⋯， · ( 1)；⋯； ( )，⋯， (y )) 

compresses data yi to rI(≤ Z)infon-aation bits at each 

nsⅢ，i~spectively．Ot~viously，different binary dig- 

its can c。m to differentintegers， isto say， 

the ith sens qulmtizesits observation data to2'i dif- 

fere~ integers． 

ThefllsJonnile—finaldecisi~ rule ofthefusionf．~n- 

letis given by m m．valued function F(，(1 ( 1)，⋯， 

，fr- (，1)；⋯； ( )，⋯，，{rr ( ))：IO，1}∑ 
‘；】 

l 

卜{0，1，⋯，m一1}．Denote N=∑ n．In fact， 
i!l 

abovefIlsi0n role divides a set of 2 differentN-tuples 

( ’，⋯，，f， )；⋯；，}”，⋯，，}1 )in协m disj~nt sub． 

跳 generally．TheⅡmnb口 of all山e above different 

口a 0nsism2"
．
In addition，afixedfusionmlewith a 

v岫  k~eal∞IIlprcs mles c锄 p劬 ∞a variety 

setof dif§em nfinaldeeisi~ Ie{ ons，whichiscalled山e 

variety sdof矗rlal decision把鲫  魃删 by isfu· 

si0nll】le．Tile goal of 0I dism~ ted扛哪山i 蝴 deci- 

sivaisto 6IId a globally op血 6nal de 咖 of 

( I， 2，⋯， I)determined by an op曲 pamd0n of 

f 

山e set of∑ ．mples( ，⋯，，(，1)；⋯；，{I)，⋯， 
i=I 

)强d血e c0埘espc咀血培 唧血】al 10c砒 com口ession 

roles tominimize a ：sir0d cost如 伽旧1．SI pOse 0Ilc 

caI1 always丘Ild out 0pdrnal seI mles solutionfor any 

given COSt矗m 0玎a】and any fi 。d 缸 d0n II】lc； 】S． 

~nimizingo0stfunctie~laljustdepc【lds o血me v~ety set 

of山e final decision regions generated by 山e fusion 

role． 

2．2 S0nt definitions 

DeI一卫li岫 l IftWOfllSi~ ndcshave山e sa【ne gen- 

el~ed v~ety set of final ded 0n T olIs， lb are 

c．alledto be iva1ent．Clearly，memlnin~lm Oos坞for 

吐1 equivalent onmles aIei~atica1．Collecting all e- 

v蛐 fhs mles yiel出 a fusion role唧 砌ence 

class． 

Def．ⅡIm ∞ 2 If山e va血曰 set of矗nal d。d面0nIe一 

百∞s generated by血e丘1虬fusionrole is a real sl】bs眦of 

ⅡIe variety set off砌 decisiDn吲 0ns generatedby 

sec,ond衄e，we caIItheIa旺盯 tD be sIlpcd0rtDthefor— 

m  ． 

Obviously，Definition 2 is reas~mable beca吡8e oI 一 

面 zati0n resulto'~3r 苫日 d0【nainis mp既i0rto thatover 

mnal1目 dm ain． 

Defi眦 0n 3 We calll一，I )( )Ⅱle con~lemen一 

哪 _删l f1．1n~on of， (yf)．Obviously，1一 

砖 ( )is aL∞a∞IIl cs mlefor datayi，柚dits0 

c0珂 i0n re 0nisjustme l∞IIlprcs Ie垂0n of 

( )，i-e_ 

{ ：1一 ( )：0t={扎： ( )：1；． 

3 PrOl~ itmns 

Using me above def~idom ．we have 山e fvllo,~ng 

tWO W~ sidom to Classify 0n nl】es ld m 

pcd m棚 b靠哪 tWOfusionmles． 

Pr0 删 m强 1 Ifa 0nmle co邮 from all 

fusion mle by ch％百ng sonl~of me local∞m s 

mlesinmelatterfusionmletD r~ plementaryin- 

di~ltor矗加cI 0IIs，Ⅱ1e bOlllfusionmIcs aIe eq M 瓤c． 
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Now wegiw ∞ exampleto show twofusionmles a 

equivalent．Suppose 

M5 )={(Y1，Y2)：(Ii(y1)：0，，2( )=o)} 
and 

M ：{(y1，y2)：(Ii(y1)=0，12(y2)：1)} 

aretwo different凰 decision regionsfor2 sens0r binary 

decision problem ．Inthe sequel，for notational simplici— 

ty denote the abovetwo fusion mles by 

{(Oil),0‘ )} and；(1(“，1 )I ， 

respectively．By Proposition 1 the two fusion  rules are 

equivalent． 

From Definition  2 we have 

Proposition 2 If restricting sollle ofthelocal coin- 

pre$$1Ollmlesin afusion ruleto beidenticalto1 or 0， 

i．e．，only on e choice above for those local sensors oi" 

