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THE METHOD OF VICINITY MINUTIAE DECOMPOSITION WITH HIGHER
LEVEL GRAPHS FOR FINGERPRINT VERIFICATION

The subject matter of the paper is the development of fingerprint local structures based on the new method of
the minutia vicinity decomposition (MVD) for the solution to the task of fingerprint verification. Itis an
essential task because it is produced attempts to introduce biometric technology in different areas of social and
state life: criminology, access control system, mobile device applications, banking. The goal is to develop real
number vectors that can respond to criteria for biometric template protection schemes such as irreversibility
with the corresponding accuracy of equal error rate (EER). The problem to be solved is the problem of
accuracy in the case of verification because there are false minutiae, disappearing of truth minutiae and there
are also linear and angular deformations. The method is the new method of MVD that used the level of graphs
with many a point from 7 to 3. This scheme of decomposition is shown in this paper; such a variant of
decomposition is never used in science articles. The following results were obtained: description of a new
method for fingerprint verification. The new metric for creating vectors of real numbers were suggested — a
minimal path for points in the graphs. Also, the algorithm for finding out minimal paths for points was
proposed in the graphs because the classic algorithm has a problem in some cases with many points being 6.
These problems are crossing and excluding arcs are in the path. The way of sorting out such problems was
suggested and examples are given for several points are 20. Results of false rejection rate (FRR), false
acceptance rate (FAR), EER are shown in the paper. In this paper, the level of EER is 33 % with full search.
78400 false and 1400 true tests were conducted. The method does not use such metrics as distances and
angles, which are used in the classical method of MVD and will be used in future papers. This result is shown
for total coincidences of real number, not a similarity that it is used at verifications. It is a good result in this
case because the result from the method index-of-max is 40 %.

Keywords: fingerprint verification; minutia vicinity decomposition; false rejection rate; false acceptance rate;
equal error rate; the minimal path for points in the graph.

implementation. Vectors of real numbers is quite
massive and the full process of verification can take 24
hours. This method has an advantage is high accuracy,
EER might be 2...8 % for different data bases.

Introduction

At present, there are attempts to introduce

biometric technology for identification and verification
in different informational protection services [1, 2],
such as criminology, access control, and identification
systems, e-commerce systems, general informational
security systems (authorization and access to the
information system), voting and electronic digital
signature  systems, electronic  payments, state
identification projects (border crossing, visas), etc.
Fingerprint recognition is a problem that has been
studied for 40 years and it is still an open issue.

It should be noted that despite huge number of
published articles no one service (protocol) has been
developed that used biometric data and responded all
requirements of integrity, authenticity, accessibility, and
information systems confidentiality and services [3, 4].

Minutia cylinder codes [5] are minutiae based
fingerprint description that used 3D cylinder structures.
Each cylinder is a local structure and contains data
about spatial and directional contributions of minutia. It
should be noted that this method is very hard for

In the paper [6, 7] authors propose a ranking-based
sensitive hashing for biometric protection that used so-
called index-of max (loM) for biometric fingerprint
protection. This method IoM used cylinder
structures [5], multiplication of matrixes, and choice by
the maximum. This method is enough good for voice
verification (EER 7 %), but results are not good enough
for fingerprints. EER is about 40 %. The speed of
verification after writing templates is quite high.

In [8] the authors proposed the method which is
called MVD for obtaining a vector of real numbers. This
method has advantages: simplicity and fast fingerprint
verification. The method allows constructing local
structures. Also, it provides stability to linear and
angular deformations and resistance to appear false
minutiae and disappear truth ones as in [5]. The scheme
of decomposition is shown in Figures 1, 2. But this
method also has a disadvantage - low accuracy. Figure 2
is shown the decomposition of the real fingerprint from
a database.
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Method MVD was criticized in the paper [9]
because an attacker can create a fake fingerprint with a
set of artificial minutia vicinity from the compromised
template. Matcher simply can compare the features of
minutiae triangles directly without knowledge of
minutiae locations and orientations.

It is suggested binarization of vectors decreases the
speed of verification. The task of binarization is solved
in many papers like [5, 10]. But after using these
methods the quality of vectors is decreased.

