
І!("$ �&��� &�  �&� �&�+!І  �&"�� �  "���.��!!І ▪ 2023 ▪ &>< 13, № 1-2 

173 

DOI 10.15276/imms.v13.no1-2.173 

'�� 004.056.5 

 Informatics and Mathematical Methods in Simulation 

Vol.13 (2023), No. 1-2, pp.173-179 

 

�����Щ���/ !"����!"� !"������ �$�'���� ��"��# � 
������� #� ������/� ��#���#����/� ����"����� 

��$� ��&�� � �  ���"� � &�$ ���� ����� 

 

"."./2>@AP:89, �.�.%>:>;>2 
 

!0FV>=0;P=89 C=V25@A8B5B «"45AP:0 ?>;VB5E=V:0» 

':@0W=0, "45A0, 65044, ?@-B ,52G5=:0, 1. 
email: radiosquid@gmail.com 

 
$>728B>: V=D>@<0FV9=8E B5E=>;>3V9, I> ?@872V2 4> 7@>AB0==O 4>;V 
<C;PB8<54V9=>3> :>=B5=BC C A2VB>2><C B@0DV:C, 71V;PHCє @>;P AB530=>3@0DVG=>W 
:><?>=5=B8 C ACG0A=8E A8AB5<0E 70E8ABC V=D>@<0FVW. #@8 FP><C, 704;O 
70157?5G5==O AB530=>3@0DVG=>3> 70E8ABC V=D>@<0FVW 2 @568<V @50;P=>3> G0AC 
?@8 @>1>BV 7 F8D@>28< 2V45>, AB530=>3@0DVG=89 <5B>4, >:@V< 2V4?>2V4=>ABV 
>A=>2=8< :@8B5@VO< 5D5:B82=>ABV, <0є 70157?5GC20B8 =87P:89 @V25=P 
>1G8A;N20;P=>W A:;04=>ABV, I> <>6;82> ?@8 28:>=0==V AB530=>?5@5B2>@5==O C 
?@>AB>@>2V9 >1;0ABV :>=B59=5@0. "4=8< 7 B0:8E ACG0A=8E <5B>4V2 є 
AB530=>3@0DVG=89 <5B>4 7 :>4>28< C?@02;V==O< 21C4>2C20==O< 4>40B:>2>W 
V=D>@<0FVW. #@8 FP><C >:@5<89 V=B5@5A AB0=>28BP 7040G0 ?V428I5==O ABV9:>ABV 
707=0G5=>3> AB530=>3@0DVG=>3> <5B>4C 2 C<>20E 0B0: AB8A=5==O< 0;3>@8B<0<8 
AB8A:C F8D@>2>3> 2V45>, =0A0<?5@54, @>7?>2AN465=>3> 0;3>@8B<C MPEG-4. 

 5B>N 40=>W @>1>B8 є ?V428I5==O ABV9:>ABV AB530=>3@0DVG=>3> <5B>4C 7 
:>4>28< C?@02;V==O< 21C4>2C20==O< 4>40B:>2>W V=D>@<0FVW 4> 0B0: AB8A=5==O< 

?@8 @>1>BV 7 F8D@>28< 2V45>. ' @>1>BV ?@>2545=V 5:A?5@8<5=B0;P=V 4>A;V465==O 
ABV9:>ABV AB530=>3@0DVG=>3> <5B>4C 7 :>4>28< C?@02;V==O< 21C4>2C20==O< 
4>40B:>2>W V=D>@<0FVW 2 C<>20E 0B0:8 AB8A=5==O< ?@>B8 21C4>20=>3> 
?>2V4><;5==O 0;3>@8B<>< AB8A:C F8D@>2>3> 2V45> MPEG-4 ?@8 21C4>2C20==V 
4>40B:>2>W V=D>@<0FVW V7 70AB>AC20==O< @V7=8E :>;V@=8E <>45;59. #>:070=>, I> 
21C4>2C20==O 4>40B:>2>W V=D>@<0FVW C Y-:><?>=5=BC :>;V@=>W <>45;V YCbCr 

