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Abstract: It is very difficult to get exact accurate estimated value When the Markov process theory is 
used to calculate the number of remaining mines, because the prior knowledge has not been fully 
utilized. For solving the above problems, this paper establishes posterior distribution model of 
Estimation of the number of remaining mines, based on Bayesian estimation theory. Then several 
typical distributions are discussed, such as the binomial distribution, Poisson distribution, negative 
binomial distribution and uniform distribution, and the mean and variance of the number of remaining 
mines are given. Finally the simulation calculation is carried out for the given minefield prior data, 
the results show that the model accuracy is related to mine number, mine sweeping probability and 
other factors. 

Introduction 

Using Markov process to estimate the remaining number of mine is a common method [1-5], but it 
is difficult to get accurate result. Bayesian estimation method [6-8], which can make full use of prior 
knowledge and obtain high estimation precision, has been one of the hot research topic in recent years 
[8-10]. Minesweeping effect evaluation method based on Bayesian estimation theory is a 
mathematical statistical inference on the minefield state. It involves overall information of mine, 
sampling information and prior information, etc. In this paper, the minesweeping effect on the 
number of remaining mines is studied by using the theory of Bayesian estimation, especially for the 
different DC[1] and mixed layout minefield. Firstly, we make comprehensive analysis on the prior 
information of minefield mine number and quantify the formation to build the prior distribution 
model, then combine the constrained mine number with the sampling information of mine, finally 
take the posteriori estimation on remaining mines. 

Mathematical Model based on Bayesian estimation theory 

If the total number of mine is N , the prior distribution of mine is ( )mπ , the minefield is divided 
into n regions, the initial allocation proportion of the mine number is 0 10 20 0[ ], , , nm m m=m L . When 
the jth estimation is done, the mine sweeping probability of the single mine in the sub area is 

1 2[ , , ]T
j j j njp p p=p L , the number of mines in each sub region between j and j-1 is 1 2[ , , ]

j j j njx x x=x L . 

Suppose 1 2[ , , ]T
j j=X x x xL ,

1 1

j n

j ij
k i

N x
= =

= ∑∑ , 1j j jN N N −∆ = − , 0j jP = ×m p  

According to Bayesian statistical theory, when the remaining number of mine is estimated for the 
first time, the joint distribution of the sample and the number of remaining mines of the whole area is: 
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Under the condition of the 1X , the conditional distribution of 1R is: 
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For each sub area, when the number of remaining mine is estimated for the first time, the 
distribution proportion of the number of remaining mines in sub area i will become: 
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The posterior distribution of the number of remaining mines can be obtained as follows: 
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The 1 1( | )Rπ X can be seen as the prior distribution of the whole area in the second estimation. The 
mine detection probability between the 1st estimation and the 2nd estimation can be stated as follows: 
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Suppose 
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Then the joint distribution of remaining mine number 2R  and sample 2X can be obtained: 
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So the posterior distribution of 2R  is: 
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Similarly, the posterior distribution of remaining mines in sub region i  can be obtained as follows: 
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The distribution of remaining number of mines that belongs to the jth estimation can be obtained: 
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By analysis of the above expression, it can be found that the distribution of remaining number of 
mines is only related to the swept mines, mine sweeping probability and initial state of mines, which 
has little to do with previous estimation. So the above expression can be rewritten as follows: 
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Where R is the remaining number of mines of the current status, is the sample of swept mines in 
the current status, N is the total number of mines, fN is the total number of swept mines.According 
to the above expression, the posterior distribution the number of remaining mines can be obtained, 
and then the mean and interval estimation of remaining mines can be figured out. 

Assume that the largest number of mines which have been laid is N , the mines that have been 
found is fN . According to the posterior distribution for remaining mines ( | )Rπ X , the mean and 
variance of remaining mines can be obtained: 
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Emulation and results 
For comparing the estimated results with the true value of remaining mine number, as well as to 

extract swept mine samples from calculation model, this paper takes a simple simulation. 

Generate a random number ip  (0∼1) for each mine, if ip  is less than the threshold valve 0'P , then 
the mine is seen as a swept mine. Simulate the mine sweeping process for all the mines, quantify the 
number of swept mines, and take it as the true value of the process. 

Assume that there are 60mines in one minefield and the maximum value of DC is 4. According to 
different, its distribution is [25;15;15;5] . Substitute the minesweeping probability (0.6) into the 
foregoing model, then take the emulation 60 rounds (n times per round). 

The estimated values of the remaining mines in above mine field are plotted in Fig. 1, When 4n = : 
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Fig. 1a The result of binomial distribution   Fig. 1b The result of negative binomial distribution 
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Fig. 1c  The result of uniform distribution       Fig. 1d  The result of Poisson distribution 

In Fig. 1, the binomial distribution is (100,0.60)B , the uniform distribution is (40,80)U . If we 
change the parameters to make a prior information closer to the truth, for example, take (80,0.75)B  
and (50,70)U  as the prior distribution, then the estimation results of remaining mines can be 
obtained as Fig. 2:  
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Fig. 2a The result of prior distribution         Fig. 2b The result of prior distribution 

       with (80,0.75)B                               with (50,70)U  
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Discussions and Conclusions 
We can find that the estimation results of remaining mines subject to prior distribution in change 

rules in fig. 1. If we take binomial distribution as the prior distribution, the change tendency of the 
posterior mean value and true value is consistent basically. For negative binomial distribution and 
uniform distribution, the change tendency of the posterior mean value and true value is opposite, but 
the extent of the reverse change is small due to the restraint of a prior information. As for Poisson 
distribution, it’s posterior mean value hardly has any change at all.  

By analysis of fig. 1, the binomial distribution, Poisson distribution and negative binomial 
distribution, correspond to the quality of different prior information of mines respectively: high, 
middle and low. For accurate priori information, use the binomial distribution, then choose Poisson 
distribution, once again choose negative binomial distribution. If having some knowledge of mine 
number range, choose uniform distribution. 

In fig. 2a, we can find that the amplitude of the posterior estimate has been greatly improved for 
binomial distribution. Compared the situation shown in Fig. 1a, the amplitude difference is much 
smaller. For the amplitude of uniform distribution, its opposite trend started to change to the same 
trends. This shows that when we use the Bayesian method to estimate the number of remaining mines, 
a prior accuracy of the information will play a crucial role. 
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