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Abstract 

The purpose of the research is improving the accuracy and speed of real-time recognition of vehicle registration 

plates through the use of a hybrid method adapted to Russian standards and resistant to environmental conditions. 

Methods. This paper proposes and tests a hybrid method for recognizing vehicle registration plates based on the 

YOLOv12 – EasyOCR pipeline architecture. A unique training dataset was synthesized to ensure maximum variabil-

ity. A comparative analysis of detectors (YOLOv10, YOLOv12, RT-DETR) was conducted, confirming the feasibility of 

using the YOLOv12 model, which demonstrated the best performance on the most important metrics (Precision = 

= 0,99, Recall = 0,98, and mAP0,5:0,95 = 0,91). A multivariate image preprocessing pipeline for OCR was developed, 

performing sequential transformations of the cropped image, including adaptive scaling, contrast enhancement, noise 

reduction, and morphological operations. To minimize typical OCR errors, a limited set of acceptable characters was 

used, and an algorithm for checking compliance with the Russian license plate format was implemented. 

Results. The OCR performance was assessed by comparing the recognized text with the reference text using quan-

titative metrics such as Character Recognition Rate (CRR) and Plate Recognition Rate (PRR), which is the industry 

equivalent of Word Recognition Rate (WRR). A series of experiments were conducted on a test dataset. Experi-

mental validation of the proposed hybrid method for recognizing vehicle license plates confirmed its high efficiency 

(quantitative metric values of mAP0,5:0,95 = 0,91, CRR = 99,0 %, PRR = 98,5 %), demonstrating the method's ability to 

ensure robust recognition under real-world conditions. 

Conclusion. The obtained results correspond to the upper limit of the performance range of modern automatic 

recognition systems, including commercial solutions. This demonstrates the high competitiveness of the proposed 

method. 
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87 =8E A>AB>8B 87 87>1@065=89, ?>;C-
G5==KE 2 8450;L=KE CA;>28OE, GB> <>-
65B >B@078BLAO =0 >1>1I0NI59 A?>-
A>1=>AB8 ! . �AE>4O 87 B>3>, GB> AC-
I5AB2CNI85 !� =5 C4>2;5B2>@ONB B@5-
1>20=8O< 8AA;54>20=8O, 4;O >1CG5=8O 
!  1K; A8=B578@>20= C=8:0;L=K9 >1C-
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G0NI89 !�, AD>@<8@>20==K9 =0 >A=>-
25 2845><0B5@80;>2, ?>;CG5==KE A :0-
<5@ =01;N45=8O, CAB0=>2;5==KE =0 02-
B><>18;L=KE 4>@>30E 8 >1J5:B0E 
B@0=A?>@B=>9 8=D@0AB@C:BC@K. �;O 
>15A?5G5=8O <0:A8<0;L=>9 20@80B82=>-
AB8 40==KE 4;O D>@<8@>20=8O !� 1K;8 
8A?>;L7>20=K 70?8A8, A45;0==K5 ?@8 
@07;8G=KE CA;>28OE >A25I5==>AB8 8 
?>3>4K, 2:;NG0O 4>64L, A=53 8 BC<0=, 
:>B>@K5 2=>AOB 5AB5AB25==K5 8A:065-
=8O 8 HC<K. #@8 ?>:04@>2>9 @07182:5 
A>1@0==KE 2845>D@03<5=B>2 >ACI5AB2-
;O;0AL D8;LB@0F8O ?>;CG5==KE 87>1-
@065=89 (87 >1I53> ?>B>:0 8A:;NG0-
;8AL :04@K A G@57<5@=K< @07<KB85< 
8;8 ?>;=K< ?5@5:@KB85< �$� &%, =5 
=5ACI85 ?>;57=>9 8=D>@<0F88 4;O 
>1CG5=8O <>45;8). 

% F5;LN >15A?5G5=8O 2KA>:>9 
>1>1I0NI59 A?>A>1=>AB8 !  8 
?@54>B2@0I5=8O MDD5:B0 ?5@5>1CG5=8O 
?@8<5=O;8AL <5B>4K 0C3<5=B0F88 40=-
=KE, 70:;NG0NI85AO 2 ?>A;54>20B5;L-
=>< ?@8<5=5=88 :><?;5:A0 35><5B@8-
G5A:8E 8 F25B>2KE B@0=AD>@<0F89, <>-
45;8@CNI8E B8?8G=K5 8A:065=8O, E0-
@0:B5@=K5 4;O :0<5@ =0@C6=>3> =01;N-
45=8O. #@8 0C3<5=B0F88 40==KE 1K;8 
@50;87>20=K A;CG09=K5 ?>2>@>BK 87>1-
@065=89 2 480?07>=5 >B –15 4> +15 3@0-
4CA>2, 8<8B8@CNI85 =5B>G=>AB8 CAB0-
=>2:8 :0<5@ 8;8 =0:;>= &%, >?5@0F88 
<0AHB018@>20=8O 8 A42830, ?>72>;ON-
I85 <>45;8@>20BL 87<5=5=85 48AB0=-
F88 4> >1J5:B0 8 53> A<5I5=85 >B=>A8-
B5;L=> F5=B@0 :04@0, 2:;NG5=K ?@>F5-
4C@K :>@@5:F88 O@:>AB8 8 :>=B@0AB=>-
AB8, :>B>@K5 >15A?5G820NB 040?B0F8N 
<>45;8 : @57:8< ?5@5?040< >A25I5=8O, 
2>7=8:0NI8< 2 A>;=5G=>5 2@5<O ACB>: 
8;8 ?@8 A25B5 D0@ 2 =>G=>5 2@5<O. �;O 

8<8B0F88 @0AD>:CA8@>2:8 >1J5:B820 
8;8 2>7459AB28O 0B<>AD5@=KE >A04:>2 
?@8<5=O;>AL 4>102;5=85 30CAA>2A:>3> 
HC<0 8 @07<KB85 ?> <5B>4C �0CAA0. 

