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�@>AB0==O >1AO3V2 <C;PB8<54V9=>3> :>=B5=BC, I> 35=5@CєBPAO, 715@V30єBPAO B0 
?5@540єBPAO ACG0A=8<8 V=D>@<0FV9=8<8 A8AB5<0<8, ?@872>48BP 4> 71V;PH5==O 
@>;V AB530=>3@0DVG=>W :><?>=5=B8 2 A8AB5<0E 70E8ABC V=D>@<0FVW. �@8 FP><C, 
4> 70AB>A>2C20=8E AB530=>3@0DVG=8E <5B>4V2 28AC20NBPAO 7=0G=V 28<>38 I>4> 
WE 5D5:B82=>ABV, O:V 2:;NG0NBP 4>AB0B=N ?@>?CA:=C A?@><>6=VABP, 
70157?5G5==O =04V9=>ABV A?@89=OBBO, ABV9:>ABV 4> 0B0: ?@>B8 21C4>20=>3> 
?>2V4><;5==O. �5;8:5 7=0G5==O <0є H284:>4VO AB530=>3@0DVG=>3> <5B>4C, 
>A>1;82>, O:I> ?5@5410G0єBPAO 9>3> 70AB>AC20==O C @568<V @50;P=>3> G0AC =0 
@5AC@A>>1<565=8E ?;0BD>@<0E. �4=8< V7 ACG0A=8E AB530=>3@0DVG=8E <5B>4V2, 
I> E0@0:B5@87CєBPAO 70157?5G5==O< >A=>2=8E ?>:07=8:V2 5D5:B82=>ABV ?@8 
=57=0G=V9 >1G8A;N20;P=V9 A:;04=>ABV G5@57 28:>=0==O AB530=>?5@5B2>@5==O C 
?@>AB>@>2V9 >1;0ABV :>=B59=5@0, є AB530=>3@0DVG=89 <5B>4 7 :>4>28< 
C?@02;V==O< 21C4>2C20==O< 4>40B:>2>W V=D>@<0FVW. �4=0:, =572060NG8 =0 
4>A8BP 28A>:V ?>:07=8:8 ABV9:>ABV 4> 0B0:8 70HC<;5==O<, O:0 <>65 <0B8 <VAF5 
2 1030BP>E ?@0:B8G=8E 70AB>AC20==OE, 0:BC0;P=8< ;8H0єBPAO ?8B0==O 
?V428I5==O ABV9:>ABV AB530=>?5@5B2>@5==O 4> 40=>3> B8?C 0B0:. �5B>N @>1>B8 
є ?V428I5==O ABV9:>ABV 4> 0B0: 70HC<;5==O< AB530=>3@0DVG=>3> <5B>4C 7 
:>4>28< C?@02;V==O< 21C4>2C20==O< 4>40B:>2>W V=D>@<0FVW. # @>1>BV 
@>73;O=CB> 0B0:8 ?@>B8 21C4>20=>3> ?>2V4><;5==O 70HC<;5==O< 42><0 2840<8 
HC<V2: 048B82=8< 1V;8< 30CA>28< HC<>< B0 HC<>< B8?C «Salt and Pepper». # 
@>1>BV ?@>2545=> 5:A?5@8<5=B0;P=5 4>A;V465==O 2?;82C AB@C:BC@8 
70AB>A>2C20=>3> :>4>2>3> A;>20 =0 ABV9:VABP AB530=>3@0DVG=>3> <5B>4C 7 
:>4>28< C?@02;V==O< 4> 0B0:8 70HC<;5==O< 048B82=8< 1V;8< 30CA>28< 
HC<><, O:5 4>72>;8;> 28@>18B8 ?@0:B8G=V @5:><5=40FVW I>4> ?0@0<5B@V2 
AB530=>3@0DVG=>3> <5B>4C 7 :>4>28< C?@02;V==O< 2 C<>20E 40=>3> B8?C 0B0:8. 
�0?@>?>=>20=> 70AB>AC20==O <5B>4C (�� (H8@>:>A<C3>289 A83=0;, 
>1<56C20G, 2C7P:>A<C3>289 A83=0;) 4;O ?V428I5==O ABV9:>ABV 
AB530=>3@0DVG=>3> <5B>4C 7 :>4>28< C?@02;V==O< 4> 0B0: 70HC<;5==O< HC<>< 
«Salt and Pepper», I> 4>72>;8;> 7=878B8 :V;P:VABP ?><8;>: ?@8 28;CG5==V 
4>40B:>2>W V=D>@<0FVW 2 C<>20E 70HC<;5==O 40=8< HC<>< =0 48%. �B@8<0=V C 
40=V9 AB0BBV @57C;PB0B8 <>6CBP 1CB8 :>@8A=8<8 4;O 70AB>AC20==O 
AB530=>3@0DVG=>3> <5B>4C 7 :>4>28< C?@02;V==O< =0 ?@0:B8FV 2 C<>20E 
?5@54020==O AB530=>?>2V4><;5==O ?> :0=0;0<, I> E0@0:B5@87CNBPAO =0O2=VABN 
0B0: 70HC<;5==O< ?@>B8 21C4>20=>3> ?>2V4><;5==O. 
�;NG>2і A;>20: AB530=>3@0DVO, :>4>25 C?@02;V==O 21C4>2C20==O< V=D>@<0FVW, 
0B0:0 70HC<;5==O<, 048B82=89 1V;89 30CAV2 HC<, HC< «Salt and Pepper».  