4>72>;Oє 7<5=H8B8 :V;P:VABP ?><8;>: ?@8 28;CG5==V 4>40B:>2>W V=D>@<0FVW =0 
17%. �0?@>?>=>20=> 21C4>2C20==O 4>40B:>2>W V=D>@<0FVW V7 70AB>AC20==O< 
AB530=>3@0DVG=>3> <5B>4C 7 :>4>28< C?@02;V==O< ;8H5 C 48=0<VG=V 1;>:8, I> 
4>72>;8;> 7<5=H8B8 :V;P:VABP ?><8;>: ?@8 28;CG5==V 4>40B:>2>W V=D>@<0FVW =0 
8%. "B@8<0=V @57C;PB0B8 <>6CBP 1CB8 28:>@8AB0=V C ?@0:B8G=8E 
AB530=>3@0DVG=8E 70AB>AC=:0E 7 <5B>N ?V428I5==O ABV9:>ABV AB530=>3@0DVG=>W 
:><?>=5=B8 A8AB5< 70E8ABC V=D>@<0FVW. 
�?NчB2V E?B20: AB530=>3@0DVO, :>4>25 C?@02;V==O 21C4>2C20==O< V=D>@<0FVW, 
F8D@>25 2V45>, ?5@5B2>@5==O '>;H0-�40<0@0.  

 

�EFGC V CBEF0AB2>0 7040чV. %B@V<:89 @>728B>: ACG0A=8E V=D>@<0FV9=8E A8AB5<, 
I> 945 H;OE>< ?>2AN4=>3> 70AB>AC20==O ?@8AB@>W2, I> 35=5@CNBP, >1@>1;NNBP 
B0 ?5@540NBP F8D@>25 2V45> (*�), ?@872>48BP 4> 7=0G=>3> 7@>AB0==O @>;V 
AB530=>3@0DVW C 70AB>A>2C20=8E A8AB5<0E 70E8ABC V=D>@<0FVW. #@8 FP><C 4> 
ACG0A=8E AB530=>3@0DVG=8E <5B>4V2 28AC20NBPAO 7=0G=V 28<>38, I> 287=0G0NBP WE 
5D5:B82=VABP [1, 2]. ":@V< ABV9:>ABV 4> 0B0: ?@>B8 21C4>20=>3> ?>2V4><;5==O, 
7=0G=>W ?@>?CA:=>W A?@><>6=>ABV, 70157?5G5==O =04V9=>ABV A?@89=OBBO, @>1>B0 7 
*� ?5@5410G0є =5>1EV4=VABP 4>B@8<0==O =87P:>W >1G8A;N20;P=>W A:;04=>ABV 
AB530=>3@0DVG=8E <5B>4V2, I> 70AB>A>2CNBPAO. 

#@8 FP><C, =09G0ABVH5, 70157?5G5==O ABV9:>ABV AB530=>3@0DVG=>3> <5B>4C 
4> 0B0: ?@>B8 21C4>20=>3> ?>2V4><;5==O ?>B@51Cє @>1>B8 AB530=>3@0DVG=>3> 
<5B>4C 2 >4=V9 7 >1;0AB59 ?5@5B2>@5==O (=091V;PH 70AB>A>2C20=8< є A8=3C;O@=5 
@>7:;040==O <0B@8FP 1;>:V2 :>=B59=5@0), I> E0@0:B5@87CNBPAO 7=0G=8<8 
>1G8A;N20;P=8<8 70B@0B0<8 4;O A2>єW @>1>B8, V, 2V4?>2V4=>, <0;> ?V4E>4OBP 4;O 
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>1@>1:8 *�, >A>1;82>, O:I> 2>=0 74V9A=NєBPAO 2 @568<V @50;P=>3> G0AC. %0<5 
G5@57 F5, 2V4><V C ;VB5@0BC@V AB530=>3@0DVG=V <5B>48, I> E0@0:B5@87CNBPAO 
ABV9:VABN 4> 0B0: ?@>B8 21C4>20=>3> ?>2V4><;5==O =5 70O2;5=V O: B0:V, I> <>6CBP 
?@0FN20B8 7 *� [3&8]. &>4V O: AB530=>3@0DVG=V <5B>48, I> ?@0FNNBP 7 *�, 

=09G0ABVH5 70A=>20=V =0 <5B>4V LSB V =5 740B=V 70157?5G8B8 ABV9:VABP 4> 0B0: ?@>B8 
21C4>20=>3> ?>2V4><;5==O [9&14]. 

