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The spectrum of the electrornagnetic radiation reflected by the natural for-
mations is continuous. In practice, however, a finite number of wavelengths,
mainly in the visible range, are chosen for investigation pufposes. The set
of the reflexion index values for these wavelengths forms a sampled reflec-
tive characteristic. Even thus sampled the reflective characteristic contains
considerable inforrnation which allows the natural forrnations to be divided
in classes of objects with similar reflective characteristics. The degree oI
the similarity in a given class is conditioned by the extent oi the confi-
dence limits of the reflective characteristic. For some wavelengths, however,
it is possible to obtain non-empty cross-sections between the confidence
intervals of the different classes of objects. In such cases the methods of
the pattern recognition theory are applied for the identification of the dif-
ferent classes of obiects. It would be of importance to solve the following
problem: for which wavelengths the uncertainty obtained from the distribu-
tion cross-sections is the greatest and by which classes it is mainly deter-
mined. If the answer to these questions is available, more experimental ef-
forts could be concentrated on the respective wavelengths and classes oI
objects. The solution of these problems will therefore be in the focus oi
our attention.

L The Formulation of the Problem

Each natural formation is described by a sampled reflective characteristic
r(1.,), r;-reflection index, Xi-wavelength, i:1,..., m. Fotmations with
similar reflective characteristics r(,tr) form a class of objects. This similarity
is expressed by the statistical proximity ol rQ), i. e. in the presence oi r(l;)
distribution around an average reflective characteristic r(X) (rve shall hence-
forth designate this characteristic by r(A;) alone). The experience obtained



so far furnishes grounds for such an assumption, and ,.even the existence of
be assumed

i,fr ,';rh;' i,;f, "3i'ii.ot.,"',1j' ilir,3' ,$iT ?

tic obtained is within.,ge .q"?ilT*'.'?tJf:tTt^,ftili,riifffti;d,f'fi11'[:1';
exists. a certain probability that this object should beiong tci 

'eictr one of
the other N-l classes of zly'. In this case, these are the-conditional proba-
bilities piin?iBlri) that at a fixed 7, and, in the presence of indications for
r in the confidence interval of the 7 r lass, in reality there is an object from
the fr class. It is obvious that th; ities pi'ie{0 for
/*ft leads to uncertainty at the data I unieitainty oi
the set being characterized by the ma the conditional
probabilities p;ie. But the matrices ,4; dimensions and,
accordingly, a different number of probabilities p,7u. For the purposes of
comparative analysis it is necessary to normalize piiin in such i way that
the normalized values

stitution

(t)

should satisfy the conditio" 2plrryt:l. The sub-
(E)

^rn - 
Piin

,iju_ 
Zp,jo,
(k)

is suitable for the purpose.
The events of "appearance of a 7th class objectin thelth wavelength"

form a full event system, i. e,

(2) zp'!i, :r
\t)

if we assume that the set ry' exhausts all probable classes of objects (or at
least those of them which are of interest to the analvsis). Further on we
shall consider this assumption realized. The problem s"olvi:a in the course
of the work done is the following: an indication for r in the confidential
limits of a given class has been obtained. It is necessary at a fixed wave-
lSngtlt to. evaluate the average uncertainty which has bten introduced by
the distributions of the other classes lrom the set under consideration, if
the evidence is accepted as belonging to the class in which it has been
obtained. For such an evaluation the quantitv of "infolmation" is suitable.

2. Method

The uncertainty contained in matrix ,21; when (l) and (2) are fulfilled is
evaluated by:

(3) Ii: Hi(Pi)- fi;iQpf ri1),

where H,(p):-Zp,tlogp,i is the unconditional entropy of the pii pto-
(i\

babilities for the appearance of the 7 object in the wavelength,
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is the conditional entropy of the probabili-

6r: Iirfr
Hi'Hi

can be used for the comparative analysis as being more convdnient.
The magnitude d, is-suitable becruse it varies in the interval 0<dr<1.