The MVD method with higher-level graphs solves
all problems that were mentioned above: accuracy, time
of verification, and the criteria of security. The goal of
the research is to develop real number vectors that can
respond to criteria for biometric template protection
schemes such as irreversibility with the corresponding
accuracy of equal error rate (EER).

1. Schema of MVD with higher level graphs

According to [11] minutia template is
T={m1, My, ... my}. Each minutia is a triplet m={Xm, Ym,
Om}, where Xm and ym is a minutia location or
coordinate, Om — IS a minutia direction, n — amount of
minutiae in template.

The paper suggests the method based on MVD [8],
but it uses the higher level graphs. It is not possible to
be completely sure about existence or absence of any
minutia. For this reason in the paper proposed the new
schema of decomposition for each minutia from
template of fingerprint (Figure 3). The schema is
described below with the real example. The method
consists of local structures construction [5]. Local
structures are the structures connected with local
coordinate systems of each minutia.

In the Figure 4,a and Figure 4,b there is the
vicinity that consists of 8 minutiae, these are the nearest
minutiae. Coordinates of these minutiae are seeing in
the Figure 4,b. The number of possible variants of
decomposition can be calculated with using well known
formula:

K n!

Ch :m (1)

where n — amount of minutiae from vicinity;
k — amount of minutiae are supposed really exist in
the vicinity.

According to (1) the number of possible
decompositions is calculated in the Table 1. If the
number of exist minutiae are 7 and 1 minutia is false, it
might be 8 possible variants of decompositions.

The number of false minutiae can be 2, so the
number of possible decompositions are 28. The total
amount of variants are 218. Also the schema of
decomposition is shown in the Figure 5.

93
Table 1
Possible decompositions of minutia vicinity
The number | The number The number The
S of probably | number of
of vicinity of probably L
M L false combinatio
minutiae true minutiae I
minutiae ns
8 7 1 8
8 6 2 28
8 5 3 56
8 4 4 70
8 3 5 56
) 218

In the last case triangles are considered, there are
56 variants. Preparation of such variants is not a
problem and has a solution to any amount of points.

In the Table 2 and 3 examples of these
decompositions with coordinates that were chosen in the
Figure 3 are shown. The variants with only one and two
probably false minutiae were presented. As a result
were obtained the graphs with number of point from 7
to 3. Some of these graphs are shown in the Figure 4.
For creating of these graphs was used basic well known
algorithm finding shortest distance between points. This
algorithm was described below in this paper with
changes for providing absence of crossing arcs of
graphs.

2. The basic algorithm to find out shortest
distance between points

Properties of solution of salesman task such as
resistance to points mixing, linear and angular
transformations, were studied in [12]. These properties
make it possible to use for biometric identification.

In this paper algorithm was used to sort out the
salesman task [13]:

1. Preparation of matrix of mutual distancesnxn.

2. Finding minimal values of distances in rows.

3. Subtraction minimal values of distances from
corresponding rows.

4. Finding minimal values of distances in each
column.

5. Subtraction minimal values of distances from
corresponding columns.

6. As the result, a minimum one zero element has
to be in each row and corresponding to each zero
element there is the constant of bringing, this is the sum
of minimal values in the corresponding row and
column.

7. Choice of bringing constant with the biggest
values.

8. Include the corresponding arc (i, j) in the path.

« Exclude some arc from matrix by including the
sign®©. The excluding this arc is the complicated
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Fig. 2. Vicinity minutia decomposition on the real fingerprint according to [8]
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Fig. 3. Vicinity minutiae decomposition according to the MVD with higher level graphs method
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Fig. 4. Vicinity of minutia with coordinates (127, 374): a — all fingerprint; b — the vicinity of the minutia