#5@A?5:B82=8< ?@8 @>1>BV 7 *� 210G0єBPAO 70AB>AC20==O AB530=>3@0DVG=>3> 
<5B>4C 7 :>4>28< C?@02;V==O< 21C4>2C20==O< 4>40B:>2>W V=D>@<0FVW (�І) [15], 

O:89 ?@8 @>1>BV C ?@>AB>@>2V9 >1;0ABV :>=B59=5@0 (0, >B65, V =87P:V9 
>1G8A;N20;P=V9 A:;04=>ABV) 740B=89 70157?5G8B8 21C4>2C20==O �І C BC G8 V=HC 
G0AB>B=C A:;04>2C :>=B59=5@0. #@8 FP><C, ?@8 28:>@8AB0==V =87P:>G0AB>B=8E 01> 
A5@54=P>G0AB>B=8E A:;04>28E 4;O 21C4>2C20==O �І, <5B>4 [15] ?>:07Cє ABV9:VABP 
?@8 @>1>BV 7 F8D@>28<8 7>1@065==O< 4> 0B0: AB8A=5==O< 0;3>@8B<>< JPEG, I> 
=02VBP ?5@528ICє ABV9:VABP 2V4><8E AB530=>3@0DVG=8E <5B>4V2, O:V 70A=>20=V =0 
70AB>AC20==V ?@>AB>@C ?5@5B2>@5=P. 

"4=0:, =572060NG8 =0 7=0G=V @57C;PB0B8 >B@8<0=V H;OE>< @>7@>1:8 
AB530=>3@0DVG=>3> <5B>4C 7 :>4>28< C?@02;V==O< 21C4>2C20==O< �І, G5@57 
>A>1;82>ABV 70AB>AC20==O *� 2 O:>ABV :>=B59=5@C ;8H0NBPAO =54>A;V465=8<8 
0:BC0;P=V ?8B0==O ?V428I5==O ABV9:>ABV AB530=>3@0DVG=>3> <5B>4C 4> 0B0: 
0;3>@8B<0<8 AB8A=5==O 2V45>. 

Мет>ю 40=>W @>1>B8 є ?V428I5==O ABV9:>ABV AB530=>3@0DVG=>3> <5B>4C 7 
:>4>28< C?@02;V==O< 21C4>2C20==O< �І 4> 0B0: AB8A=5==O< ?@8 @>1>BV 7 *�. 
�81VD >B?VDABW @B45?V 4?O 21G4B2G20AAO �� G &�. �:A?5@8<5=B0;P=V 
4>A;V465==O AB530=>3@0DVG=>3> <5B>4C 7 :>4>28< C?@02;V==O< 21C4>2C20==O< �І 
?@8 @>1>BV 7 *� 2 C<>20E 0B0:8 AB8A=5==O< 0;3>@8B<>< MPEG-4 ?@>2>48;8AO =0 
281V@FV 7 150 28?04:>28E *� @>7?>4V;P=>W 740B=>ABV 1280x720, B0 B@820;>ABV 15 
A5:C=4 :>6=5, I> 70AB>A>2C20;8AO 2 O:>ABV :>=B59=5@C. ' :>6=5 7 707=0G5=8E *� 
21C4>2C20;0AO �І C 2V4?>2V4=>ABV 4> AB530=>3@0DVG=>3> <5B>4C [15], ?VA;O G>3> *� 
?V44020;>AO AB8A=5==N 0;3>@8B<>< MPEG-4 7 @V7=8<8 @V2=O<8 :>5DVFVє=B0 O:>ABV 
QF V7 ?>40;PH8< 28;CG5==O< �І V >FV=:>N :V;P:>ABV ?><8;>:, I> 2V41C;8AO. 