 

�ABC? і ?>AB0=>2:0 7040Gі. �06;828< :><?>=5=B>< ACG0A=8E A8AB5< 70E8ABC 
V=D>@<0FVW є AB530=>3@0DVG=V <5B>48, I> 70157?5GCNBP ?@8E>2C20==O A0<>3> D0:BC 
=0O2=>ABV V=D>@<0FVW, I> 70E8I0єBPAO. �0 AP>3>4=V, 4> 70AB>A>2C20=8E 
AB530=>3@0DVG=8E <5B>4V2 28AC20NBPAO AC2>@V 28<>38 5D5:B82=>ABV, I> 2:;NG0NBP 
28A>:C ?@>?CA:=C A?@><>6=VABP, 70157?5G5==O =04V9=>ABV A?@89=OBBO, ABV9:>ABV 4> 
0B0: ?@>B8 21C4>20=>3> ?>2V4><;5==O, 0 B0:>6 =87P:C >1G8A;N20;P=C A:;04=VABP 
AB530=>?5@5B2>@5==O. 

�@8 FP><C, 28<>30 70157?5G5==O ABV9:>ABV AB530=>3@0DVG=>3> <5B>4C 4> 0B0: 
?@>B8 21C4>20=>3> ?>2V4><;5==O AB0є C ?@>B8@VGGO 7 28<>3>N 70157?5G5==O 
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=87P:>W >1G8A;N20;P=>W A:;04=>ABV G5@57 =5>1EV4=VABP 70AB>AC20==O ?@>AB>@V2 
?5@5B2>@5=P, ?5@5EV4 4> O:8E ?>B@51Cє 7=0G=8E >1G8A;N20;P=8E 28B@0B (?5@H 70 
2A5, A8=3C;O@=>3> @>7:;040==O <0B@8FP 1;>:V2 :>=B59=5@0 [1&5]), B>4V O: C 
1V;PH>ABV 28?04:V2 <5B>48, I> 70AB>A>2CNBP 4;O AB530=>?5@5B2>@5==O ?@>AB>@>2V 
>1;0ABV :>=B59=5@0 [6&8], є =5ABV9:8<8 4> 0B0: ?@>B8 21C4>20=>3> ?>2V4><;5==O.  