Table 2

Variants of minutia decompositions from 8 points

14. Deleting the crossing arcs by changing two
points on the arcs, example of this was shown bellow

No Possible variants of decompositions, Path (Table 5 and Figure 6) [14].
one minutia is false Table 3
0 0 1 2 3 4 5 6 Variants of minutia decompositions from 8 points
X | 115|149 | 103 | 102 | 173 | 158 | 104 | 274.3 No Possible varia_nts _of decompositions, Path
Y 395 | 361 | 361 | 349 | 390 420 311 two minutiae are false
1 0 1 2 3 4 5 7 0 0 1 2 3 4 5
X | 115 | 149 | 103 | 102 | 173 | 158, | 157, | 244,2 X | 115 149 103 102 173 158 2175
Y | 395 | 361 | 361 | 349 | 390 | 420 | 437 Y | 395 | 361 | 361 | 349 | 390 | 420
2 0 1 2 3 4 6 7 1 0 1 2 3 4 6
X | 115 | 149 | 103 | 102 | 173 | 104 | 157 | 300,1 X | 115 | 149 | 103 | 102 | 173 | 104 | 249,3
Y | 395 | 361 | 361 | 349 | 390 | 311 | 437 Y | 395 | 361 361 349 390 | 311
3 0 1 2 3 5 6 7 2 0 1 2 3 4 7
X | 115 | 149 | 103 | 102 | 158 | 104 | 157 | 289,5 X | 115 149 103 102 173 157 243,3
Y | 395 | 361 | 361 | 349 | 420 | 311 | 437 Y | 395 | 361 | 361 | 349 | 390 | 437
4 0 1 2 4 5 6 7 3 0 1 2 3 5 6
X | 115 | 149 | 103 | 173 | 158 | 104 | 157 | 300,9 X | 115 149 103 102 158 104 262,8
Y | 395 | 361 | 361 | 390 | 420 | 311 | 437 Y | 395 | 361 361 349 | 420 | 311
5 0 1 3 4 5 6 7 4 0 1 2 3 5 7
X | 115 | 149 | 102 | 173 | 158 | 104, | 157 | 307,2 X | 115 149 103 102 158 157 232,7
Y | 395 | 361 | 349 | 390 | 420 | 311 | 437 Y | 395 | 361 | 361 | 349 | 420 | 437
6 0 2 3 4 5 6 7
X | 115 | 103 | 102 | 173 | 158 | 104 | 157 301 26 1 3 4 5 6 7
Y | 395 | 361 | 349 | 390 | 420 | 311 | 437 X | 149 | 102 | 173 | 158 | 104 | 157 | 297,3
711 2 3 4 5 6 7 Y | 361 | 349 | 390 | 420 | 311 | 437
X | 149 | 103 | 102 | 173 | 158 | 104, | 157 | 302,3 27 | 2 3 4 5 6 7
Y | 361 | 361 | 349 | 390 | 420 | 311 | 437 X | 103 102 173 158 104 157 298,8
Y | 361 349 390 420 311 437
process. It was discussed in the [14] and shown Table 4
examples in Tables 4. Example for excluding arcs from the path
10. Cross out i-row and j-column from the matrix. Iteration Arcs from path Arcs for
11.Repeat 2-10 until the matrix has not size number excluding
(-2(@-2), 7 1618 1516
12. The last two arcs are needed to choose from the 5 3;’11 11’; 3
elements, where the excluding is not put. 3 1.5 35
13. Looking throw the path to find out crossing 4 4,6 6; 4
arcs. 5 6; 16 4;18
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3. Results of experiments

In this research each minutia is represented by the
vector. The amount of the closest minutiae is 10 was
used for creating feature vectors. The size of the vectors
was n*56, where n — the number of minutiae in
templates. Restriction on the radius of vicinity is up
to 60.
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78400 false and 1400 true tests were carried out
with using database from [15]. Each template in
database is represented by pl p2, where the first
number pl is the number of person; the second number
p2 is the position of the finger. For example, all
numbers of coincidence were given in the Table 6 for
both 0_0 and 0_1 templates.
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Fig. 5. Graphic representations of some variants of decompositions from Tables 2 and 3:

a — all minutiae are true, graph with 8 points; b — one minutia with coordinates (157, 437) is false,
graph with 7 points; ¢ — one minutia with coordinates (104,311) is false, graph with 7 points; d — one minutia
with coordinates (158,420) is false, graph with 7 points; e — two minutiae with coordinates (103,361)
and (115,395) are false, graph with 6 points, 26" variants from Table 3; f — two minutiae with coordinates
(149,361) and (115,395) are false, graph with 6 points, 27" variants from Table 3
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Table 5
Solutions from the basic algorithm and optimal solution X", Y™
Point from the path | X' Y' X" Y" X" Y" X" Y™ oX" o™ XMooy
0 111 | 173 | 111 | 173 | 111 | 173 | 111 | 173 | 111 173 | 111 | 173
1 115 | 151 | 115 | 151 | 115 | 151 | 115 | 151 | 115 | 151 | 115 | 151
2 151 | 182 | 151 | 182 | 151 | 182 | 151 | 182 | 151 182 | 151 | 182
3 168 | 201 | 168 | 201 | 168 | 201 | 168 | 201 | 168 | 201 | 168 | 201
4 171 | 214 | 171 | 214 | 171 | 214 | 171 | 214 | 171 | 214 | 171 | 214
5 196 | 216 | 196 | 216 | 196 | 216 | 196 | 216 | 196 | 216 | 196 | 216
6 214 | 229 | 214 | 229 | 214 | 229 | 214 | 229 | 214 | 229 | 214 | 229
7 225 | 247 | 225 | 247 | 225 | 247 | 225 | 247 | 225 | 247 | 225 | 247
8 221 | 252 | 221 | 252 | 221 | 252 | 221 | 252 | 221 | 252 | 221 | 252
9 216 | 263 | 216 | 263 | 216 | 263 | 216 | 263 | 216 | 263 | 216 | 263
10 101 | 368 | 137 | 380 | 137 | 380 | 137 | 380 | 137 | 380 | 137 | 380
11 115 | 392 | 115 | 392 | 115 | 392 | 115 | 392 | 115 | 392 | 115 | 392
12 137 | 380 | 101 | 368 | 101 | 368 | 101 | 368 | 101 | 368 | 101 | 368
13 166 | 231 | 166 | 231 | 176 | 240 | 148 | 248 | 129 | 308 | 129 | 308
14 176 | 240 | 176 | 240 | 166 | 231 | 166 | 231 | 166 | 231 | 159 | 281
15 148 248 148 248 148 248 176 240 176 240 176 240
16 159 | 281 | 159 | 281 | 159 | 281 | 159 | 281 | 159 | 281 | 166 | 231
17 129 | 308 | 129 | 308 | 129 | 308 | 129 | 308 | 148 | 248 | 148 | 248
18 108 | 267 | 108 | 267 | 108 | 267 | 108 | 267 | 108 | 267 | 108 | 267
19 111 173 111 173 111 173 111 173 111 173 111 173
400 v 302 400
1. 368 37; 380
350 350 +
300 p A28 906 300
ﬁ 159; 281\
108:|267 hﬁ@e; 263 221; 252
& e P g 2 oz
—214—+196; 216
200 /ﬂ{ 18;“; 204 200
111; 173 '
150 *ﬁ X 150 r ‘ X
100 120 140 160 180 200 220 240 100 120 140 160 180 200 220 240
a b
Fig. 6. Excluding crossing arcs from the optimal solution:
a — solution X, Y'; b — the fifth iteration of deleting crossing arcs X", Y™
Table 6

Numbers from experiment0_0and 0_1

Total amount of numbers is 272 for experiment0 Oand 0 1

354:; 299; 349; 231; 314; 262; 394; 325; 328; 368; 306; 317; 343; 373; 373; 352; 352; 448; 284; 371; 308; 371;
288; 243; 303; 220; 263; 194; 194; 279; 302; 216; 303; 237; 325; 319; 285; 375; 319; 323; 250; 295; 312; 314;
218; 381; 296; 296; 286; 286; 270; 325; 271; 238; 287; 287; 314; 266; 336; 301; 255; 375; 378; 378; 316; 254;
327; 333; 299;273; 231; 305; 253; 350; 326; 324; 225; 314; 291;338; 264; 299; 288; 270; 287; 282; 282; 347; 369;
337; 313; 310; 352; 353;357;320;297;280;325;311;253;271;324; 404; 306; 228; 263; 310; 351; 315; 315; 234; 234;
370; 322; 234; 296; 331;365;351;337; 303; 341; 346; 365; 260;322; 301; 242;335;254;345; 302; 327; 302;387;
282:314; 277; 273; 340; 273; 293; 293; 350; 385; 221; 301; 396; 263; 324; 318; 330; 401; 330; 343; 286; 286; 328;
240; 381; 369; 292; 292; 292; 292; 250; 375; 271; 196; 242; 276

