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Abstract: Itisvery difficult to get exact accurate estimated value When the Markov processtheory 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 severa
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 processto estimate the remaining number of mine isacommon 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 theoryis a
mathematical statistical inference on the minefield sate. 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 M odel based on Bayesian estimation theory

If the total number of mineis N , the prior distribution of mineis p (m), the minefield is divided
into n regions, the initial alocation proportion of the mine number is m, =[m,, m,,,L_,m,,]. When
the jth estimation is done, the mine sweeping probability of the single mine in the sub area is
p, =[P, p,,,Lp,]I", the number of minesin each sub region between j and j-1 isx =[X,,%,,LX;].

Jd d ,
Suppose X; =[X;,X,,LX; 1", N, =aax,DN;=N;-N_,,P=my" p,
k=1 i=1

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 thewhole areais:

h(R,X,) = D(R1+N1)gRl P“l[l R]® M

© 2015. The authors - Published by Atlantis Press 451



Under the condition of the X, , the conditional distribution of R is:

P(RIX,)= p(R1+N)(R1 W R e ap(R1+N)(R1 MYy P]Rl“ @
éR=0

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:
1- Piy

= P 3
M =Me g 3

The posterior distribution of the number of remaining mines can be obtained as follows:

p(ry1X,) = élp(alxpg dman[a- m*

(4)
Ri=ry Ilﬂ
"o (Ri Nl) _ R — . .
If G,= 4 p(R+ Nl)T[l R]™ , the above expression can be rewritten as follows:
R=0 1
1 \Ri-nig g
1 %% (R+N)! R! R - Puye, & 1- p,u "
pr, IX)=—a ip(R+N,) 1- P (m =y g m -
G, no T YR (R- u)!ru'[ I m. 1-R° & °1-Rg tya (5)

(RL Ny _ _ Ri- 1y
_Ef PR N ,%mo(l pII*[1- R- mo@- py)]

The p (R | X,) can be seen asthe prior distribution of the whole areain the second estimation. The
mine detection probability between the 1st estimation and the 2nd estimation can be stated asfollows:

_P2- B
=12 Ml (g
pll 1_ N ()

Suppose

£ T
Pl :[”h,mzpl—,”h] gp;, Py, L Py H =(R,-R)/(1-R)
Then the joint distribution of remaining mine number R, and sample X, can be obtained:

e
MR X) =PRI IXG o [ RpR +r) ()

P [1- pI?
o oy 7 R E-R (6)
So the posterior distribution of R, is:

P(R, X)) = 5P (R, +Ny) e el P o

Where G, :Ngzp(@+N )(R2+N2) [1- B]®

Similarly, the posterlor dlstrlbutlon of remai ning minesinsubregion i can be obtained as follows:
N- N2

( NZ) r R- 1
X,)=— R+ 2[1- P,- m,(L- 8
P, X;)= Glearzp(Rz 2)(R2 i [ [(Mo(- P2)] [1- B- my(- p,)] (8)

The distribution of remaining number of mines that belongsto the jth estimation can be obtained:
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(R +N')! R

yMRmr- pR+N) g P
:i:p(r.» |X;)=— : NaN p(R )M[m p)I" - P - my(d- D)H' ! ©)
i I} J GlR—r” (R _ ) 0 Ij 0 di

'I' N-N,

:;G a P(R+N, )( gl Pl’il

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:

N

(R =2 pReN) N pf
| (R+N)!
G N Ry )l Mo p)I* [2- P- mo(1- )" (10)

i 1NN
[¢}
ip(1X)== & PR+
|
I N N;
1G= a p(R+N)—~% (R N) [1- P

Where Ris the remaining number of mines of the current status, is the sample of swept minesin
the current status, N isthe total number of mines, N;isthe 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 ouit.

Assume that the largest number of mines which have been laid isN , the mines that have been
found isN; . According to the posterior distribution for remaining minesp (R|X) , the mean and
variance of remaining mines can be obtained:

i Nbe
:I: Er= a P(R|IN;)R

R=0
! NN (12)
+w=apmmoﬁvaf

R=0

Emulation and results

For comparing the estimated results with the true value of remaining mine number, as well asto
extract swept mine samples from calculation model, this paper takes a smple simulation.

Generate arandom number p, (0~1) for each mine, if p, islessthan the threshold valve 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 is4. 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, Whenn =4 :
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Fig. 1c Theresult of uniform distribution

Round of Emulation

Round of Emulation

Fig. 1d The result of Poisson distribution

In Fig. 1, the binomial distribution isB(100,0.60) , the uniform distribution isU (40,80) . If we
change the parameters to make a prior information closer to the truth, for example, take B(80,0.75)
and U (50,70) asthe 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
with B(80,0.75)

454

]

he tru

t\ﬁ

il

I

ek

IR

I

il

L

GAlled

1
il
|

!

JZHLL

!

30 40
Round of Emulation

Fig. 2b The result of prior distribution
with U (50,70)



Discussions and Conclusions

We can find that the estimation results of remaining mines subject to prior distribution in change
rulesinfig. 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 showsthat when we use the Bayesian method to estimate the number of remaining mines,
aprior accuracy of the information will play acrucial role.
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