�8@VH5==O< 40=>3> ?@>B8@VGGO AB0;0 @>7@>1:0 AB530=>3@0DVG=>3> <5B>4C 7 
:>4>28< C?@02;V==O< 21C4>2C20==O< 4>40B:>2>W V=D>@<0FVW (�І) [9], I> ?@0FNє C 
?@>AB>@>2V9 >1;0ABV :>=B59=5@0 B0 ?@8 FP><C є 740B=8< 70157?5G8B8 2V4?>2V4=VABP 
707=0G5=8< :@8B5@VO< 5D5:B82=>ABV =02VBP C 1V;PHV9 <V@V, ?>@V2=O=> 7 2V4><8<8 
<5B>40<8, I> ?5@5410G0NBP 70AB>AC20==O >1;0AB59 ?5@5B2>@5==O.  �0 AP>3>4=VH=V9 
45=P 2V4><> G8<0;> 0B0: ?@>B8 21C4>20=>3> ?>2V4><;5==O, =091V;PH 
@>7?>2AN465=8<8 A5@54 O:8E є 0B0:8 AB8A=5==O<, B8< =5 <5=H, 4>2>;V G0AB> =0 
?@0:B8FV 7CAB@VG0NBPAO 0B0:8 70HC<;5==O< @V7=8<8 2840<8 HC<V2, I> @>18BP 
0:BC0;P=>N 7040GC ?V428I5==O ABV9:>ABV AB530=>3@0DVG=8E <5B>4V2 4> 40=>3> 284C 
0B0:. /: ?>:07CNBP ?@>2545=V 4>A;V465==O, ABV9:VABP AB530=>3@0DVG=>3> <5B>4C 7 
:>4>28< C?@02;V==O< 21C4>2C20==O< �І 4> 0B0: 70HC<;5==O< >:@5<8<8 2840<8 
HC<V2 <>65 1CB8 ACBBє2> ?V428I5=0. 

�5B>N @>1>B8 є ?V428I5==O ABV9:>ABV 4> 0B0: 70HC<;5==O< 
AB530=>3@0DVG=>3> <5B>4C 7 :>4>28< C?@02;V==O< 21C4>2C20==O< �І. 
!Bі9:іABь AB530=>3@0DіG=>3> <5B>4C 7 :>4>28< C?@02;і==O< 21C4>2C20==O< 
�� 4> 0B0: 70HC<;5==O< 048B82=8< 1і;8< 30CA>28< HC<><. � <5B>N 
?>@V2=O==O ABV9:>ABV AB530=>3@0DVG=>3> <5B>4C 7 :>4>28< C?@02;V==O< 
21C4>2C20==O< �І 4> 0B0:8 70HC<;5==O< 048B82=8< 1V;8< 30CA>28< HC<>< 

(���() ?@8 70AB>AC20==V @V7=8E :>4>28E A;V2 1C2 ?@>2545=89 =0ABC?=89 
5:A?5@8<5=B. # 281V@:C 7 500 :>;P>@>28E 7>1@065=P 7 1078 NRCS [10] 

28:>=C20;>AO 21C4>2C20==O �І V7 70AB>AC20==O< :>4>28E A;V2, I> 2?;820NBP =0 
>1@0=C B@0=AD>@<0=BC ?5@5B2>@5==O #>;H0-�40<0@0, ?VA;O G>3> >B@8<0=5 
AB530=>?>2V4><;5==O ?V44020;>AO 70HC<;5==N  ���( V7 @V7=8<8 @V2=O<8 48A?5@AVW 
D  V <0B5<0B8G=8< >GV:C20==O< 0M  . �VA;O 0B0:8 70HC<;5==O< 74V9A=N20;>AO 
28;CG5==O �І V 28<V@N20==O :V;P:>ABV ?><8;>:, I> AB0;8AO.  57C;PB0B8 
4>A;V465==O ?@54AB02;5=V C B01;. 1, 45 V=B5=A82=VABP 70HC<;5==O ?@54AB02;5=> C 
283;O4V PSNR [11]. # B01;. 1 4;O AB8A;>ABV ?>:070=V ;8H5 45:V;P:0 :>4>28E A;V2 
:>6=>3> @>7<V@C, I> 281V@:>2> 2?;820NBP =0 7040=C B@0=AD>@<0=BC ?5@5B2>@5==O 
#>;H0-�40<0@0. 

�=0;V7 40=8E, I> ?@54AB02;5=V C B01;. 1 ?>:07Cє, I> ABV9:VABP <5B>4C 4> 0B0: 
70HC<;5==O< ���( =5 70;568BP 2V4 >1@0=>3> :>4>2>3> A;>20. �A:V;P:8 HC< 
���( <0є @V2=><V@=C A?5:B@0;P=C IV;P=VABP, F5 ?@872>48BP 4> B>3>, I> 281V@ 
:>=:@5B=>3> :>4>2>3> A;>20 =5 <0є 7=0G=>3> 2?;82C =0 ABV9:VABP <5B>4C.  