Equations (3) and (3a) provide a solu
of evaluatioo at the identification ol
question what is the contribution of
total uncertainty, can be obtained wh
additional subsets /rl, obtained from

3. Conclusions

These two problems': fl@l and 6\M) determination for r/]')(M and, respec-

tively, H(M) and 6{,M) tor riQ)(M1 can be extended by the introduction of

various confidential intervals */r/)"t)
tion dispersions of the objects from
of the confidence intervals, the qua
represents from the maximum inform
the greatest contribution to the reduc
determired.

Table I

No of objcct Name ol object
Charactetistlc ol the obiects at azinuth 225" and

canted shootlng anglc of 45'

I
2
3
A

5
D

8
I

10
ll
1n
1a

t4
1D
l6
t7
t8
19
20
2l
22
23

young tree

old tree

old tree

youflg tree
old tree

young tree

winter species
young leat
full Ieaf
late verdure
winter species
full leaf
late verdure
iresh bark
young leaf
full leaf
winter species
full leaf
during the autumn
wlnter species
lull leaf
during the autumn
winter species
young leaf
full leaf
young Ieaf
full leaf
late verdure
during the autumn
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Table 2

Spectral Intensity Coefficients of the NaturaL Formations Examined

400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
bDU

560
570
580
590
600
610
620
630
640
ODU

0.058
0.057
0.056
0.054
0.052
0.050
0.049
0.047
0.045
0.045
0.044
0.044
0.044
0.045
0.047
0,050
0.052
0.051
0.050
0 050
0.050
0.049
0.049
0.050
0.051
0.052

0.047
0.048
0.049
0.050
0.052
0.056
0.059
0.060
0.060
0.061
0.063
0.0i1
0.090
0.1 r9
0.138
0.147
0.142
0.130
0.1t7
0.lll
0.103
0.103
0,095
0.092
0.090
0.086

I

| 0.026
I 0.027
| 0.030

0.059
0.060
0.061
0.062
0.061
0.065
0.073
0,076
0.075
0.087
0.095
0.1 06
0.120
0.149

0.072
0.073
0.074
0.07 4
0.074
0.073
0,072
0.071
0.070
0.070
0.071
0.073
0.077
0.080
0.082
0.087
0.090
0.091
0.095
0.098
0.100
0.10 1

0.101
0.i02 

|

0.102 
|

0.1011

0.033
0.034
0.037
0.039
0.044
0.046
0.044
0.042
0.044
0.048
0.045
0.048
0.065
0.087
0.1 06
0.113
0.110
0.099
0.088
0.090
0,083
0.073
0.068
0.065
0.069
0.070

0.084
0.086
0,086
0,091
0.097
0. l0l
0.1 09
0.i 15
0.1 23
0.131
0.t44
0.l6l
0.185
0.213
0.233
0.245
0.249
0.247
0.24r
0.234
0.229
0.224
0.220
0.21r
0.205
0,202

0.202
0.20.3
0.204
0.205
0.209
0.210
0.21I
0.211
0.212
0.214
0.215
0,215
0,215
0.2t4
0.213
0.213
0.213
0.216
0.220
0.224
0.231
0.239
0.247
0.254
0.261
0.269

0.026
0.027
0.027
0.027
0.030
0.031
0.032
0.034
0.036
0.038
0.043
0,054
0.072
0.092
0.109
0,1 18
0.117
0,104
0.092
0.083
0.073
0.064
0.060
0.061
0.061
0.060

0.033
0.033
0.033
0.035
0.037
0.039
0.040
0.040
0.039
0.037
0.039
0.046
0.058
0.078
0.096
0.108
0.105
0,095
0.084
0.074
0.066
0.058
0.052
0.050
0.050
0 049

0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0,050
0.050
0.050
0.051
0.053
0.056
0.059
0.060
0.061
0.063
0.064
0.065
0,066
0.067
0.068
0.067
0.066
0.665