�B>3>2>9 >1J5< !� ?>A;5 ?@8<5-
=5=8O ?@>F54C@K 0C3<5=B0F88 A>AB028; 
3000 87>1@065=89. �A5 87>1@065=8O 
1K;8 ?@>0==>B8@>20=K. !� 1K; @0745-
;5= =0 B@8 =57028A8<K5 2K1>@:8 – >1C-
G0NICN, 20;840F8>==CN 8 B5AB>2CN 2 
A>>B=>H5=88 70, 20 8 10 % A>>B25B-
AB25==> >B >1I53> >1J5<0 40==KE.  

#@8 2K1>@5 >?B8<0;L=>3> 20@80=-
B0 45B5:B>@0 4;O 8A?>;L7>20=8O 2 38-
1@84=>< <5B>45 @0A?>7=020=8O �$� &% 
1K; ?@>2545= A@02=8B5;L=K9 0=0;87 
@07;8G=KE <>48D8:0F89 >4=>MB0?=KE 
0@E8B5:BC@ YOLOv10, YOLOv12 8  
RT-DETR. #@>F5AA >1CG5=8O :064>9 
87 0@E8B5:BC@ ?@>2>48;AO 2 A>>B25B-
AB288 A 548=K<8 ?0@0<5B@0<8 >1CG5-
=8O =0 A8=B578@>20==>< @0=55 !� (:>-
;8G5AB2> M?>E >1CG5=8O: 100; @07<5@ 
10BG0: 32; @07<5@ 2E>4=>3> 87>1@065-
=8O: 640 × 640 ?8:A5;59, >?B8<870B>@: 
AdamW, =0G0;L=0O A:>@>ABL >1CG5=8O: 
10–3, :>MDD8F85=B 8<?C;LA0: 0,937). 

�;O 02B><0B8G5A:>3> ?@54>B2@0I5=8O 
871KB>G=>3> >1CG5=8O 8A?>;L7>20;AO 
<5E0=87< @0==59 >AB0=>2:8 A ?0@0<5B-
@>< «B5@?5=8O», @02=K< 10 M?>E0<. 
�A?>;L7>20;>AL :>A8=CA=>5 70BCE0=85 
A:>@>AB8 >1CG5=8O 4> D8=0;L=>3> 7=0-
G5=8O 10–5, ?@8<5=5=0 L2-@53C;O@870F8O 
4;O ?@54>B2@0I5=8O G@57<5@=>3> @>AB0 
01A>;NB=KE 7=0G5=89 25A>2. 

�K;0 ?@>2545=0 >F5=:0 :0G5AB20 
>1CG5=8O ! . �@0D8:8 DC=:F88 ?>B5@L 
Box Loss, @0AAG8B0==K5 =0 20;840F8>=-
=>9 2K1>@:5, ?@54AB02;5=K =865 
(@8A. 1). 
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$<E. 1. �@0D8:8 DC=:F88 ?>B5@L Box Loss 4;O !  RT-DETR, YOLOv10 8 YOLOv12 

Fig. 1. Box Loss function graphs for RT-DETR, YOLOv10 and YOLOv12 models 

(C=:F8O Box Loss ?@54AB02;O5B A>-
1>9 :><?>=5=B >1I59 DC=:F88 ?>B5@L 
! , >B25G0NI89 70 >?B8<870F8N ?@>-
AB@0=AB25==KE ?0@0<5B@>2, ?@54A:07K-
205<KE "$. Box_loss 2KG8A;O5B ?@>-
AB@0=AB25==>5 @0AA>3;0A>20=85, CG8BK-
20O =5 B>;L:> ?>78F8>==K5 A<5I5=8O, 
=> 8 35><5B@8G5A:85 0A?5:BK (A>>B=>-
H5=85 AB>@>=, ?5@5:@KB85) [14]. � 0@-
E8B5:BC@0E YOLO 8 RT-DETR 4;O @0A-
G5B0 MB>3> 2840 ?>B5@L 8A?>;L7C5BAO 
DC=:F8O CIoU (Complete Intersection 
over Union) Loss, :>B>@CN <>6=> ?@54-
AB028BL A ?><>ILN  LCIoU =  1 2  IoU + Ä2(A, B)c2 +  αv, (1) 

345 A 8 B – ?@54A:070==0O "$ 8 =0AB>-
OI0O "$ A>>B25BAB25==>; IoU – MB> :>-
MDD8F85=B ?5@5A5G5=8O (A + B) 8 >1J-

548=5=8O (A , B) ?;>I0459, >?@545;O5-
<K9 ?> IoU = S(A + B)S(A , B), (2) 

?@8 MB>< IoU = 0, 5A;8 � 8 � =5 ?5@5A5-
:0NBAO; IoU = 1 – 2 A;CG05 8450;L=>3> 
=0;>65=8O [15]; Ä2(A, B) – 52:;84>2> 
@0AAB>O=85 <564C F5=B@0<8 @0<>: A 8 
B; A – 4803>=0;L =08<5=LH59 >E20BK-
20NI59 @0<:8, :>B>@0O 2:;NG05B 2 A51O 
8 ?@54A:070==CN, 8 8AB8==CN @0<:8; 
α – ?>;>68B5;L=K9 25A>2>9 :>MDD8F8-
5=B, >?@545;O5<K9 ?> α = v(1 2 IoU) + v , (3) 

345 v – ?0@0<5B@, 87<5@ONI89 AE>65ABL 
A>>B=>H5=8O AB>@>= @0<>:, >?@545;O5-
<K9 ?> 

v = 4Ã2 (arctan (wBhB ) 2 arctan (wAhA ))2, (4) 

345 wB 8 hB – H8@8=0 8 2KA>B0 8AB8=-
=>9 @0<:8; wA 8 hA – H8@8=0 8 2KA>B0 
?@54A:070==>9 @0<:8. 