�07=0G8<>, I> 7 ?@0:B8G=>W B>G:8 7>@C 206;828< є 281V@ :>;V@=>W <>45;V C 
O:V9 ?@54AB02;5=V :04@8 2V45> V, 2V4?>2V4=>, :>;V@=>W :><?>=5=B8 C O:V 21C4>2CєBPAO 
�І.  >6;828< є 70AB>AC20==O <>45;V RGB 01> YCbCr, ?@8 FP><C 21C4>2C20==O 
2V41C20B8<5BPAO C >4=C V7 707=0G5=8E :>;V@=8E :><?>=5=B. 

� AB0=40@BV MPEG-4 :20=BC20==O ?@>2>48BPAO C <>45;V YCbCr. �><?>=5=B8 
Y, Cb B0 Cr ?@54AB02;ONBP OA:@02VABP B0 :>;V@=C V=D>@<0FVN 7>1@065==O, 
2V4?>2V4=>. #5@52545==O 2 <>45;P YCbCr 4>72>;Oє 70157?5G8B8 <5=H89 @V25=P 
:20=BC20==O 5;5<5=BV2 Y-:><?>=5=B8, 0 B0:>6 1V;PH89 @V25=P :20=BC20==O 4;O 
5;5<5=BV2 :><?>=5=B Cb, Cr, I> 2V4?>2V40є >A>1;82>ABO< A?@89=OBBO 2V7C0;P=>W 
V=D>@<0FVW ;N48=>N. 

�0728G09, 2V4=>H5==O :20=BC20==O <V6 :><?>=5=B0<8 <>65 20@VN20B8AO 2 
70;56=>ABV 2V4 :>=:@5B=8E C<>2 V =0;0HBC20=P 0;3>@8B<C MPEG-4. 

!0 @8A. 1 ?>:070=> 3@0DV: 70;56=>ABV :V;P:>ABV ?><8;>: ?@8 28;CG5==V �І 2 
C<>20E 0B0:8 AB8A=5==O< 0;3>@8B<>< MPEG-4 ?@8 21C4>2C20==V �І 2 :><?>=5=BC 
R <>45;V RGB, 0 B0:>6 :><?>=5=BC Y <>45;V YCbCr. #@8 FP><C 2 >1>E 28?04:0E 
28:>@8AB>2C20;>AO 1V=0@=5 :>4>25 A;>2> ,16,(5,1)bT

 , ?>@O4:C 16 ý , I> 2?;820є =0 
B@0=AD>@<0=BC ?5@5B2>@5==O '>;H0-�40<0@0 (5,1). 
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 8E. 1. �@0DV: 70;56=>ABV :V;P:>ABV ?><8;>: 2V4 :>5DVFVє=BC AB8A=5==O QF ?@8 
28:>@8AB0==V :>;V@=8E <>45;59 RBG B0 YCbCr 

 

�07CNG8AP =0 @>73;O=CB8E >A>1;82>ABOE @>1>B8 0;3>@8B<C MPEG-4, O:89 
28:>@8AB>2CєBPAO 4;O ?@>2545==O 0B0:8 AB8A=5==O<, 0 B0:>6 =0 @57C;PB0B0E 
?@>2545=>3> >1G8A;N20;P=>3> 5:A?5@8<5=BC, <>65<> 7@>18B8 28A=>2>:, I> 
70AB>AC20==O ?@>AB>@C YCbCr ?@8 21C4>2C20==V �І C *� 70157?5GCє 7=0G=5 
?V428I5==O ABV9:>ABV AB530=>3@0DVG=>3> <5B>4C 4> 0B0: AB8A=5==O<. &0:, ?@8 
:>5DVFVє=BV O:>ABV QF=60, 21C4>2C20==O �І C :><?>=5=BC Y 4>72>;Oє 7<5=H8B8 
:V;P:VABP ?><8;>: =0 19.78%. 