 >7:84 7=0G5=P 2V4A>B:C ?><8;>: ?@8 0B0FV ?@>B8 21C4>20=>3> 
?>2V4><;5==O 70HC<;5==O< ���( 7 @V7=8<8 7=0G5==O<8 48A?5@AVW 4;O @V7=8E 
:>4>28E A;V2 ?>@O4:C   7 5;5<5=B0@=>N AB@C:BC@>N { (1),0( 1)}    AB0=>28BP: 4> 
0.2% ?><8;>: 4;O :>4>28E A;V2 @>7<V@C 4  , 4> 0.1% ?><8;>: 4;O :>4>28E A;V2 
@>7<V@C 8   B0 4> 0.3% ?><8;>: 4;O :>4>28E A;V2 @>7<V@C 16  . 

�@8 70AB>AC20==V :>4>2>3> A;>20, O:5 2?;820є =0 ?>ABV9=C A:;04>2C, 
2V4A>B>: ?><8;>: ?@8 45:>4C20==V 2 C<>20E 0B0:8 70HC<;5==O< 2 A5@54=P><C 
1V;PH89 =0 0.7% 4;O :>4>28E A;V2 @>7<V@C 4  , =0 0.9% 4;O @>7<V@C 8   V =0 
1.9% 4;O @>7<V@C 16.   
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"01;8FO 1 

 �0;56=VABP :V;P:>ABV ?><8;>: ?@8 28;CG5==V �І 2V4 PSNR 

�>4>25 
A;>2> / 

PSNR  

6.9499 23.2094 30.0960 33.0817 35.2827 40.0017 42.9501 49.5088 61.1746 

4N   

4,(1,1)T  49.7347 41.9107 32.1191 25.5330 19.8208 7.4452 2.5829 0.7541 0.6206 

4,(1,2)T  49.5007 41.6275 31.7966 25.1617 19.4106 6.9208 1.9746 0.0327 0 

4,(1,3)T  49.5107 41.6357 31.7908 25.1949 19.4223 6.9358 1.9887 0.0342 0 

& 

4,(4,4)T  49.5010 41.6453 31.7912 25.1672 19.4139 6.9157 1.9818 0.0324 0 

8N   

8,(1,1)T  49.7010 34.1495 17.5188 9.4970 4.8697 1.0886 0.8595 0.6934 0.5338 

8,(1,2)T  48.9184 33.2513 16.6291 8.5859 3.9630 0.2255 0.0365 0 0 

8,(1,3)T  48.9328 33.2808 16.6394 8.5975 3.9916 0.2304 0.0380 0 0 

& 

8,(8,8)T  48.9279 33.2686 16.6103 8.5822 3.9681 0.2224 0.0353 0 0 

16N   

16,(1,1)T  49.6422 21.6210 4.4085 1.7983 1.2713 0.9367 0.8081 0.6399 0.4615 

16,(1,2)T  47.7919 19.2586 2.6979 0.4183 0.0871 0.0035 0 0 0 

16,(1,3)T  47.8877 19.2815 2.7092 0.4186 0.0913 0.0035 0 0 0 

& 

16,(16,16)T  47.8049 19.2161 2.6898 0.4125 0.0898 0.0030 0 0 0 

�@>AB0==O ABV9:>ABV AB530=>3@0DVG=>3> <5B>4C 7 :>4>28< C?@02;V==O< 
21C4>2C20==O< �І <>6;825 ;8H5 70 @0EC=>: 71V;PH5==O 5=5@3VW :>4>2>3> A;>20, 
B>1B> V7 70AB>AC20==O< 1030B>@V2=528E :>4>28E A;V2 [12]. 