(C=:F8O ?>B5@L Classification Loss 

>B@0605B A?>A>1=>ABL <>45;8 :>@@5:B-
=> >?@545;OBL :;0AA >1=0@C65==>3> 
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>1J5:B0. � A;CG05 @5H5=8O 7040G8 45-
B5:F88 Classification Loss 87<5@O5B 
AB5?5=L C25@5==>AB8 <>45;8 2 B><, GB> 
>1=0@C65==K9 >1J5:B 459AB28B5;L=> 
?@8=04;568B F5;52><C :;0AAC, 0 =5 O2-
;O5BAO D>=>2K< M;5<5=B>< [16]. � @0A-
A<0B@8205<KE 0@E8B5:BC@0E 45B5:B>-
@>2 ?@8<5=O5BAO DC=:F8O ?>B5@L 
BCEWithLogitsLoss (Binary Cross-Entropy 

with Logits Loss), >?8AK205<0O ?> LBCE =  2 [y ∙ log(σ(x)) + (1 2 y) ×∙     × log(1 2 σ(x))],                                (5) 

345 y – 18=0@=K9 8=48:0B>@ ?@8=04-
;56=>AB8 : :;0AAC ?@8 y ∈ {0,1}; x – 
2KE>4 <>45;8 (;>38B); Ã(x) – DC=:F8O 
A83<>84K, ?@5>1@07CNI0O ;>38B 2 25-
@>OB=>ABL, >?@545;O5<0O ?> σ(�) = 11 + e2�. (6) 

�@0D8:8 DC=:F88 ?>B5@L Classifica-

tion Loss 4;O !  RT-DETR, YOLOv10 8 
YOLOv12, @0AAG8B0==K5 =0 20;840F8-
>==>9 2K1>@:5, ?@54AB02;5=K =865 
(@8A. 2). 

 
$<E. 2. �@0D8:8 DC=:F88 ?>B5@L Classification Loss 4;O !  RT-DETR, YOLOv10 8 YOLOv12 

Fig. 2. Graphs of the Classification Loss function for the RT-DETR, YOLOv10 and YOLOv12 models 

� :>=B5:AB5 7040G >4=>:;0AA>2>9 
45B5:F88 <5B@8:0 Precision 2KG8A;O5BAO 
4;O ?>@>3>2>3> 7=0G5=8O confidence 
threshold, :>B>@K9 >?@545;O5B <8=8-
<0;L=CN 25@>OB=>ABL, ?@8 :>B>@>9 45-
B5:F8O AG8B05BAO 20;84=>9.  5B@8:0 
Precision >?@545;O5BAO ?> Precision = TPTP + FP , (7) 

345 TP – :>;8G5AB2> :>@@5:B=> >1=0@C-
65==KE >1J5:B>2 F5;52>3> :;0AA0; FP – 

G8A;> ;>6=KE A@010BK20=89, B. 5. A;C-
G052, :>340 <>45;L >H81>G=> 845=B8-
D8F8@>20;0 D>=>2K9 M;5<5=B :0: >1J-
5:B 8=B5@5A0 [17]. 

�=0G5=85 <5B@8:8 ?@8=04;568B 
8=B5@20;C >B 0 4> 1, 345 1 A>>B25B-
AB2C5B 8450;L=><C AF5=0@8N >BACB-
AB28O ;>6=KE 45B5:F89. $0AA<>B@8< 
3@0D8:8 <5B@8:8 Precision 4;O !  
RT-DETR, YOLOv10 8 YOLOv12, @0A-
AG8B0==K5 =0 20;840F8>==>9 2K1>@:5 
=865 (@8A. 3). 
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$<E. 3. �@0D8:8 >F5=:8 :0G5AB20 :;0AA8D8:0F88 Precision 4;O !  RT-DETR, YOLOv10  
             8 YOLOv12 

Fig. 3. Graphs of the Precision classification quality assessment for the RT-DETR, YOLOv10  
           and YOLOv12 models 

 5B@8:0 >F5=:8 :0G5AB20 :;0AA8-
D8:0F88 Recall >?@545;O5BAO ?> Recall = TPTP + FN  , (8) 

345 FN – G8A;> ?@>?CI5==KE >1J5:B>2, 
B. 5. A;CG052, :>340 =><5@=>9 7=0: ?@8-
ACBAB2>20; =0 87>1@065=88, => <>45;L 
=5 A<>3;0 53> 845=B8D8F8@>20BL [17]. 

�=0G5=85 <5B@8:8 ?@8=04;568B 8=-
B5@20;C >B 0 4> 1, 345 1 A>>B25BAB2C5B 
8450;L=><C AF5=0@8N >1=0@C65=8O 
2A5E >1J5:B>2 157 8A:;NG5=8O. �@0D8:8 
<5B@8:8 Recall 4;O !  RT-DETR, 

YOLOv10 8 YOLOv12, @0AAG8B0==K5 =0 
20;840F8>==>9 2K1>@:5, ?@54AB02;5=K 
=865 (@8A. 4). 