There are 272 coincidences as also it is shown in
the Table 6. Comparisons of existing methods of
verifications are shown in the Table 7. Also some other
results for true and false experiments are shown in

Table 8. Considering the experiment 0_0 and 0_1, the
result is 272 coincidences as in Table 8. In the Figure 7

FAR, FRR and EER are presented. EER is 33 %.
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Table 7
Comparisons of existing methods of verifications
Method Reference Time for '_[emplate Tlm_e_for_full EER, % Algo_r!thm for
writing verification verification
MCC [5] 37 minutes 24 hours 2-8 % Based on similarity
40 % for
MCC+IOM [5,6,7] | 37+15 minutes 1 hour fingerprint, Full coincidences
7-8 % for voice
Based on similarity,
MVD [8, 7] 17 minutes 35 minutes 23 % vulnerability
according [7]
MVD with higher Our paper | 1 hours 30 minutes 33% Full coincidences
level graphs
To decrease EER the future research will use The solution has disadvantages such as low
vectors which consist of features as in [8]: accuracy for some tests, but it can be improved by
adding features, such as angles and distances of which
Uy = (Sy1, AOpq, Oy, Sr2: AOp2, 02, Sp3, AOy3, 0rg) s (2) consist our graphs [8]. And it has to be noticed that in

where Sy, Sr2, Sr3 denote the length of the three side of a
triangle; r=1, ..., 4 corresponding to Figure 1; a1, o,
arz — represent the internal angles; or1, O, O3 are the
orientations for minutiae of the triangle. First results of
addition verification are shown in the Table 9, 10,
Figure 8,a and Figure 8, b. This research was carried
out on the templates 0_0 and 0_1 from [15].

Table 8
Values of number for full coincidences in the templates
Values of metric Values of metric
for false tests for true tests
92 00 4 4 172 00 01
77 00 45 176 00 02
113 00 46 246 00 03
146 00 47 262 00 04
135 00 50 253 00 05
190 00 51 282 00 06
151 00 52 267 00 07
96 00 53 210 01 02
140 00 54 222 01 03
86 00 55 200 01 04
112 00 56 202 01 05
125 00 57 201 01 06
Conclusions

In the research the solution for verification task of
fingerprint was suggested. Our solution has advantages
(Table 7):

- high speed of extracting the vectors of real
values, because of changing the algorithm of finding
minimal distances,

- high speed of matching templates of real vectors
in compare with cylinder codes in [9].

such program finding parameters and testing are
required a huge amount of time. EER=33 %. This result
is not as good as in [5], but matching of templates was
carried out for total coincidences of real number, not a
similarity that is used at verifications. This is better
result than in [6], because the result from the method
index-of-max is 40 %.
1
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Fig. 7. FRR pink and red curves, FAR — blue curve,
EER =33%: a — full chart; b - enlarged part of chart
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Table 9 References (GOST 7.1:2006)
Addition verification with using distances

No | Path Si 1. Mathematical model of the biometric system of

00|22 | 51 45 |33 32 29 |15 14 fingerprint authentication [Text] / Serghii Rassomakhin,

0112201 51 | 45 | 32| 32 | 28 | 16| 12 Kate Budianska, Anna Uvarova, Mykhaylo Bagmut //
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Table 10 M 1(13) — C. 4-16. DOI: 10.26565/2519-2310-2019-1-

Coordinates of contours for templates 0_ 0 and 0_1 01.

2. Efficient fuzzy extraction of puf-induced secrets:
00 01 o
X v ™ v theory and_ applications [Text] / Jeroen Delvaux, Dawy
Gu, Ingrid Verbauwhede et al. // Conference:
L7 435 186 415 International Conference on Cryptographic Hardware
163 409 173 390 and Embedded Systems — CHES 2016. — 2016. — Vol.
193 395 205 877 9813. — P. 412-431. DOI: 10.1007/978-3-662-53140-
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300 + f K% SRR matching [Text] / Wajih Ullah Baig, Umar Munir,

250 12K S~ SORHGS - Waqas Ellahi, Adeel Ejaz, Kashif Sardar // 2019

200 R . i International Conference on Frontiers of Information

150 A el f Technology (FIT), 2019. — P. 1-12. DOI:

o 2% L s, 10.1109/F1T47737.2019.00024.

