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Abstract：Neyman—Person criterionin hypothesistestingis amethodbased onthe probability rate for problemslike classi 

fication，detection。and pattem recognition．Solutionsthrough neural networktothose problems wouldbe very desirable．How 

ever，thetraditionalleast squarelearning algorithms，like backpropagation，provide no guaranteefor success．Thispaperintends 

to improve a kind of non-least-square learning algorithm，decide the criterion ofthe probability distribution and give a better al- 

gorithm based on the absolute ell'Or．Aside from theoretical argument，the propos~ algorithm is examined on a simulated prob- 

lem and COlllpa~ with other algorithms．The simulative result proves that the new algorithm has fewer elrors and is mole suit- 

able for the Neyman—Person criterion． 
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Neyman．Person准则的神经网络实现新算法 
王 祁 沈国峰 张兆礼 

(哈尔滨工业大学 自动化测试与控制系·哈尔滨，150001) 

摘要：假设检验中 Neyman Person准则是一种基于似然比的信号分类、检测、识别方法 ．神经网络是实现这种判 

定准则的优选方案 ，但是传统的最小平方学习算法 。如 BP算法等，往往不能取得全局最优解 ．本文针对一种非最小 

平方学习算法 ，提出了一种概率分配原则 ，并给出了一种 Neyman—Person准则的神经网络实现新算法 ．文中对新算 

法在假设检验中的应用进行了仿真验证，结果表明新算法具有更小的误差 ，更加适用于 Neyman-Person准则 ． 

关键词：神经网络 ；数据融合；假设检验 ；Neyman—Person准则 

1 Introduction 

Hypothesis testing plays an important role in object 

detection，which is based on the statistic theory and has 

a lot of criterions， such as Bayes criterion，Neyman— 

Person criterion，min-max criterion and so on．These 

roles ale widely used in radar signal detection，multi— 

sensor NDT (non—destructive testing)data fusion and 

medical diagn osis．Many research works have been car— 

ried out to realize these criterions and methods．SOlu— 

tions through neural network to those problems would be 

more po pular ． 

BP algorithm is a widely used algorithm for feed--for·· 

ward neural netw ork[川
． It is a least square learning al— 

gorithm and has some demerits[z,3]such as slow learning 

speed， less stabilization of the learning and memory， 

and so on．In some cases its operation result is likely to 
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only get the local minimal po int．Therefore it provides 

no guarantee for success to realize those criterions in hy— 

pothesis testing．Bamard【 J gave an example to illustrate 

that BP algorithm can not be  used to realize the Bayes 

mle． In this paper， we im prove one non—least—square 

leaming algorithm to realize Neyman—Person criterion 

used in data fusion，decide the principle ofthe probabili— 

ty distribution and give a be tter algorithm based on the 

absolute elTor． 

2 New neural network rea!i~,ation algo- 

rithm for N．P criterion 

Neyman-Person criterion is very im po rtant in data fu— 

sion．Its object is to maximize the detection probability 

subject to a given false alarm probability．We will make 

some definitions be fore the following detailed discus— 

sion．H1 and Ho represent two hypotheses． represents 
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the detection probability(Pa)，which is the probability 

of deciding H1 when HI is active．o／represents the false 

alarm mte(p，)，which is the probability of deciding H1 

when no is active． 

As for the neural network is shown in Fig．1，there 

ale N neu~ons in the input layer，whose input is ，re— 

sponse function is T( f)，threshold is 0i，and output is 

／ti．There is one neuron F in the ouput layer，whose re— 

sponse function is Tr( )，threshold is Or，and output is 

／tF．The weights betw een the input neurons and the out— 

put ne1．Lron ale f，and 

)： ， 

{( )}： 

(1) 

，Ⅳ． 

(2) 

F1g．1 Neural network structure 

IIl the input layer，the input f can be considered as 

廿1e ith sensor’s output
． The output of the input neuron 

can be  calculated as foUows 

㈤  

IIl the output layer．neuron F is the fusion center． 

There must be a decision ‘randomizing constant’ ，．， 

thus we have 

／／'F 

1， if∑ f>0，， 
i=1 

Ⅳ 

1 with probability r，if∑ 0，， 
i=1 

0， otherwise， 

(4) 

where r∈ l0，1 J． 

For the neural network sho wn in Fig．1，the new algo— 

fithm is to assign the given Pfinto the different stages in 

the data fusion according to some principles that the in— 

put layer realizes the g(o／)and the output layer realizes 

g (口)．Then the samples {)，￡}／-~-l are input to get the 

trained parameters{01，02，⋯，0N，Wl，w2，⋯， Ⅳ，0，， 

r1．In the layer-by—layer(uIL)algorithm[ ，both the 

input layer and the output layer realize the false alarm 

probability o／．However，because of the uncertainty and 

inadequacy of the input samples，the problem becomes 

very complex．So the LBL algorithm has big error and 

need more training da ta．In the new algorithm，we de— 

note g (o／)=o／．If the data input to the input neurons 

have the same diswibution，we have 

g(口)：cc(1一 )a， (5) 

where 0< Cc<2．IfN < k，then = N ．IfN ≥ k， 

then = 1．If the data transferred to the input neurons 

have different distributions，we have 

gi(口)=w'‘a， (6) 

where g (o／)is the false alarm probability realized by the 

neuron i． ‘is the parameter defined  according to the 

distribution an d 0 < wi< 2
． 

2．1 Determination of the thresholds of the in． 

put neurons 

Under the following assumptions ： 

1)The input data f is independent． 

2)For the functionf( ，1)， ko，kl(0< ko< kl 

< oo)， 

ko(1一 ) ≤EIf(x，1)}(1—0)≤ kl(1一 ) ． 

(7) 