 
$<E. 4. �@0D8:8 >F5=:8 :0G5AB20 :;0AA8D8:0F88 Recall 4;O !  RT-DETR, YOLOv10 8 YOLOv12 

Fig. 4. Graphs of the Recall classification quality assessment for the RT-DETR, YOLOv10  
            and YOLOv12 models 
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 5B@8:0 mAP0,5:0,95 (mean Average 

Precision (AP)) ?@54AB02;O5B A>1>9 
A@54=55 0@8D<5B8G5A:>5 7=0G5=89 ?;>-

I0459 ?>4 :@82>9 Precision-Recall 4;O 
:064>3> :;0AA0 ?@8 ?>@>30E IoU >B 0,5 

4> 0,95 8 @0AAG8BK205BAO ?> mAP0,5:0,95  = (mAP0,5 + mAP0,55 + mAP0,6 + ⋯ + mAP0,95)10 , (9) 

345 mAP0,5, mAP0,55, mAP0,6 8 B. 4. – MB> 
7=0G5=8O mAP, @0AAG8B0==K5 4;O :06-
4>3> >B45;L=>3> ?>@>30 IoU 2 480?07>=5 
>B 0,5 4> 0,95 A H03>< 0,05; 10 – :>;8-
G5AB2> ?>@>3>2 IoU, ?> :>B>@K< ?@>87-
2>48BAO CA@54=5=85. 

�@0D8:8 <5B@8:8 mAP0,5:0,95 4;O 
!  RT-DETR, YOLOv10 8 YOLOv12, 
@0AAG8B0==K5 =0 20;840F8>==>9 2K-
1>@:5, ?@54AB02;5=K =865 (@8A. 5). 

 

$<E. 5. �@0D8:8 <5B@8:8 mAP0,5:0,95 4;O !  RT-DETR, YOLOv10 8 YOLOv12 

Fig. 5. Graphs of the mAP0,5:0,95 metric for the RT-DETR, YOLOv10, and YOLOv12 models 

#@>2545==K9 A@02=8B5;L=K9 0=0-
;87 <5B@8: :0G5AB20 C:07K205B =0 F5;5-
A>>1@07=>ABL 8A?>;L7>20=8O !  
YOLOv12 2 :0G5AB25 45B5:B>@0 �$� &% 
2 ?@54;0305<>< 381@84=>< <5B>45. !  
?@>45<>=AB@8@>20;0 ;CGH85 @57C;LB0-
BK ?> =081>;55 206=K< <5B@8:0< 
(Precision = 0,99, Recall = 0,98 8 
mAP0,5:0,95 = 0,91), GB> A2845B5;LAB2C5B > 
2KA>:>9 ?>;=>B5 >1=0@C65=8O �$� &% 
?@8 ?@0:B8G5A:8 ?>;=>< >BACBAB288 
;>6=KE A@010BK20=89. �;O @50;870F88 

?>;=>3> F8:;0 >1@01>B:8 2845>?>B>:0, 
2:;NG0NI53> =5 B>;L:> >1=0@C65=85 
�$� &%, => 8 @0A?>7=020=85 A8<2>;>2 
=0 =8E, <>45;L 45B5:F88 1K;0 8=B53@8-
@>20=0 A 181;8>B5:>9 >?B8G5A:>3> @0A-
?>7=020=8O A8<2>;>2 EasyOCR, 2 >A=>-
25 :>B>@>9 ;560B 3;C1>:85 !%, ?@54>-
1CG5==K5 2 B. G. =0 :8@8;;8G5A:8E A8<-
2>;0E. 

$0AA<>B@8< 1;>:-AE5<C 0;3>@8B<0 
@01>BK 381@84=>3> <5B>40 @0A?>7=020-
=8O �$� &% (@8A. 6). 
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$<E. 6. �;>:-AE5<0 0;3>@8B<0 @01>BK 381@84=>3> <5B>40 @0A?>7=020=8O �$� 

Fig. 6. Block diagram of the algorithm for the recognition of state registration plates 
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#@54;0305<K9 381@84=K9 <5B>4 
<>6=> >?8A0BL A;54CNI8< >1@07><: 

-B0? 1. �03@C7:0 :04@0 87 2845>?>-
B>:0. 

-B0? 2. �=D5@5=A !  YOLO (?5@-
28G=>5 >1=0@C65=85 >1J5:B>2 2 :04@5, 2 
E>45 :>B>@>3> ?@54A:070==K5 "$ A ?>-
:070B5;5< C25@5==>AB8 2KH5 ?>@>3>2>-
3> 7=0G5=8O @0AA<0B@820NBAO :0: :0=-
4840BK 4;O ?>A;54CNI59 ?@>25@:8 
=0;8G8O F5;52>3> >1J5:B0). 

-B0? 3. #@>25@:0 ?@8ACBAB28O �$� 
&% 2 :04@5. �A;8 �$� &% >BACBAB2C5B 2 
:04@5, B> 2K2>48BAO @57C;LB0B «�$� &% 
>BACBAB2C5B 2 :04@5» 8 ?@>8AE>48B ?5-
@5E>4 : A;54CNI5<C :04@C 2845>?>B>-
:0, 2 A;CG05 ?@8ACBAB28O �$� &% 2 :04-
@5 – ?5@5E>4 : MB0?C 4. 

-B0? 4. �K1>@ "$ A =082KAH8< 
7=0G5=85< ?>:070B5;O C25@5==>AB8.  

-B0? 5. "1@57:0 >1;0AB8 2>:@C3 �$� 
&% A 7040==K< >BABC?>< PAD_RATIO 
(PAD_RATIO = 0,15). 

-B0? 6.  =>3>20@80=B=0O ?@54>1-
@01>B:0 2K@570==>9 >1;0AB8 4;O OCR. 

!0 40==>< MB0?5 2K?>;=O5BAO ?>A;54>-
20B5;L=>5 :>=2595@=>5 ?@5>1@07>20=85 
2K@570==>3> 87>1@065=8O, @57C;LB0B>< 
:>B>@>3> O2;ONBAO 9 >B45;L=KE 87>1-
@065=89, ?>;CG5==KE =0 @07=KE MB0?0E 
:>=2595@0.  