- ‘ X ‘ 6. Ranking based locality sensitive hashing
5 X enabled cancelable biometrics: index-of-max hashing
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Ky L — N - 7. Cryptographic Key Generation from PUF Data

430 JRITE]435 X229- 434 X Using Efficient Fuzzy [Text] / H. Kang, Y. Hori, T.

X L Katashita, M. Hagiwara, and K. Iwamura //

410 \N\J,q/k m m&q Conference: The 16th International Conference on
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Bid T 8. Zhe, A. J. Fingerprint template protection with
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Zhe, Andrew Teoh Beng Jin // 2011 International Joint
Conference on Biometrics (1JCB), 2011. — P. 1-7. DOI:
10.1109/1JCB.2011.6117597.

9. Non-invertible  graph-based  hamming
embedding transform for fingerprint protection [Text] /
Zhe Jin, Bok-Min Goi, Andrew Beng Jin Teoh, Yong
Haur Tay // 2014 International Conference on
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Fig. 8. Demonstration of addition verification
for the future research; red color for the template 0_0
and blue color for the template 0_1:
a — full chart; b — enlarged part of chart
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METO/I JEKOMMO3UIIIi OKOJIML[b MIHYIIIi 3 BAKOPUCTAHHSIM I'PA®IB BLIbLIOIO
MOPSIAKY /151 BEPUGIKALIT BUIBUTKIB MAJILLIB

C. I. Paccomaxin, O. M. Menko3vopoesa, O. I1. Hapexncuiii

IIpemmeT HaBYaHHSA CTATTI — PO3pOOKA JIOKABHUX CTPYKTYP BiIOUTKIB MAaJbBIIB, IKAH 3aCHOBYETHCS Ha METO/I
JICKOMITO3HLIIT OKOJIMIb MIHYLIH I BUpIMIeHHs 3a/1a4i Bepudikanii BinOUTKIB nanbui. Lle myxe Baxiusa 3anaya,
TOMY IO NMPHU3BOJATHCS CHPOOH BBEIICHHS O10METPUYHUX TEXHOJIOTIH y pi3Hi 00JacTi COLIAIILHOTO Ta JIEPKABHOTO
XKUTTSA. Mera moJsrae y po3poOii BEKTOpiB MiHCHUX YHCElN, SKi MOXYTHb BINMOBINATH KPHUTEPIAM O CXEMH
010METPUYHOTO 3aXUCTY, TAKUM SIK HE3BOPOTHICTh 3 BIAMOBIIHOK TOYHICTIO piBHS ekBiBaneHTHOI momuiku (EER).
[MpoGnema, sixa nossrae pilieHHIO — 1€ IpoOJiemMa BiANOBIAHOT TOYHOCTI MpH BepUdikalii, TOMy IO € TTOMHJIKOBI
MiHymiii, MiHYIIi, SKi JOMHCYIOTHCS, JiHIWHI Ta KyToBi Aedopmarliii. MeTox BUKOPUCTOBYE YIOCKOHAJICHUN METON
MVD, BiH BHKOpHCTOBYE Tpadu 3 KITBKICTIO TOUOK Bif 7 1o 3. Lo cxeMy IeKOMITO3UII1 HABEIEHO y CTATTi, TAKHUI
BapiaHT He OyJIo PO3IJISIHYTO y HAayKOBHX CTAaTTAX paHimie. byjgo oTpuMaHO HacTymHI pe3yiabTaTH: OMKHC HOBOTO
Merony Juisi Bepudikamii BiIOWTKIB HajibLiB. MM 3anpoNoOHYBaJM HOBY METPUKY JUIA NMOOYIOBH BEKTOPIB —
MiHIMalIbHY BiJICTaHb MK TOYKaMH y Tpadax. Y CTaTTi TaKOXX HaBEACHO YIOCKOHAIICHUH alTOPUTM IS MOIIYKY
MiHIMaJIBHOI BiZICTaHi, TOMY IO KJIACHYHUI alNTOPUTM Mae MpOOJIeMH Yy JAEsSKUX BUIAKaX 3 KUIbKICTIO TOUOK Bix 6.
i npoGnemu: 1e nyrd, sKi NEPEeTUHAIOTHCS Ta BUKIIOYEHHS Iyr 3 Mapumpyty. MM 3ampoloHOBYEMO IUISX
BHpIMIEHHA IIi€l MpoOleMH Ta HANAEMO TPHUKIAL 3 KUIBKICTIO TOYOK, sika nopiBHIoe 20. Pesymbratm piBHA
nomunikoBoi BigmoBu (FRR), piBus momunkosoro npwmiinstrts (FAR), EER € y crarri. Mu nposenu 78400
noMuiikoBux Ta 1400 npificHux BUnpoOyBaHb. MoxkHa c(OpMyYJIIOBATH HACTYITHI BUCHOBKH: piBeHb EER nopiBHioe
33 % npu noBHOMY mepedopi npu TecTyBaHHI. Lle He Halkpamli pe3ynbTari y CBiTi, ajie IIpHU HAIllOBHEHI BEKTOPIiB
JICHUX YHCe MU HE BUKOPHCTOBYBAIIM BIJICTaHI MiX MIHYLISIMHU Ta KyTH, IKi BUKOPHUCTOBYIOTBCS y KIACHIHOMY
Meroni MVD. V HacTymHUX JOCHKEHHSIX MM OyJeMO BHKOPHUCTOBYBATH LI METPHUKH N0JaTKOBO. Takox Tpeba
BU3HAYUTH, IO PE3YJIbTATH HABEIEHO JUIsl TIOBHOTO 30iry YHCel, a He JUIS CXOXKOCTI BEKTOPIB, SIK 1€ 3aCTOCOBYETHCS
nipu Bepudikarii. Lle tocute Heroranuii pe3ynpTar, TOMy 10 pe3yJIbTaT IIPU 3aCTOCYBaHHS METOy 33 HaAWOIIbIINM
IHIEKCOM CTaHOBUTH OsM3bK0 40 %.

