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SECTION 1. Theoretical research in mathematics.

ABOUT ONE APPROACH OF SOLVING THE PROBLEM OF OPTICAL
SENSING

Abstract: The paper considers one inverse problem of hydro-optics. The importance of these tasks taking into
account multiple scattering increases with the necessity of interpretation of optical observations in probing. The
aqueous medium in which the radiation propagates is supposed layered-homogeneous. The linkage between the
characteristics and parameters of the test medium contributes to the formulation and successful solution of inverse
problems. After that by direct simulation of photon trajectories on a computer the problem of determining the
scattering coefficient is solved using the Monte Carlo method.
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Introduction in all layers of constant and equal o,. The

numbering of the layers are from top to bottom.
The bottom z=H,,, , with a value of albedo Al-

. probability of survival, reflects radiation according to
spreads narrow light beam of constant wavelength, Lambert law: the density distribution of the cosine of

emitted from a point source F,, =(0.0,0), placed in the angle 6, between the reflected beam from the
bottom surface and the normal to it has the form

Description of the task. Let in the aquatic
environment  O<Hg, <z<Hy,  (xy)eR?

«vacuumy» above the surface of the medium,
isotropically in a circular conical solid angle
Qg =[cosby,, 1[0, 7], where Qg — the angle of

the source relative to the unit vector i, =(0,0,1)

Po(4) =2u, u=cosd,.

the axis of the source. The density distribution Receiver with optical axis along the vector
emitted by the source of light quanta is given by fie. =(0,01), measuring the intensity of scattered
function [1] radiation environment, combined with the source and
o o perceives only the light, supplied in directions @
y(r,o,1) = p(@)5(F ~ T, )5 (1), such  that (@ fie)>C0S0,, ,  that s
) @ € Q. =[C0SO,. 1] x[0,7] — the angle of the
where p(@):{{z’[(l_cosesw)}' T 0eQq, receiver.
0, otherwise. Let us consider the temporal distribution of
the intensity of the radiation entering the receiver.
The environment is expected to horizontally The total value of the intensity is
homogeneous and broken z axis into n sufficiently
thin I_ayers Wl-th dlffeient* cons'iant_ \{alues of 1(t) = jq)(Frec.afZ’vt)d@-
scattering coefficient oy ,oy ,....05 inside them. o

The value of the absorption coefficient is considered
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The temporal distribution of different time intervals, find the value of the
1 t, scattering coefficient of the medium in layers
I, = Il(t)dt this intensity in intervals 1...,n, at a known and fixed value of absorption
LR T coefficient in all layers [2].
[tcs,tc ], where t, —the nodes of the breaking length The solution of the task. |, it is a function
Z;;L?;Egi;&,’ k =1,...,m, itis possible to measure of the value o =0, +0,: I =1,(0). Its
Statement of the problem. Knowing the known [3,4], that
measured intensity values 1, 1,,..,1  in m

1, (o) = ij...jw(io)ﬁ K(%,, %1, ) (X, &) dR,...dR, ,0X

Jj=0 X
where
- _am)g()oexp(—o |f, —h D) - fa—h
k(X Xip1.0) = - 3 O| &y ————— |
27Z-|ri+1_ri | |r|+1_ri |
r,—T
x 5('[”1 -t - |'+1'|j , (8]
v

I — the radius vector of point i -th collision, U=ty +1; +tg, +te — the total time of a

@;— a unit vector in the direction of the photon photon in transit from source to receiver,

to =Hgy /1oc, where @y = (. ) — the

before 1-th collision, U;— time 1-th collision, random vector of the direction of departure of a

measured from the moment of penetration of a photon from a source with a given distribution

photon in the environment, density p(@), C- the speed of light in vacuum. t; —

% = (F, ), the time of the collision at the point f;, starting from

the contact with the medium, ty, =¥y, —F;|/v —

u= (&, @,1), time to reach the surface of the medium photon at

time t;, V - the speed of light in water,

o (Xj,0) = oexp(—o | Ty, —T; DR, tiee = Fec —Fuy |/ — the time of reaching the

- photon receiver after it's left of the environment,
_MA (@rec )AL () L=Y (@ )} * 1, if t*e[t t ] —

L T T O e sur. ) S Ak(t ): ’ kDD indicator  k -th

7 sur. =1 0, otherwise

I, — the radius of the intersection vector of the
photon with the medium surface when returning to
the receiver from point r

time interval, Y (@, )— frenel reflection coefficient
at point g, .
j ’

. To find o, 0, ,..0. in the work [6] the
Dgyr. =(rsur. _rj)/| Fsur. — Tj [, 3T B

I proposed recurrence system of linear equations
= (@ j,@sur)— cosine of the angle between

m
- 1
the @ j and @y, , Zqi(jp)Ao-s(j‘”) =d® ©)
q(F;). a(f;) probability of survival, =

E)rec. = (Frec.. - Fsur.)/ | Frec. - Fsur. | )

(L if Gres. € Qe
A %) = ' "~ —the
Q'“( ) {O, otherwise

where

angle indicator of solubility of the receiver,
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N N ol (&) ol (&)
i=1..n qi(jp) zzaﬁip)algjp), d{P =za§ip)b|£p), alP = ak aiSjp) - ak
k=1 k=1 Gsi 5= "' O-Si =P '

be” =1 = 1(5'P),

I, — the values of the intensity of scattered
radiation observed by the receiver in time intervals

(p+) _ (p+D) (p)
AO‘SJ_ —O'sj -0, 7,

]

K=1...m, G =G5 +G,, Gy =(0,.05 ). Gp=(0q.0),

o-;p) ,...,os(np) — P -th approximation to the expected

values.
In research we will use the following
well-known formulas the approximate formulas[7]:

I=1

B, 1 1<
L@ ™)== 267K, ) =3 n(P (.h), where
1=1

r() 7(1)
&P =3 o (x5, 1P k)= o x5 PP (),
j=0 j=0

Oy MIP &Gy )
Wi’ (oy? ):T_Zlh' =17,
Oh i=0

i, 5V, ;- the collision point |-th the
simulated trajectory.