-B0? 6.1. #@5>1@07>20=85 2 >BB5=:8 
A5@>3> – ?@>F54C@0, 8A:;NG0NI0O 2;8-
O=85 F25B>2>9 8=D>@<0F88 =0 ?>A;5-
4CNI85 MB0?K.  

-B0? 6.2. �40?B82=>5 <0AHB018@>-
20=85. �A;8 2KA>B0 87>1@065=8O h <5-
=55 100 ?8:A5;59, B> : =5<C ?@8<5=O5B-
AO C25;8G5=85 A :>MDD8F85=B>< scale A 
8A?>;L7>20=85< 18:C18G5A:>9 8=B5@-
?>;OF88 ?> scale = { 1, еA?8 h ≥ 100,max (2, 120h ) ,  еA?8 h < 100. (10) 

#@8 MB>< ?>@>3 <0AHB018@>20=8O 
(100 ?8:A5;59 ?> 2KA>B5) A>>B25BAB2C5B 
<8=8<0;L=><C @07@5H5=8N, ?@8 :>B>-
@>< AB0=40@B=K5 H@8DBK =><5@=KE 
7=0:>2 A>E@0=ONB @0A?>7=0205<CN 
AB@C:BC@C. 

-B0? 6.3. ';CGH5=85 :>=B@0AB0 <5-
B>4>< CLAHE (Contrast Limited Adap-

tive Histogram Equalization). �;O :><-
?5=A0F88 =5@02=><5@=>3> >A25I5=8O 8 
=87:>3> :>=B@0AB0 ?@8<5=O5BAO <5B>4 
040?B82=>3> 2K@02=820=8O 38AB>3@0<-
<K A >3@0=8G5=85< :>=B@0AB0. #0@0-
<5B@K 0;3>@8B<0 M<?8@8G5A:8 >?B8<8-
78@>20=K: ?>@>3 >3@0=8G5=8O 38AB>-
3@0<<K clipLimit = 2,5 8 @07<5@ ;>:0;L-
=>9 >1;0AB8 tileGridSize = (8,8). 

-B0? 6.4. #>2KH5=85 @57:>AB8. 
#@8<5=O5BAO 4;O :>@@5:F88 MDD5:B>2 
@0AD>:CA8@>2:8 8 42865=8O A 8A?>;L-
7>20=85< <5B>40 =5@57:>9 <0A:8 
(Unsharp Masking) 2 :><18=0F88 A 30CA-
A>2K< @07<KB85<.  

-B0? 6.5. #>402;5=85 HC<0. #@8-
<5=O5BAO 4;O ?>402;5=8O 0448B82=>3> 
HC<0, E0@0:B5@=>3> 4;O AJ5<:8 2 CA;>-
28OE =87:>9 >A25I5==>AB8, A 8A?>;L7>-
20=85< 0;3>@8B<0 =5;>:0;L=>3> A@54=5-
3> (Non-Local Means Denoising), ?>72>-
;ONI53> :>@@5:B=> A>E@0=OBL AB@C:-
BC@=K5 45B0;8 (:@0O A8<2>;>2). 

-B0? 6.6. �40?B82=0O 18=0@870F8O. 
!0 40==>< MB0?5 A53<5=B0F8O B5:AB0 
2K?>;=O5BAO A ?><>ILN 040?B82=>3> 
?>@>3>2>3> ?@5>1@07>20=8O ?> <5B>4C 
�0CAA0 A @07<5@>< >:=0 15 ?8:A5;59 8 
:>=AB0=B>9 A42830 @02=>9 5. 

-B0? 6.7.  >@D>;>38G5A:>5 70:@K-
B85.  �;O CAB@0=5=8O <5;:8E @07@K2>2 2 
A8<2>;0E, :>B>@K5 <>3CB 2>7=8:0BL 
2A;54AB285 18=0@870F88 8;8 45D5:B>2 
?>25@E=>AB8 �$� &%, ?@8<5=O5BAO <>@-
D>;>38G5A:>5 70:@KB85.  >@D>;>38G5-



�8A5;52 �. �., �C;5H>20 �. �., &0=K38=  . "., 8 4@.     �81@84=K9 <5B>4 @0A?>7=020=8O 3>AC40@AB25==KE&   113 

Proceedings of the Southwest State University. Series: Control, Computer Engineering,  
Information Science. Medical Instruments Engineering. 2026;16(2):102–121 

A:>5 70:@KB85 – MB> :><18=0F8O 48;0-
B0F88 8 M@>788, ?@8<5=O5<0O ?>A;54>-
20B5;L=>. "=> 8A?>;L7C5BAO 4;O B>3>, 
GB>1K 70:@KBL <0;5=L:85 >B25@AB8O 8 
A>548=8BL 1;87;560I85 >1J5:BK. �8;0-
B0F8O – MB> >?5@0F8O, :>B>@0O C25;8G8-
205B >1;0ABL 15;KE ?8:A5;59 =0 87>1-
@065=88. #@8 ?@8<5=5=88 MB>9 >?5@0-
F88 : 87>1@065=8N :064K9 ?8:A5;L 
>1E>48BAO AB@C:BC@8@CNI8< M;5<5=-
B>< (O4@><). %B@C:BC@8@CNI89 M;5-
<5=B – MB> =51>;LH0O <0B@8F0 (O4@>), 
:>B>@0O 8A?>;L7C5BAO 2 <>@D>;>38G5-
A:>9 >1@01>B:5 87>1@065=89 4;O >?@5-
45;5=8O A?>A>10 87<5=5=8O MB8E 87>1-
@065=89. #@8 ?>?040=88 ?8:A5;O 2 
F5=B@ >1;0AB8, >?@545;O5<>9 O4@><, >= 
70<5=O5BAO 7=0G5=85< <0:A8<C<0 2 MB>9 
>1;0AB8. -@>78O – MB> >1@0B=0O >?5@0-
F8O 48;0B0F88, >=0 C<5=LH05B >1J5:BK 
=0 87>1@065=88. #@8 ?@8<5=5=88 M@>-
788 :064K9 ?8:A5;L 70<5=O5BAO <8=8-
<C<>< 2 >1;0AB8, >?@545;O5<>9 O4@><. 
#8:A5;L >AB05BAO 15;K< B>;L:> 2 B>< 
A;CG05, 5A;8 2A5 ?8:A5;8 2 >1;0AB8 ?>4 
O4@>< B0:65 15;K51. 