0.031
0.034
0 036
0.036
0.037
0.037
0.039
0.040
0.042
0,052
0.070
0.085
0.091
0.088
0 081
0.071
0.071
0.068
0.064
0.060
0.059
0.059
0.059

0.169
0.176
0.178
0.1 73
0.1 68
0.1 68
0.160
0.152
0.1 53
0.151
0.143
0.14 I

4. Example

The problems formulated above were solved under the following conditions :
a set M of deciduous varieties consists of 23 classes of reflect-ive characte-
ristic.s. ri.(l), j:.\...:: 2!: i:I,...,26 (Tables 1,2) oI oak, elm, lime, aspen,
and birch-trees (Fig. l). The characteristics are obtained under similar' conai-
tions - azimuth 225" and canted strooting angle of 45" I2l.

The measurement accuracy of r is 0,01. Experimentai data for relation
between the confidence intervals /r/)",) and r b-eing unavailable, we took
as a first approximation the linear iunction :

(4) /r;i: Qrii.

we assumed that the ratio coefficient 4 varies within the interval
0.01+0.075 with coniidence coefficient .!:0.95. we selected the following
values 0.01, 0.02, 0.04, 0.075 from the interval. The range oi 4-variationE
was adopted according to [a].
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0,044
0.043
0.043
0.043
0.041
0.040
0.040
0.040
0.040
0.040
0,045
0.057
0.084
0.1 15
0.129
0.1 50
0.I40
0.108
0.089
0.073
0.085
0.066
0.060
0.063
0,053

0.07 t
0.080
0.089
0.097
0.102
0.1 06
0.107
0.106
0.106
0.111
0.122
0.145
0.190
0.220
0.244
0.255
0.267
0.275
0 281
0.282
0.282
0.284
0.289
0.299
0,315
0.330

0.068
0.066
0,062
0,060
0.064
0.066
0.064
0.063
0.066
0,070
0.072
0'074
0,077
0.078
0.080
0.081
0.081
0.082
0.082
0.084
0.086
0.087
0,088
0.089
0.089
0.089

0.034
0.032
0.032
0.038
0.042
0.045
0.046
0.047
0.047
0.043
0.047
0.059
0.081
0.099
0.1 11

0.r16
0.105
0.092
0.082
0.068
0.078
0.066
0 064
0.060
0.055
0.052

0.'034
0,032
0.032
0.033
0.030
0.030
0.030
0.039
0.055
0.052
0.045
0.038
0.034
0.039
0.051
0.071
0.080
0.098
0.088
0.087
0.082
0.076
0.081
0,081
0.064
0.062

0.056
0.057
0.059
0.061
0.062
0.063
0.065
0.068
0.070
0.07 |
0.072
0.474
0.076
0.079
0.081
0.082
0.084
0.085
0.087
0.089
0.090
0.090
0.090
0.090
0.091
0.091

0.034
0.035
0,038
0,040
0.043
0.046
0.046
0.048
0.048
0.049
0.054
0.064
0.082
0.1 06
0,109
0.124
0.122
0.108
0.095
0.090
0.084
0.081
0.077
0.074
0.073
0.072

0.040
0.041
0.042
0.045
0.048
0.050
0.05r
0.051
0.051
0.054
0.061
0.074
0.102
0.1 18
0.1 23
0.129
0.128
U.I TO

0.103
0.094
0.090
0.087
0.082
0,079
0.079
0.079

0.041
0.040
0.041
0.042
0.043
0.043
0.042
0"041
0.042
0.047
0.052
0.063
0.080
0.107
0.1 17
0.1 25
0.r28
0.1 25
0.1l7
0.104
0.095
0.087
0.080
0.071
0.060
0.055

0.020
0.020
0.020
0.021
0.022
0.024
0.027
0.030
0.031
0.030
0.030
0.034
0.042
0.055
U.UOD
0.072
0.073
0.071
0.065
0.0s8
0.058
0.060
0.059
0.05i
0.058
0.058