mles，can anoth~ fusion  rule，the former shc~ld 

be sI】p耐 Ⅲ tothelatter． 

For example，the fusion nile{(1 ”，1( ))} should 

be sup~or to血e ftt~on nile{(1(”，1( ))，(1(”， 

0‘ )Im becausem；ⅡjcdDg血e secondlocal compression 

rule12(Y2)；1inthefirstfusion nile yi~asthe second 

ftt~on nilejust like igno血g the observation data ofthe 

secood se∞0r． 

In the above m'gument．only local cc~pression re一 

百0ns and dt，ci ~gions are considered，no略t 

type and o0st functional are involved；therefore． the 

above results do not d印∞d on  statistical properties of 

observation  data，and holdfor all other distributed deci- 

sion problems．such as Neyrean-Pearson 伦st． 

4 Applications 

We c∞ now aPPlYthe abovetwo propositionsto ana- 

lyze any two fusion mles if aaey are eclmvalent mld if 

锄emay be sl to 10( ． examples，the anal— 

ysisresults fortwomost popular distributedmultisensor 

decigion  systems am 删 below． 

4．1 Two s翻茑0r bjinmydecision 

Suppose each sensor∞mpI its observation  datato 

1 information  bit．T~ Ile exist 4 dit~tent sets of local 

messages asfollows： 

(0(1J，O(2))，(1(”，O( ))，(0(”，l( ))，(1(̈，1( )． 

Clearly，血e，canproduce16 differentfusion rules． 

I 1-set-of-local·message case． 

I(o(”，0(27)1／／'o ， 
”

，O‘ )} ， 

I(oc”，1‘ )} ， ”，1‘ )} ， 

which 3_re all equivalent to each other(OR rule for HI 

decision)． 

II 2-set-of-loca1．message case． 

1) {(0(̈，0(∞)，(1‘̈，0(∞)}乩， 

{(0(̈，0( )，(0(̈，1( )}乩， 

{(1(̈，1( ))，(1(̈，O( ))}m， 

{(1(”，1[2))，(0(”，1( )}m． 

．nI are dividedintotwo eq ，alence clB$84~(ignoring 

S口 0f1 ol-~I18ol-2)andbothm woTsethanClass I． 

2) {(0(̈，0( )，(1(̈，1( )}m， 

{(0I”，1( ))，(10)，O( ))}H
a ~ 

They are both equivalem to each olhl~(XORmle)． 

Ⅲ3-set-of-local-fnessage case． 

{(0(”，0( )，(0(”，1( )，(1(̈，O( ’)} ， 

{(1(”，1( )，(O‘̈，1( )，(1(̈，O( ’)} ． 

They are both equivalentto each olhl~(AND ruleforH1 

decision)． 

1V 4-set-of-local-~ e case． 

{(0Ï，O( )，(0(”，1( )，(1(̈，0( )，(1(”，1( )}m． 

This fusion nile implies that恤 fusion c~ltes always 

mys凰 0ccIⅡs nomatt~what data are observed atthe 

two local ．It can also be re IId。d as a special 

OR mk with the two p吕吐 local c0加pl髑 0II roles 

(，1(Y1)；0，J2(Y2)i 0))；fl~'efore，itiswors~“m 

OR nlle aswell asClassⅡ． 

V 0-set-of-local-message case． 

Here 0-set-of-local-message case n s the fusion  

oenteralways choosesH1for anylocal observation data． 

Similarto the last case，it is w0I吕e than OR rule and 

ClassⅡ． 

To sm  up，in two Se僦 bjI删[y dc~ on ca辩，16 

fusion  rules are dividedinto 7 equivalence cIBs$1~ where 

only 3 classes are valuableto find optimum fusion 

mle and the c0 esp(衄血ng 2 ca佃 =e!商on rules． 

4．2 Tlwee sens0 binarydeeisi~m 

Still， 科)0se each sens0r c0∞ its吐 蚯 锄 

datato 1 m oⅡbit．There exist 8 diff~ent sets of 

localmessages asfollows： 

(0(̈，0(2)，0(3))，(1("，O( ，0( )，(0(̈，1(2】，0( )． 

(00)，0(2)，1(3 )，(1(”，1(2)，0( )，(1(”，0( ，l( )， 

(O(”，1( ，1(3 )，(1(̈，1( ，1( )． 
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Clearly，血 cm pIⅨhlce 256 different fusion rules． 

u她 the above two propositions and the similar 

mettKx1． cm  show there are only file following 32 

valuable equivalence classcs of the fusion rules in this 

case．If know Ⅱ叼僻 infolmation about sensors．for 

examplethe HOIs are allidentica1．the number ofthe 

valuable。【 iv mce da5scs will be reduced again ．In 

the above example，theywill be reducedto 16 valuable 

_蚰 rules． 
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