%=0G0;0 87>1@065=85 ?>425@305BAO 
48;0B0F88 (11), 0 70B5< – M@>788 (12) A 
8A?>;L7>20=85< >4=>3> 8 B>3> 65 7=0-
G5=8O O4@0 (@07<5@ O4@0 (kernel) = 2×2 
?8:A5;O).  >@D>;>38G5A:>5 70:@KB85 
<>6=> >?8A0BL A ?><>ILN (13): D(I) = maxδ∈kernel I(x + δx, y + δy), (11) E(I) = minδ∈kernel I(x + δx, y + δy), (12) 

 
1 �8A5;52 �. �., (8;8AB %. �., ,0B0;>-

20 ". �.  5B>4K >1@01>B:8, 0=0;870 8 :;0A-
A8D8:0F88 <548:>-18>;>38G5A:8E A83=0;>2 8 
40==KE: CG51=>5 ?>A>185. %B0@K9 "A:>;: 
&>=:85 =0C:>5<:85 B5E=>;>388, 2023. 328 A. 

C(I) = E(D(I)) == E ( maxδ∈kernel I(x + δx, y + δy)), (13) 

345 I – MB> 8AE>4=>5 87>1@065=85; (x, y) – :>>@48=0BK F5=B@0 ?8:A5;O; δ – 

A<5I5=85 ?> M;5<5=B0< O4@0; kernel – 
O4@> [18]. 

-B0? 6.8. �8=0@870F8O A ?><>ILN 
<5B>40 "FC A ?@5420@8B5;L=K< ?@8<5-
=5=85< D8;LB@0 �0CAA0 (@07<5@ O4@0 
(kernel) = 5×5). 

-B0? 6.9. �=25@A8O – A>740=85 8=-
25@B8@>20==KE 25@A89 18=0@87>20==KE 
87>1@065=89 87 MB0?>2 6.6 8 6.8. 

-B0? 6.10. �0<<0-:>@@5:F8O – :>@-
@5:F8O O@:>AB8 A F5;LN 2K?>;=8BL 
C<5@5==>5 >A25B;5=85 87>1@065=8O 157 
?>B5@8 8=D>@<0F88 2 A25B;KE CG0AB:0E 
(´ = 1,3). 

-B0? 6.11. (>@<8@>20=85 20@80=-
B>2 4;O >1@01>B:8. !0 40==>< MB0?5 
?@>8AE>48B 35=5@0F8O 452OB8 20@80=B>2 
0;LB5@=0B82=KE ?@54AB02;5=89 8AE>4-
=>3> 87>1@065=8O 4;O ?>A;54CNI59 
>1@01>B:8: original/upscaled – 107>2>5 
87>1@065=85 2 3@040F8OE A5@>3>; clahe – 
20@80=B A C;CGH5==K< ;>:0;L=K< :>=-
B@0AB><; sharpened – 87>1@065=85 A ?>-
2KH5==>9 @57:>ABLN; denoised – 25@A8O 
A ?>402;5==K< HC<><; binary – 040?-
B82=> 18=0@87>20==>5 87>1@065=85 A 
<>@D>;>38G5A:>9 >1@01>B:>9; otsu – 
18=0@87>20==>5 87>1@065=85 ?> <5B>4C 
"FC; inverted – 8=25@B8@>20==K9 18=0-
@87>20==K9 20@80=B; otsu_inv – 8=25@-
B8@>20==>5 18=0@87>20==>5 87>1@065-
=85 ?> <5B>4C "FC; gamma – 87>1@065-
=85 A :>@@5:F859 O@:>AB8. 

-B0? 7. #@8<5=5=85 OCR A >3@0=8-
G5==K< =01>@>< A8<2>;>2 4;O :064>3> 
87 452OB8 20@80=B>2 ?@54>1@01>B:8. !0 
40==>< MB0?5 2K?>;=O5BAO @0A?>7=020-
=85 A8<2>;>2 =0 :064>< 87 452OB8 ?>-
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;CG5==KE 20@80=B>2 ?@54>1@01>B:8 A 
?><>ILN EasyOCR A CAB0=>2;5==K< 
>3@0=8G5=85< =01>@0 4>?CAB8<KE 4;O 
@0A?>7=020=8O A8<2>;>2. �;O C<5=LH5-
=8O 25@>OB=>AB8 >H81>: OCR =01>@ 
4>?CAB8<KE A8<2>;>2 >3@0=8G5= B>;L-
:> B5<8 A8<2>;0<8, :>B>@K5 4>?CAB8<K 
2 @>AA89A:8E �$� &%, 0 8<5==> F8D@0-
<8 >B 0 4> 9 8 :8@8;;8G5A:8<8 1C:20<8 
�, �, �, �,  , !, ", $, %, &, ', ), 0 B0:-
65 8E 0=0;>30<8 2 ;0B8=A:>< 0;D028B5. 