0.030
0,030
0.030
0.030
0.031
0.032
0.034
0.035
0.037
0.040
0.044
0.053
0.065
0.081
0.088
0.092
0.098
0.090
0.080
0.072
0.068
0.066
0.065
0.064
0.063
0,062

0.047
0.046
0.048
0,049
0.050
0.051
0.054
0,061
0.068
0.074
0.081
0.091
0.112
0.142
0.161
0.r77
0.188
0.200
0.210
0.220
0.220
0.2r4
0.208
0.r99
0,191
0.1 860.049 I

4.1. Determination of the Sampling Interoal

The greatest admissible value of the sampling interval was determined under
the following condition: we assume that the reconstruction of the conti-
nuous reflective characteristics is performed by Lagrange's polynomial of
zero power, The considerations for this assumption are : the /1, value by
means of which the reflective characteristics have been obtained is at the
accuracy limit of the spectrograph we have used, and therefore we do not
know anything definite about the r behaviour in the /1 interval. That is
why we assumed that in this interval r:const (the zero power of the La-
grange's polynornial). Then, according to [3], the admissible value oI /1, is
equal to

(5) /1ua^-<eol Mr

where eo is the admissible error for r and M1 is the
ol drlil".

We assumed that the measurement accuracy of r limits
for the examined set of reflective characteristics M. For

0.03 Ilne value //J1 --- l0 n- .

maximal value

eo, i. e. eo - 0.01
M we obtained
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Then from equation (5) we obtain /),ua^<3.4 nm(10nm.
This result shows that the approximation with a zero polynomial at

n:10 nm is insufficiently precise. Therefore, there are no formal grounds
to maintain that the mean information value .f between two adjacent values

r
o.22

E.D2
.4BEI .b -i Ll ,{

Fig. I

It and. 1;11 would be the arithnnetic mean ol rI; and {11. As the interva
il,:l}nm is relatively small, we can assurne that there erists a significant
cor{elation in the distributions of r for ir and ,1;-u1. In such a case it is
probable that the mean value of / in the interval /l:),i+t-),r would not
differ essentially from (It+l+)12.

4.2. Determination of Information I
The following two problems can be formulated in the study of the struc-
tural characteristics of a set of objets.

l. What is the uncertainty in the evaluation of the appurtenance of a
single indication (single experiment).

500
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2. What is the uncertainty in the evaluation of the
all objects observed (multiple experiment).

In the first problem the appearance of any object
equally probable, inasmuch as we assulne that each one of

appurtenance of

from the set is
the objects may

6
4n

I
,l
lrrt

\r

Fig. 2

appear (without being interested in how many times it would appear at a
multiple repetition of the experiment), i. e. pit:const:p:l/N.

In the second problem it is important that the objects can possess dif-
ferent a priori frequency p;; of appearance under the conditions of the
experiment.

In this study our atteniion was focused on the first problem as it is
independent from the determined distribution oi the a prio6i probabilities.

To determine the conditional probabilities pitn Q,elr,) it is assumed,
according to [1,4] that the distribution of r for the different obiects is
normal.

In such a case the conditional probabilities are obtained according to
the formula:

3l

'---7a-n-7f -
./ v \-/\

t i,f-:'r ,n\



(6)

where

(6a) Zt,z ijn

| 2",,,.
Pi i n(ri*l r i ) : A@) | -"" 

"
I etiih

tArii-ri1jr1p
Aii

V,

: i-l (;,i

.0.
400 500 '600 850 I

. Fig. 3
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Table 3

Dependence of the Information (l) ond 6 on the lVauelength (1) and the Coefficient (q)