KoarouoBi cioBa: Bepudikailiss BiIOWTKIB MaNbIiB; JEKOMIIO3HIsS OKOJHIb MIiHYIii; piBeHb MOMHIIKOBOT
BiIMOBH; piB€Hb TIOMIIIKOBOTO IPUHHSITTS; piBEHb CKBIBAJICHTHOIT IIOMIIKH; MiHIMaJIbHA BiZICTaHb Yy rpadi.

METO/J JEKOMITO3UIIMN OKPECTHOCTEN MUHYIIUM C UCOJIb30BAHUEM I'PA®OB
BOJIBHIETI'O NOPAJKA J1JISA BEPUOUKALINU OTIIEYATKOB ITAJIBIIEB

C. I'. Paccomaxun, O. M. Menko3zeposa, O. Il. Hapescnuii

[IpenmeToM n3ydeHHs CTAaThU SBISIETCSA pa3padOTKa JOKAJIbHBIX CTPYKTYP OTIICYATKOB MANIbIEB, KOTOPBIHA
OCHOBBIBAETCSl HA METOJIE IEKOMIIO3UIINY OKPECTHOCTEH MUHYIIMH JUIsl PEelIeHHs 3aJaul Bepr(UKauy OTIEYaTKOB
naablieB. JTO OYEHb Ba)XKHAs 33/1a4a, IIOTOMY YTO ITPOM3BOASATCS TONBITKA BBEACHHS OMOMETPHIECKUX TEXHOJIOTHH
B pa3M4yHBIE O0JIACTH COIMAIBHON W TOCYIapCTBEHHOW Xu3HU. Llenb uccienoBaHWsl COCTOMT B pa3pabOTKe
BEKTOPOB JICHCTBUTEIBHBIX YUCEN, KOTOPHIE MOT'YT COOTBETCTBOBATh KPUTEPHUSIM CXEMbl OMOMETPUYECKOMN 3aIUTBHI,
TaKUM KaKk HeoOpaTHMOCTh C COOTBETCTBYIOIIEH TOYHOCTHIO ypoBHs paBHOW ommbOku (EER). IIpo6nema, koTopas
MIOJUIEKHUT PEUICHHI0 - 3TO MpoOJieMa COOTBETCTBYIOIIEH TOYHOCTH NPH BepH(UKAIIMM, TaK KaK CYIIECTBYIOT
JIOKHBIE MUHYIIUUH, MUHYITUH, KOTOPbIE JOMUCHIBAIOTCS, JIMHEITHbIE W YTIIOBBIE AedopMarui. MeTo] HCIOIb3yeT
yCOBEpIIEHCTBOBaHHBIH MeTox MVD, oH wucmons3yer rpadsl ¢ kommdectBoM Touek or 7 mo 3. Cxema
JEeKOMITO3WIIMK TPUBEACHA B CTaThe, TAKOW BapHaHT He ObUT PacCMOTPEH B HAy4YHBIX CTaThsIX paHee. Bruim
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MOJYYEeHBbI CIEAYIOIINEe pPe3yJbTaThl: ONMCAHME HOBOIO MeToja JUIl BepU(HKALWU OTIEYAaTKOB MNaybleB. MEI