-B0? 8. (>@<0B8@>20=85 @0A?>-
7=0==>3> B5:AB0, 2:;NG0NI55 2 A51O 
?5@52>4 2 25@E=89 @538AB@ 8 70<5=C ?>-
E>68E A8<2>;>2 2 A>>B25BAB288 A B01-
;8F59 70<5=. 

-B0? 9. #@>25@:0 A>>B25BAB28O 
D>@<0BC. !0 40==>< MB0?5 ?@>872>48B-
AO ?@>25@:0 A>>B25BAB28O D>@<0B0 @0A-
?>7=0==>3> B5:AB0 D>@<0BC @>AA89A:>3> 
�$� &% (1C:20, B@8 F8D@K, 425 1C:2K, 
425 8;8 B@8 F8D@K). &0:65 =0 40==>< 
MB0?5 ?@>8AE>48B 8A?@02;5=85 B8?8G-
=KE >H81>: @0A?>7=020=8O, =0?@8<5@, 
5A;8 =0 <5AB5 1C:2K @0A?>7=0=0 F8D@0 
8;8 =0>1>@>B (=0?@8<5@, «B» 8 «8»), 
70<5=0 A8<2>;>2 2 >?@545;5==KE ?>78-

F8OE, 5A;8 MB> =5>1E>48<> 4;O A>>B25B-
AB28O D>@<0BC. %@548 2A5E 20@80=B>2 
2K18@05BAO ;CGH89 ?> 7=0G5=8N C25-
@5==>AB8 @57C;LB0B, :>B>@K9 A>>B25B-
AB2C5B D>@<0BC =><5@0, ;81>, 5A;8 B0-
:8E =5B, B> ;CGH89 ?> 7=0G5=8N C25-
@5==>AB8 @57C;LB0B. �A;8 @57C;LB0B 
?>;=>ABLN A>>B25BAB2C5B D>@<0BC, B> 
>= A>E@0=O5BAO :0: 20;84=K9, 2 A;CG05 
=5A>>B25BAB28O D>@<0BC – A>E@0=O5BAO 
@575@2=K9 20@80=B A =082KAH8< 7=0G5-
=85< ?>:070B5;O C25@5==>AB8. 

-B0? 10. �87C0;870F8O ;CGH53> @5-
7C;LB0B0 OCR. !0 40==>< MB0?5 ?@>8A-
E>48B 287C0;870F8O ?@54A:070==KE "$ 
=0 8AE>4=>< 87>1@065=88, A>740=85 
:>;;060 87 8AE>4=>3> 87>1@065=8O A 
?@54A:070==K<8 "$ 8 ;CGH53> @57C;L-
B0B0 OCR, A>E@0=5=85 :>;;060 8 70?8AL 
40==KE 2 CSV-D09;. 

$9;G?PF4FO < <I B5EG:89A<9 

$0AA<>B@8< ?@8<5@ <=>3>20@80=B-
=>9 ?@54>1@01>B:8 2K@570==>9 >1;0AB8 
4;O 35=5@0F88 452OB8 20@80=B>2 0;L-
B5@=0B82=KE ?@54AB02;5=89 8AE>4=>3> 
87>1@065=8O (@8A. 7). 

 
$<E. 7. #@8<5@ <=>3>20@80=B=>9 ?@54>1@01>B:8 2K@570==>9 >1;0AB8 4;O 35=5@0F88  
             452OB8 20@80=B>2 0;LB5@=0B82=KE ?@54AB02;5=89 8AE>4=>3> 87>1@065=8O 

Fig. 7. An example of multivariate preprocessing of a cut-out area to generate nine alternative  
           representations of the original image 
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!0 @8AC=:5 8 ?@54AB02;5=K @57C;L-
B0BK B5AB8@>20=8O 381@84=>3> <5B>40 
@0A?>7=020=8O �$� &% =0 B5AB>2>< 
=01>@5 40==KE. #@8 B5AB8@>20=88 8A-

?>;L7>20;8AL :04@K, A45;0==K5 ?@8 
@07;8G=KE C@>2=OE >A25I5=8O 8 @07-
;8G=>9 AB5?5=8 70HC<;5==>AB8.  

 
$<E. 8. $57C;LB0BK B5AB8@>20=8O @50;87>20==>3> 381@84=>3> <5B>40 @0A?>7=020=8O �$� &% 

Fig. 8. Results of testing the implemented hybrid method of license plate recognition 

"F5=:0 MDD5:B82=>AB8 OCR-<5B>40 
>F5=820;0AL ?CB5< A@02=5=8O @0A?>-
7=0==>3> B5:AB0 A MB0;>==K< A 8A?>;L-
7>20=85< :>;8G5AB25==KE <5B@8:, B0-
:8E :0: CRR (Character Recognition 

Rate), >?@545;O5<>9 ?> (14) 8 PRR 

(Plate Recognition Rate), O2;ONI59AO 
>B@0A;52K< 0=0;>3>< <5B@8:8 WRR 

(Word Recognition Rate), >?@545;O5<>9 
?> (15). CRR = ∑ Ntotal 2 (∑ S + ∑ D + ∑ I)∑ Ntotal , (14) 

345 Ntotal – >1I55 :>;8G5AB2> A8<2>;>2 
2> 2A5E MB0;>==KE =><5@0E B5AB>2>3> 
=01>@0 40==KE; ∑ S + ∑ D + ∑ I – AC<-
<0@=>5 :>;8G5AB2> 70<5= (S), ?@>?CA:>2 
(D) 8 ;8H=8E A8<2>;>2 (I) ?> 2A5<C B5-
AB>2><C =01>@C 40==KE. PRR = PcorrectPtotal , (15) 

345 Pcorrect – >1I55 :>;8G5AB2> =><5@-
=KE ?;0AB8=, 345 :064K9 A8<2>; A>2?0; 
A MB0;>=>< (CRR 4;O MB>3> =><5@0 @0-
25= 1); Ptotal – >1I55 :>;8G5AB2> =><5@-
=KE ?;0AB8= 2 B5AB>2>9 2K1>@:5. 