�V47=0G8<> ?@8 FP><C, I> >A>1;82>ABV 270є<>72'O7:C 71C@5=P, I> 
>1C<>2;5=V 21C4>2C20==O< AB530=>?>2V4><;5==O B0/01> :20=BC20==O< 
B@0=AD>@<0=B ��# ?V4 G0A AB8A=5==O 1;>:V2 :>=B59=5@0, ?@8 WE ?@54AB02;5==V C 
:>;V@=8E <>45;OE RBG V YCbCr ?>B@51CNBP ?>40;PH8E B5>@5B8G=8E 4>A;V465=P. 

�1G4B2G20AAO �� G 48A0@VчAV 1?B>8 &�. �;3>@8B< MPEG-4 ?V4 G0A A2>єW 
@>1>B8, O: V V=HV 0;3>@8B<8, ?@87=0G5=V 4;O AB8A=5==O *�, 2@0E>2Cє 72’O7:8 <V6 
?>B>G=8< V ?>?5@54=V< :04@><, I> 4>72>;Oє 7=0G=> 71V;PH8B8 5D5:B82=VABP 
AB8A=5==O G5@57 VA=C20==O AB0B8G=8E 1;>:V2, I> =5 7<V=NNBPAO, 01> <0;> 
7<V=NNBPAO 2V4 :04@C 4> :04@C. &0:V 1;>:8 715@V30NBPAO ;8H5 C >?>@=8E :04@0E, 
B>4V O: V=HV :04@8 ?>A8;0NBPAO =0 FV 1;>:8, 715@V30GV C A>1V ;8H5 @V7=8FN <V6 
1;>:>< C 40=><C B0 >?>@=><C :04@V, O:0, 4> @5GV, 70728G09 ?V440єBPAO 1V;PH><C 
@V2=N AB8A=5==O. &0:8< G8=><, �І, I> 1C;0 21C4>20=0 C AB0B8G=V 1;>:8 , 7 1V;PH>N 
9<>2V@=VABN <>65 1CB8 2B@0G5=>N ?@8 0B0FV AB8A=5==O< 0;3>@8B<>< MPEG -4, 

0=V6 �І, I> 21C4>20=0 C 48=0<VG=V 1;>:8. /: ?>:070;8 ?@>2545=V 5:A?5@8<5=B8 FN 
>A>1;82VABP @>1>B8 0;3>@8B<V2 AB8A=5==O *� <>6=0 70AB>AC20B8 4;O ?V428I5==O 
ABV9:>ABV AB530=>3@0DVG=>3> <5B>4C 7 :>4>28< C?@02;V==O< 21C4>2C20==O< �І 4> 
0B0: 0;3>@8B<0<8 AB8A=5==O *�. 

�;O FP>3> ?@8 28:>=0==V AB530=>?5@5B2>@5==O, 21C4>2C20==O �І A;V4 
28:>=C20B8 BV;P:8 C 48=0<VG=V 1;>:8, B>4V O: AB0B8G=V 1;>:8 <0NBP V3=>@C20B8AO.  

�04;O 22545==O 287=0G5==O 48=0<VG=>3> 1;>:C 22545<> ?>:07=8: 
48=0<VG=>ABV. !5E09 7040=V ?>B>G=89 1;>: ( , ),l m kX  7 =><5@>< ( , )l m  45O:>3> :04@C 7 
=><5@>< 1k þ , 0 B0:>6 2V4?>2V4=89 9><C 1;>: ?>?5@54=P>3> :04@C ( , ), 1l m kX  , >18420 
@>7<V@C . ô  

&>4V ?>:07=8: 48=0<VG=>ABV 4;O 40=>3> 1;>:C 287=0G0єBPAO O: 

 
( , ), ( , ), ( , ), 1

1 1

( , ) ( , )l m k l m k l m k

i j

X i j X i j
 

ô 
ý ý

ý  , 1k þ , (1) 

?@8 FP><C 4;O 1;>:V2 :04@C 1k ý  ?@89=OB> ( , ),1l mô  . 

�87A0ч5AAO. �8=0<VG=8< =0725<> 1;>:, ?>:07=8: 48=0<VG=>ABV O:>3> 4>@V2=Nє 
01> ?5@528ICє 7040=5 3@0=8G=5 7=0G5==O õ . 