2,

(nm)
^=I- I^a*

0.6864
0.7240
0.7093
0.7295
0.6772
0.6951
0.7039
0.6583
0.6771
0.6630
0.6812
0,7184
0.7189
0'd889
0,7281
0.7096
0.7436
0.7140
0.6538
0.6343
0.6165
0.6422
0.6772
0 9686
0.6755
0.6833

I

'max

0.7579
0.8194
0.7640
0.81l4
0.7147
0.7626
0.8138
0.7485
0.7757
0.7306
0.7090
0.7743
0.7929
0.7504
0.8003
0.7634
0.8401
0.7872
0.7270
0.7188
0.7041
0.7000
0.aI76
0.7427
0.7598
0.8020

"I- I^^*

0.3591
0.9423
0.9340
0.9327
0.9044
0.9055
0.8877
0.9340
0.9526
0.9266
0.8897
0.8864
0.8829
0.8498
0.9212
0.8770
0.9235
0.9082
0.8548
0.8677
0.8585
0.8497
0.8668
0.8841
0.8E95
0,9088

^:/- I^u*

0.8966
0.9423
0.9616
0,9808
0.9231
0.9351
0.9616
0.9616
0.9616
0.9616
0.9159
0.9543
0.9616
0.9248
0.9808
0.9621
0.9617
0,9808
0.9231
0.9808
0.9238
0.8894
0.9351
0.9808
r,0000
0.9423

400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
bbt)
560
570
580
590
600
610
620
630
640
650

2.r520
2,2t02
2.224r
2.2874
2.1233
2.1796
2.2072
2.0641
2.t232
2.0788
2.1358
2.2525
2.2542
2. l 599
2.2829
2.2249
2.3317
2.2388
2.0500
r.9887
1.9331
2.0137
2.t235
2.0964
2.1179
2.r426

2 3163
2.5691
2,3955
2.5441
2.2409
2.3911
2.5518
2 3468
2,4321
2.2909
2.2230
2.4279
2.4861
2.3528
2.5092
2,3936
2.6340
2.4680
2.2795
2.2537
2,2076
2.1948
2.5637
2.3288
2.3822
2.5170

2.6937
2.9547
2.9285
2.9243
2.8358
2.8393
2.7834
2.9284
2.9869
2.9053
2.7897
2.7793
2.7685
2.6647
2.8884
27 497
2.8557
2.8477
2.6802
2.7207
2,6919
2.6644
2.7180
2.7720
0.7890
2.8496

2.81t4
2,9547
3.0150
3.0722
2.8944
2.9319
3.0149
3.0149
3.0149
0.0149
2.87t6
2.0022
3.0149
2 8997
3,0752
3.0168
3.0149
3.0752
2,8944
3.0752
2.8966
2.7886
2.9319
3.0752
3.1355
2.9546

(7)

As a result of the

(8)

4rij
6i i: ;-'. . r.96

equation (6a) becomes

l drii_r 1i_lr11t2t.2...- 1.96 -'-----'-iJh 4f;;

In accordance with equations (3), (3a), (6) and (8) we obtained results fori:1,...,26 and 4:Q,91 which are .2,2
and Table 3. They show larger tha to a
considerable reduction of or of d to a
resulting increase of the set identi ct is
most_pronounced at the velength in the inirared portion.

The elimination of the reflective characTeristics Nos. 12, 14: 15, 22 fronr
the 21y' set shows that _they contribute considerably to 'this' 

uncertainty.
fig.. ?, 3 and rable 4 show the I- and d-values obtiined after the r.sp.i-
tive characteristics have been eliminated. These conclusions are valid in'ge-

3 KocMur{ecrru uscne4saHna, xn. I 33



Table 4

Dependcncc of the Information (l) and the Coefficient

and q /or Inax-2.9444
(r-#) on the v,/antertgth (L)

, l- q-4.sr, I c:0.05 I t=o.o, I o:o.ot
(nii') l-,-l+ | , t,;- l-l ,:+ l- | '

I | 'lnraxl 'rnaxl , 'tu", ' l':6;