�=0G5=8O 40==KE <5B@8: C A>2@5-
<5==KE %�$ �$� &%, 2 B. G. :><<5@G5-
A:8E, ;560B 2 480?07>=0E >B 96,0 4> 
100,0 % 4;O CRR 8 >B 92,2 4> 99,9 % 

4;O PRR [19]. #>;CG5==K5 =0 B5AB>2>< 
=01>@5 40==KE 7=0G5=8O <5B@8: CRR 8 
PRR 4;O ?@54;>65==>3> 381@84=>3> 
<5B>40 @0A?>7=020=8O �$� &% @02=K 
99,0 8 98,5 % A>>B25BAB25==>. #>?040-
=85 7=0G5=89 40==KE <5B@8: 2 25@E=85 
3@0=8FK ?@54AB02;5==KE 2KH5 480?0-
7>=>2 C:07K205B =0 :>=:C@5=B>A?>A>1-
=>ABL ?@54;>65==>3> 381@84=>3> <5B>-
40 @0A?>7=020=8O �$� &%. 

�O6B8O 

� @0<:0E ?@>2545==>3> 8AA;54>20-
=8O ?@54;>65= 8 0?@>18@>20= 381@84-
=K9 <5B>4 @0A?>7=020=8O �$� &% =0 
>A=>25 :>=2595@=>9 0@E8B5:BC@K 
YOLOv12 – EasyOCR. �K; A8=B578@>-
20= C=8:0;L=K9 >1CG0NI89 !�, AD>@-
<8@>20==K9 =0 >A=>25 2845><0B5@80-
;>2, ?>;CG5==KE A :0<5@ =01;N45=8O, 
CAB0=>2;5==KE =0 02B><>18;L=KE 4>-
@>30E 8 >1J5:B0E B@0=A?>@B=>9 8=D@0-
AB@C:BC@K. �;O >15A?5G5=8O <0:A8-
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<0;L=>9 20@80B82=>AB8 40==KE 4;O 
D>@<8@>20=8O !� 1K;8 8A?>;L7>20=K 
70?8A8, A45;0==K5 ?@8 @07;8G=KE CA;>-
28OE >A25I5==>AB8 8 ?>3>4K, 2:;NG0O 
4>64L, A=53 8 BC<0=, :>B>@K5 2=>AOB 
5AB5AB25==K5 8A:065=8O 8 HC<K. #@8 
?>:04@>2>9 @07182:5 A>1@0==KE 28-
45>D@03<5=B>2 >ACI5AB2;O;0AL D8;L-
B@0F8O ?>;CG5==KE 87>1@065=89 (87 
>1I53> ?>B>:0 8A:;NG0;8AL :04@K A 
G@57<5@=K< @07<KB85< 8;8 ?>;=K< 
?5@5:@KB85< �$� &%, =5 =5ACI85 ?>-
;57=>9 8=D>@<0F88 4;O >1CG5=8O ! ).  

#@>2545= A@02=8B5;L=K9 0=0;87 
45B5:B>@>2 (YOLOv10, YOLOv12, RT-

DETR), ?>4B25@640NI89 F5;5A>>1@07-
=>ABL 8A?>;L7>20=8O <>45;8 YOLOv12, 
?@>45<>=AB@8@>202H59 =08;CGH85 ?>-
:070B5;8 =081>;55 206=KE <5B@8: 
(Precision = 0,99, Recall = 0,98 8 
mAP0,5:0,95 = 0,91). 

$07@01>B0= <=>3>20@80=B=K9 :>=-
2595@ ?@54>1@01>B:8 87>1@065=89 4;O 
OCR, 2K?>;=ONI89 ?>A;54>20B5;L=>5 
?@5>1@07>20=85 2K@570==>3> 87>1@065-

=8O, 2:;NG0NI55 040?B82=>5 <0AHB0-
18@>20=85, C;CGH5=85 :>=B@0AB0, HC-
<>?>402;5=85 8 <>@D>;>38G5A:85 >?5-
@0F88, ?>72>;ONI89 ?>2KA8BL CAB>9-
G82>ABL @0A?>7=020=8O : =5:>=B@>;8@C-
5<K< CA;>28O< 2=5H=59 A@54K. $57C;L-
B0B>< <=>3>20@80=B=>9 ?@54>1@01>B:8 
2K@570==>9 >1;0AB8 4;O OCR O2;ONBAO 
9 >B45;L=KE 87>1@065=89, ?>;CG5==KE 
=0 @07=KE MB0?0E :>=2595@0. 

�;O <8=8<870F88 B8?8G=KE >H8-
1>: OCR 1K; 8A?>;L7>20= >3@0=8G5=-
=K9 =01>@ 4>?CAB8<KE A8<2>;>2 8 @50-
;87>20= 0;3>@8B< ?@>25@:8 A>>B25B-
AB28O @>AA89A:><C D>@<0BC �$� &%. 

-:A?5@8<5=B0;L=0O 20;840F8O 
?@54;>65==>3> 381@84=>3> <5B>40 @0A-
?>7=020=8O �$� &% ?>4B25@48;0 53> 
2KA>:CN MDD5:B82=>ABL (?>;CG5=K 
7=0G5=8O :>;8G5AB25==KE <5B@8: 
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