�3V4=> 4> (1) >G5284=>, I> <0:A8<0;P=5 7=0G5==O ?>:07=8:0 48=0<VG=>ABV 
A:;040є 2255 , B>4V O: 9>3> <V=V<0;P=5 7=0G5==O 2V4?>2V40є 0, I> <>6;82> B>4V, 
:>;8 6>4=89 5;5<5=B 1;>:0 =5 7<V=82AO 2V4=>A=> ?>?5@54=P>3> :04@C.  
$>73;O=5<> ?@8:;04. !5E09 7040=> :>=:@5B=V 1;>:8 ( , ),l m kX  V ( , ), 1l m kX   @>7<V@C 8 8ô  
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( , ),

122 122 120 118 117 115 114 114
122 122 120 118 117 115 114 114
122 122 120 119 117 117 115 114
123 123 120 119 118 117 115 115
123 123 120 119 118 118 116 115
122 122 120 119 118 117 117 117
123 122 122 120 120 118 118 118
123 123 122 121 120 119 118 11

l m kX ý ( , ), 1

123 123 122 119 118 116 114 114
123 123 122 119 118 116 114 114
123 123 121 119 118 117 115 115
123 123 121 120 119 118 116 115
123 123 122 120 119 118 117 117
123 123 121 120 119 118 117 117
124 124 123 122 121 119 118 118

8 1

, l m kX 

ù ù
ú ú

ý
ú ú
ú ú
ú ú
ú ú
ú ú
ú úû û

,

24 124 123 122 121 120 119 119

ù ù
ú ú
ú ú
ú ú
ú ú
ú ú
ú ú
ú úû û

 

 (2) 

?@8 FP><C @V7=8FO <V6 5;5<5=B0<8 1;>:V2 ?>B>G=>3> V ?>?5@54=P>3> :04@C 4;O 
@50;P=8E 2V45>@O4V2 70728G09 є =57=0G=>N, =0?@8:;04, 4;O 28?04:C 1;>:V2 :04@V2 
(2) >B@8<Cє<> 

( , ), ( , ), 1

1 1 2 1 1 1 0 0
1 1 2 1 1 1 0 0
1 1 1 0 1 0 0 1
0 0 1 1 1 1 1 0
0 0 2 1 1 0 1 2
1 1 1 1 1 1 0 0
1 2 1 2 1 1 0 0
1 1 1 1 1 1 1 1

l m k l m kX X 

     ù ù
     ú ú
ú ú    
ú ú    
ú ú    
ú ú     
ú ú     
ú ú

 ý

      û û

 

 (3) 

B>1B> 4;O =0H>3> 28?04:C ( , ), 53l m kô ý . 

$>7:84 ?>:07=8:V2 48=0<VG=>ABV 4;O 1;>:V2 *� 4C65 A8;P=> 70;568BP 2V4 
>A>1;82>AB59 :>=:@5B=> >1@0=>3> *�, B8< =5 <5=H, C :>=B5:ABV ?V428I5==O 
ABV9:>ABV AB530=>3@0DVG=>3> <5B>4C 7 :>4>28< C?@02;V==O< 21C4>2C20==O< �І 
V=B5@5A AB0=>28BP 7040G0 4>A;V465==O @>7?>4V;C ?>:07=8:V2 48=0<VG=>ABV 4;O 
7040=>W 281V@:8 2V45>. 

!0 @8A. 2 ?>:070=> 3VAB>3@0<C @>7?>4V;C 7=0G5=P ?>:07=8:0 48=0<VG=>ABV 
1;>:V2 4;O 281V@:8 7 150 28?04:>28E *� @>7?>4V;P=>W 740B=>ABV 1280x720 

B@820;VABN 15 A5:C=4, ?@8 FP><C 7030;P=0 :V;P:VABP 4>A;V465=8E 1;>:V2 @>7<V@C 
16 16ô  AO3=C;0 7=0G5==O 79.7 10 . �;O AB8A;>ABV ?@54AB02;5==O V=D>@<0FVW =0 @8A. 2 
?>:070=V 7=0G5==O :V;P:>ABV 1;>:V2, I> >?8=8;8AO C ?5@H8E 100 V=B5@20;0E, :>6=89 
7 O:8E <0є 4>268=C C 10 >48=8FP. 