3)For parameter l：vartf( ，1)}≤ 盯 < ∞ and 

{c }satisfies： 

∑c ：∞ 。n一一 
n=1 

Blum[6]certified that 

and∑c2 ≤∞， 
n=1 

(8) 

l +l=l 一c [f( ，l )]，n=1，2，3，⋯ (9) 

must converge to 0 with probability one． 

Fo r the neural netw ork shown  in Fig．1，we give a re— 

cursion formula： 

0Ll=0 +c [ ( ，0 一g(a)]， (10) 

where)， is the data deriving from H0．0b is the random 

value of the neuron i．c = c／n，where c is a positive 

integer．According to formula(10)，廿1e first layer will 

realize false alarm probability when is converged ．If 

the sensor’s da ta have the same distribution，the training 

samples{” ale input into one neuron，and get the 

value of 0 adapted to all input neurons ．If the sensor’s 

data have different distributions ， the training samples 

{ } K：Nl are input into each neuron，and get the threshold 

2  

l  

= 

r 

O  

> 

∑ 
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value 0 ． 

2．2 Determination of the weights 

Let P (“1， 2，⋯， Ⅳ)be the multivariate probability 

distribution function of“1，“2，⋯ ，／zN under hypothesis 

Hi，i：0，1．Define g(a)：a，g(P)=b，we have 

1．e 

{(“f)}：log P1(“1，“2，⋯，“Ⅳ) 

Po(“1，“2，⋯，“Ⅳ) 

~]log
Ⅲ

P1( ／zi)
： ~]log ， 

{(“ )}= bf(1一a ) 

a (1一b ) 

(11) 

(12) 

Absorbing the constant∑log[(1一bi)／(1一 )]，we 
have 

一  等 ． 
2．3 Determination of廿1e threshold of th e out- 

put neuron 

II1 the training process，{Y } are inputs to the neu． 

ral network and the parameters 01，02，。一，ON，wi do not 

change．According to formula(10)，we have 

r +1：r 一c {“，(0，，r )一g (a)}， 

{0，(n+1)=0R一[r +1]，for n：1，2，⋯，KN， 
l 

【r +1：r +1一[r +1]， 

(14) 

where[rn+1]represents the integer part．Or1 is a random 

value．c = c ／n，c is a positive integer．In the sac- 

ond layer，g (a)：a．Then we can determinate{01， 

2，⋯，ON，wl’w2，⋯， fv，0，，r}． 

3 Simulations and comparisons  

In this section，the effect of the new algorithm o1"1 an 

actual hypothesis testing problem is simulated．Th e algo- 

fithms compared are Bayes optimization role an d LBL 

algorithm ．In order to give a distinct result，we present 

a simple problem．Assume H0，H1 subject to the Gaus— 

sian distribution，an d 

f0：N(O，1)，，1：N(1，1)． (15) 

For the Bayes optimization problem realized by BP al- 

gorithm，we asstlllle that P(H0)：P(H1)．The Bayes 

optimization fusion role is shown as follows 

N 
log +(1 )log Pm．] 

g 

P
_ j 

(16) 

where ：P(“ o／日1)， ： P(／zi：1／Ho)． 

For the new algorithm ，note that cc = 1，so we have 

g( )：(1一 ) ， (17) 

where a = 0．1， ： 8．Th e sim ulation resul~ are 

shown in Fig．2 and Fig．3． 

1 

0 9 
O 8 
O 7 

O 6 
0 5 
0 4 
O．3 
O 2 
O l 

O 
New LBL Bayes 

圈 False Alarm Problem；_ Detection Problem rn Error Problem 

Fig．2 Comparison of three algorithms 

Figure 2 shows the result that when 1500 training 

samples are given，the new algorithm has bigger detec— 

tion probability than LBL algorithm and the false alarm 

probability gained by the new algorithm is nearer to a． 

New LBL 

Fig．3 Comparison result of two algorithms 

Figure 3 shows the result when the false alarm proba- 

bility is given．In order to realize the same false alarm 

probability，the speed of the new algorithm is faster than 

LBL algorithm 

4 Conclusions  

This paper presents a new non-least-squares neural 

netw ork realization algorithm for the Neyman··Person cri·· 

teflon．11le distribution principle of the false alarm prob- 

ability is also discussed in this new algorithm ．111e sim — 

ulation results illustrate that this new algorithm is more 

suitable to realize Neyman-Person criterion and provides 

a useful tool for multi．sensor data fusion based on the 

neural netw ork． 
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