400
410
420
430
440
450
460
470
480
490
500
5i0
520
530
540
550
560
570
580
590
600
610
620
630
640
650

neral for all examined values of 4, which shows that at the specilication
the real values of 4 for these objects special attention should be paid
the planning oi the experiment.
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Upon elimlnatlon ot the rcflective cllaracterlstlcs Nos.=12, 14, 15, 22

2.0906
2.1845
2.2752
2.3037
2.1562
2.1873
2.2549
2.t324
2.2033
2.0798
2.2653
2.2788
2.3501
2.2349
2.3213
2.2275
2,29E1
2.3101
2. l 331
2.0383
2.07 t0
2.0955
2.2553
2.2116
2.1787
2.2243

0.7100
0,74r 9
0.7727
0.7821
0.7323
0.7428
0.7658
0.7242
0.7483
0.7063
0.7693
0.7739
0.7981
0.7590
0.7884
0.7565
0.7805
0.7846
0.7245
0.6922
0.7034
0.7 tt7
0.7660
0.751l
0.7400
0.7554

2,2124
2.3730
2.377 4
2.6058
2.2230
2.4011
2.4882
2.3596
2.4436
2.2492
2.3095
2.4207
2.5581
2.3455
2.4820
2.3389
2.5E96
2.5316
2.277 |
2.2902
2.2700
2.3176
2.5517
2.4rOl
2.3256
2.5E09

0.75t4
0.8059
0.E074
0.8850
0.7550
0.8155
0.8450
0.8014
0.8299
0.7639
0.7844
0.8221
0.E688
0.7966
0.8430
0.7944
0.8795
0.8598
0.7734
0.7778
0.7709
0.787 r
0.8802
0.8185
0.7898
0.8765

2 5101
2.7985
2.9108
2.7456
2.58 r 6
2.6574
2.73s5
2.8297
2.8376
2.8389
2.7995
2.7008
2.8034
2.5262
2.7991
2.7266
2.87 15
2.87 t7
2.5542
2.70r7
2.5956
2.7645
2.6286
2.8328
2.6538
2.8t72

0.8525
0.9504
0.9886
0.932s
0.876E
0,9025
0.9290
0.9644
0.9637
0.9642
0.9508
0.9r73
0.9521
0.8579
0.9506
0.9260
0.9752
0.9753
0.8675
0.9 r 75
0.8815
0 9389
0.8928
0.9621
0,90 r 3
0,9568

2.6526
2.7985
2.9444
2.87 L5
2.6526
2.6980
2.9444
2.9444
2.8715
2.9444
2.8715
2.8715
2.9444
2.73r9
2.87r5
2.8008
2.87l5
2.9444
2.7255
2.8715
2.7282
2.7985
2.7985
2.8715
2,9444
2,9444

0.9009
0.9504
r.0000
0.9752
0.9009
0.9163
1,0000
1.0000
0.9752
1.0000
0.9752
0.9752
1.0000
0.9278
0.9752
0.9512
0.9752
1.0000
0.9257
0.9752
0,9266
0.9504
0.9504
0.9752
r.0000
1.0000

of
to



I4u$opuaqr4oHHbre xapaKrepvcrrdKtr rpupoAHbrx o6pasoaauuri

I. H. Mu,tuea, B. C. /lcrcena, T. K. flnee

(Pesrome)

Paccuarpunaercs Bonpoc o HeonpeAeneHHocru npu r{AenTr{Quraquu cl6rerros
7-ro rracca m !-!t AnHHe BoJrHbr(./:1,,..,ff)noorHorueHHro r( HeKoropoMy
rrt ocranbHux N- 1 x,naccos AaHHoro MHoxecrBa o6teKros /w:{it\)}.

. HeonpeAe-renHocrb paccMarpHBaeMoro MHoxecrBa BHpaxaercs Marpu-
qeft .4=llptn)l ycnoBHHx BeposrHocrefi p*.
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