 
 8E. 2. �VAB>3@0<0 @>7?>4V;C 7=0G5=P ?>:07=8:0 48=0<VG=>ABV 1;>:V2  

 

�=0;V7 40=8E @8A. 2 4>72>;Oє 4V9B8 28A=>2:C, I> G5@57 ?@8@>4C 2V45>@O4C 
=091V;PH 9<>2V@=>N є ?>O20 1;>:V2, I> E0@0:B5@87CNBPAO  3@0=8G=8< 7=0G5==O< 
?>:07=8:0 48=0<VG=>ABV C <560E 0 10õ ü . #@8 FP><C, 9<>2V@=VABP ?>O28 1;>:V2 
V7 3@0=8G=8< 7=0G5==O< ?>:07=8:0 48=0<VG=>ABV 50õ þ  A:;040є ~ 0.67 , 500õ þ  

A:;040є ~ 0.45 . !02545=V 7=0G5==O 1C45<> 28:>@8AB>2C20B8 4;O ?@>2545==O 
=0ABC?=8E 4>A;V465=P. 

�04;O ?V4B25@465==O 5D5:B82=>ABV 21C4>2C20==O V=D>@<0FVW ;8H5 C 
48=0<VG=V 1;>:8, 4;O O:8E ?5@528I5=> 7040=89 ?>@V3 ?>:07=8:0 48=0<VG=>ABV õ , 

1C;> ?@>2545=> 5:A?5@8<5=B8 ?> 28;CG5==N �І =0 281>@FV 7 150 28?04:>28E *� 
@>7?>4V;P=>W 740B=>ABV 1280x720 4>268=>N 15 A5:C=4 :>6=5 V7 70AB>AC20==O< 
1V=0@=>3> :>4>2>3> A;>20 ,16,(2,1)bT

  ?>@O4:C 16 ý , I> 2?;820є =0 B@0=AD>@<0=BC 

��# (2,1) 2 C<>20E 0B0:8 AB8A=5==O< 0;3>@8B<>< MPEG-4 7 @V7=8<8 :>5DVFVє=B0<8 
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O:>ABV QF. #@8 FP><C 5:A?5@8<5=B8 ?@>2>48;8AO 4;O 42>E 3@0=8G=8E 7=0G5=P 
?>:07=8:0 48=0<VG=>ABV 1;>:V2 50õ ý  V 500,õ ý  B>4V O: AB530=>?5@5B2>@5==O 
2V41C20;>AO V7 70AB>AC20==O< :>;V@=>W <>45;V YCbCr. $57C;PB0B8 ?@>2545=8E 
4>A;V465=P ?@54AB02;5=V =0 @8A. 3. 

 
 8E. 3. �@0DV: 70;56=>ABV :V;P:>ABV ?><8;>: 2V4 :>5DVFVє=BC AB8A=5==O ?@8 
21C4>2C20==V �І C 48=0<VG=V 1;>:8 

 

�=0;V7 40=8E, ?@54AB02;5=8E =0 @8A. 3, ?>:07Cє 7<5=H5==O :V;P:>ABV 
?><8;>: ?@8 28;CG5==V �І 7 AB530=>?>2V4><;5==O ?V4 2?;82>< 0B0:8 AB8A=5==O< 
0;3>@8B<>< MPEG-4 ?@8 21C4>2C20==V �І C 1;>:8, I> E0@0:B5@87CNBPAO 1V;PH8<8 
7=0G5==O< ?>:07=8:0 48=0<VG=>ABV ( , ),l m kô . &0: ?@8 21C4>2C20==V �І ;8H5 C 1;>:8, 
I> E0@0:B5@87CNBPAO ?>:07=8:>< 48=0<VG=>ABV ( , ), 50l m kô ó , :V;P:VABP ?><8;>: ?@8 
28;CG5==V �І 7<5=H8;0AO =0 7=0G5==O 4> 4.55%, B>4V O: ?@8 21C4>2C20==V �І ;8H5 
C 1;>:8, I> E0@0:B5@87CNBPAO ?>:07=8:>< 48=0<VG=>ABV ( , ), 500l m kô ó , :V;P:VABP 
?><8;>: ?@8 28;CG5==V �І 7<5=H8;0AO =0 7=0G5==O 4> 8%. 