180D 1 the length of those parts of the
7070

segments | F\Y

n o T8 -], which
accounted for h -th layer,
M U* the number of points from the set

FO('),?l('),...,Fj('), caught in h-th layer, y(l)-

random number collision, which ends up with | -th
trajectory [8].

The objective of the evaluation values
(M) and their derivatives a.”,
p =0..2,... shall be determined by direct simulation
of the photon trajectories on a computer, as a
homogeneous Markov chain of random points on
collision  X;, X;,..., X;,... of a photon with the
elements of the water environment. Distribution of
the initial state of the Markov chain is specified by
the function (x), physical distribution density of
the emitted light quanta. The transition density of the
Markov chain from one state to another state is set by
the physical density of transitions, the given function
(1). The solution in this article the inverse problem,

in fact, it is the solution of a series of direct
problems. Namely, at the beginning of the true

values {a; estimated intensity values

1P =1,

i=l,...n

M }kzl,...m and its derivatives fay; | and

k=1,...m,i=1,..n

they are accepted as "measured" by the device, in the
General case getting a faux, normally distributed

random error {gk }k=l,...m’ owing to the inaccuracy

of physical experiments. Next selected prognostic

values of the unknown factor {05(0) } ., in layers,
i Ji=l,. .

and for them again solved the direct problem in the
calculation of {I o }kzl...m and {aﬁ?) }k
According to the latest system of equations is solved
(2) relatively {O'(l)} and etc.

Si Ji=l,..pn

=L..mi=l,..n"

Practical solution of the problem by
Monte Carlo. To study the effectiveness of various
modifications of the process simulation of radiation
transfer with strongly anisotropic scattering can use
the following process model. The particle moves
from point x=0 along the axis X random runs,

distributed with density e (x> 0). At the end of

the path there is a collision, in which a particle can
be absorbed with a probability 1-q; otherwise,

she's moving on. At the point x=H occurs sortie,
i.e. torn off trajectory. Required to calculate the
probability that the particle will leave, having
experienced at least one collision. The transition
density for the chain of collisions is determined by
the formula [9]:

k(x',x) = qe ) x/ <x<H (3)
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The density of the primary collision ¢(X):e_(1_Q)X’OSXs H

f(x) =e *(0 < x< H). Therefore, the total density
of the collision ¢@(X) satisfies the equation

o(X) = qJ-e‘(X‘XI)(p(x/)dx/ +e7¥
0

It is easy to check that here ||K| <. It is known
that in this case the required probability P =¢(H).

Thus, it is required to compute the solution of the
integral equation at a single point x=H . To do this,
you can wuse a local assessment, putting

h(x) =k(x,H)=ge "™ ie. P=M¢&,

N N
where & = Zh(xn) = qu’(H’X“) , if implemented
n=0 n=0
direct modeling a chain collision [10]. Direct
substitution into the equation can see that here

ME? = (p,h(2p" - h)) =

Consider now the evaluation on acquisitions

g 0w _ ge )
g(xy) 1-g+ge H™w
For her
H
h2 o e—(1+q)x
Mn? = (p,—) = g2 LM dx .
n°=(p g) q jl—q+qe’x

0
In this case, we can consider a binary
evaluation ¢, which is equal to 1, if the particle

flew, and equal to O otherwise. It is obvious that

q

2 1+2q ot
1+q

It is easy to obtain the value of the required
probability

P=p(H)=(ph)=e P @1-e"H).
The adjoint equation in this case has the form
H /
0" (X) = qJ‘ef(x 7x)¢* (X/)dxl +qe’(H’X) .
X

Him meets function ¢*(x)=ge @ HX)  The
variance of the random evaluation & is determined
by the equality

2,-2H
_q)H _2q e_H +q—

1+q
MEZ=M¢ =P =g T 1My,
variance estimates for a large H it is enough to

To compare

consider the corresponding coefficients of the
functions e @9 je. value
2 —(L+q)x
_g2it2 y=at [ ix,C, =1
1+q < 1-q+ge”

Values of C.and C, given in the table 1.

Table 1
The values of the coefficients Cé and C” .
0} 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
Cg 0,0101 0,047 0,111 0,21 0,33 0,45 0,62 0,93 1,19 1,5
C 0,0096 0,037 0,080 0,14 0,21 0,31 0,42 0,55 0,72 1
n
Conclusion.

Thus, can be seen, evaluation on absorption
multiple is more accurate than the other evaluation.
This is due to the fact, in this case, the probability is
calculated from the absorbance of one species —
sortie. In the transition to the real problems of the

relationship between D& and D7 changes in the

valuation advantage & because of the possibility of

more changes g(X) . Also in the works, knowing the

measured values of intensity in different time
intervals, found the value of the scattering coefficient
of the medium in layers at a known and fixed value
of absorption coefficient.
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