MIPEATIOKIIN HOBYIO METPHKY JUIS OCTPOSHHSI BEKTOPOB - MUHUMAJIBHOE PACCTOSIHUE MEXIy TOUYKaMH B rpadax. B
CTaThE TAKXKE NPHUBEACHBI YCOBEPIICHCTBOBAHHBIN AJTOPUTM JUIS MOWCKA MHHHUMAIBHOTO PACCTOSIHHUS, TaK Kak
KJIACCHYECKHUH JITOPUTM MMEET MPoOIeMbl B HEKOTOPBIX CIIydasX ¢ KOJHYECTBOM TOYEK OT 6. DTH NpOOJIEMBI: 3TO
JyTH, KOTOPBIE TIEPECEKAIOTCS U UCKITIOUEHH YT U3 MapiipyTa. Mbl IpEeIOKIAIN ITyTh PELICHHUS 3TON MpoOIeMbl
1 TIPUBENN TPUMEP C KOJIWYECTBOM ToueK, paBHOH 20. Pesympratel ypoBHA jJoxHOTO OTKa3a (FRR), ypoBus
noxHoro gocryna (FAR), skBuBanentHas omunbka (EER) mokaszansl B ctatee. Mbl ipoBenu 78400 noxubix u 1400
JCUCTBUTENBHBIX UCIBITAHUH. MOXHO cQOpMyIMpoBarh cieayromue BbBoAbI: ypoBeHb EER pasen 33 % npu
MOJTHOM mepedope MpH TECTUPOBAHUH. DTO HE JIydIIHE PE3yJNbTaThl B MHPE, HO NPH HAIOJHEHHUH BEKTOPOB
JCHCTBUTENBHBIX YHCENI MBI HE HCIIOJIB30BAIN PACCTOSHUSA MEXIy MUHYLUSIMU U YTJIbI, KOTOPBIE HCIONB3YIOTCS B
KinaccudeckoM Meroge MVD. B mnocnepyrommx HMcClIeIOBaHMSAX MbI OyleM HCIOJb30BaTh O3TH METPUKH
JONOJHUTENBHO. Taxke Hazo 0003HAYNTb, YTO PE3yIbTATHI NIPUBEACHBI AJISI IIOJIHOTO COBIAJICHUS YHCEI, a HE I
CXOJICTBA BEKTOPOB, KaK 3TO NMPHUMEHSACTCA NpH BepH(UKAINU. DTO IOBOJBHO HEIUIOXOH pe3yibTar, MOTOMY YTO
pe3yNbTaT Npu NPUMEHEHUH METO/1a 110 MaKCUMaJIbHOMY MH/IEKCY cocTaBisieT okono 40 %.

KaroueBble ciioBa: BepuduKanus OTHEYATKOB MaJbIEB; JEKOMIIO3UINS OKPECTHOCTEH MHUHYLMH; YpPOBEHBb
JIO)KHOTO OTKa3a; YPOBEHb JIOXKHOTO JIOCTYIA; YPOBEHb JKBHBAJICHTHON OIIMOKM; MHHHMAalbHOE DPACCTOSHHE B

rpade.
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