&0:8< G8=><, ?@0:B8G=> ?V4B25@465=>, I> 70AB>AC20==O 4;O 21C4>2C20==O 
�І ;8H5 48=0<VG=8E 1;>:V2, 4>72>;Oє ?V428I8B8 ABV9:VABP AB530=>3@0DVG=>3> 
<5B>4C 7 :>4>28< C?@02;V==O< 21C4>2C20==O< �І ?@8 @>1>BV 7 *�. 

�8EAB2>8. �V47=0G8<> >A=>2=V @57C;PB0B8 ?@>2545=8E 4>A;V465=P: 
1. #@>2545=> 4>A;V465==O ABV9:>ABV AB530=>3@0DVG=>3> <5B>4C 7 :>4>28< 

C?@02;V==O< 21C4>2C20==O< �І ?@8 @>1>BV 7 *� 2 C<>20E 0B0:8 ?@>B8 21C4>20=>3> 
?>2V4><;5==O AB8A=5==O< 0;3>@8B<>< MPEG-4. 

2. #>:070=>, I> 704;O ?V428I5==O ABV9:>ABV 4> 0B0: ?@>B8 21C4>20=>3> 
?>2V4><;5==O AB8A=5==O< 0;3>@8B<>< MPEG-4, 21C4>2C20==O �І A;V4 ?@>2>48B8 C 
Y-:><?>=5=BC :>;V@=>W <>45;V YCbCr. #@8 FP><C, C ?>@V2=O==V 7 70AB>AC20==O< 
:>;V@=>W <>45;V RGB, 7<5=H5==O :V;P:VABV ?><8;>: AO30є 25;8G8=C 4> 17%. 

3. #V428I5=> ABV9:VABP 4> 0B0: AB8A=5==O< AB530=>3@0DVG=>3> <5B>4C 7 
:>4>28< C?@02;V==O< 21C4>2C20==O< �І 70 @0EC=>: WW 21C4>2C20==O ;8H5 C 
48=0<VG=V 1;>:8 F8D@>2>3> :>=B59=5@0. #@8 FP><C, :V;P:VABP ?><8;>: 
7<5=HCєBPAO =0 7=0G5==O 4> 8% C ?>@V2=O==V V7 :;0A8G=8< 70AB>AC20==O< 
AB530=>3@0DVG=>3> <5B>4C 7 :>4>28< C?@02;V==O< 21C4>2C20==O< �І. 
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The development of information technologies, which has led to an increase in the amount of multimedia 

content in World traffic, makes the role of the steganographic component in modern information protection 

systems significant. At the same time, to ensure steganographic protection of information in real-time when 

operating with digital video, the steganographic method is expected to meet the main effectivity criteria, as 

well as provide a low level of computational complexity, which is possible when performing 

steganographic transformation in the spatial domain of the container. One such modern method is the 

steganographic method with code control of additional information embedding. The problem of increasing 

the robustness of the specified steganographic method in the conditions of compression attacks by 

compression algorithms of digital video, primarily, the widespread MPEG-4 algorithm, is of particular 

interest. The purpose of this paper is to increase the robustness against attacks by compression of the 

steganographic method with code control of additional information embedding when operating with digital 

video. In this paper, experimental research on the robustness of the steganographic method with code 

control of additional information embedding in the conditions of a compression attack against the embedded 

message by digital video compression algorithm MPEG-4 when embedding information using different 

colour models is performed. It is shown that embedding additional information in the Y-component of the 

YCbCr colour model allows reducing the number of errors when extracting additional information by 17%. 

It is also proposed to embed additional information using the steganographic method with code control only 
in dynamic blocks, which made it possible to reduce the number of errors when extracting additional 

information by 8%. The obtained results can be applied in practical steganographic applications to increase 

the robustness of the applied steganographic component of information protection systems. 

Keywords: steganography, code control of information embedding, digital video, Walsh-Hadamard 

transform.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