�0 ?V4AB02V @57C;PB0BV2 ?@>2545=>3> 5:A?5@8<5=BC <>6=0 AD>@<C;N20B8 
=0ABC?=V @5:><5=40FVW I>4> 70AB>AC20==O AB530=>3@0DVG=>3> <5B>4C 7 :>4>28< 
C?@02;V==O< 21C4>2C20==O< �І 2 C<>20E 0B0: 70HC<;5==O< ���(: 

1. �0AB>AC20==O 1030B>@V2=528E :>4>28E A;V2 4 70 0=0;>3VєN V7 281>@>< 
A83=0;P=8E :>=AB@C:FV9 4;O @>1>B8 C :0=0;0E 72’O7:C, I> 70HC<;5=V ���(, 
1V;PH0 ABV9:VABP AB530=>3@0DVG=>3> <5B>4C 4> 0B0: 70HC<;5==O< ?@>B8 
21C4>20=>3> ?>2V4><;5==O <>65 1CB8 70157?5G5=0 G5@57 71V;PH5==O 5=5@3VW 
:>4>2>3> A;>20 H;OE>< 70AB>AC20==O 1030B>@V2=528E :>4>28E A;V2. 

2. �0157?5G5==O 2?;82C =0 28A>:>G0AB>B=V A:;04>2V 4 704;O 70157?5G5==O 
=091V;PH>W =04V9=>ABV A?@89=OBBO AB530=>?>2V4><;5==O, 72060NG8 =0 @V2=89 
AB5?V=P ABV9:>ABV :>4>28E A;V2 4> 0B0: 70HC<;5==O< ���(, <>65 1CB8 
@5:><5=4>20=5 70AB>AC20==O :>4>28E A;V2, I> 2?;820NBP =0 =091V;PH 
28A>:>G0AB>B=V A:;04>2V, =0?@8:;04, =0 B@0=AD>@<0=BC #>;H0-�40<0@0 (2,2). # 
@07V 70AB>AC20==O 1030B>@V2=528E :>4>28E A;V2, 281V@ 40=>W B@0=AD>@<0=B8, 4;O 
21C4>2C20==O �І B0:>6 =V25;Nє ?@>1;5<C 7=0E>465==O <0:A8<0;P=8E 70 
0<?;VBC4>N 5;5<5=BV2 ?> :@0O< :>4>2>3> A;>20, I> 4>72>;8BP C=8:=CB8 
28=8:=5==O ?@>1;5<8 =091V;PH>3> ?5@5?04C OA:@02>ABV =0 3@0=8FOE 1;>:V2 B0 
?V428I8B8 =04V9=VABP A?@89=OBBO AB530=>?>2V4><;5==O. 

�07=0G5=V <>48DV:0FVW 4>72>;ONBP 040?BC20B8 AB530=>3@0DVG=89 <5B>4 7 
:>4>28< C?@02;V==O< 21C4>2C20==O �І 4> @>1>B8 2 C<>20E 0B0: 70HC<;5==O 
���(. 
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!Bі9:іABь AB530=>3@0DіG=>3> <5B>4C 7 :>4>28< C?@02;і==O< 21C4>2C20==O< 
�� 4> 0B0: 70HC<;5==O< HC<>< «Salt and Pepper». �;O 70AB>AC20==O 
AB530=>3@0DVG=>3> <5B>4C 7 :>4>28< C?@02;V==O< 21C4>2C20==O< �І 2 :0=0;0E 7 
HC<>< B8?C «Salt and Pepper» <>6=0 @5:><5=4C20B8 4>4020==O >?5@0FVW 
>1<56C20==O 0<?;VBC48 <0B@8FP @V7=8FV   1;>:V2  AB530=>?>2V4><;5==O B0 
>@83V=0;P=>3> :>=B59=5@C ?@8 28;CG5==V �І. &5 4>72>;8BP ?V428I8B8 @V25=P 
ABV9:>ABV AB530=>?>2V4><;5==O 4> B0:8E 0B0:. 

�1<56C20==O 0<?;VBC48 <0B@8FP @V7=8FV ?>;O30є C 2AB0=>2;5==V WW 
<0:A8<0;P=>3> 7=0G5==O, I> 2V4?>2V40є <0:A8<0;P=V9 0<?;VBC4V 70AB>A>2C20=>3> 

:>4>2>3> A;>20. � @07V 28:>@8AB0==O 1V=0@=8E :>4>28E A;V2, <0:A8<0;P=0 
0<?;VBC40 AB0=>28BP { 1} . &59 ?V4EV4 0=0;>3VG=89 2V4><><C <5B>4C (��, O:89 
5D5:B82=89 4;O 1>@>BP18 7 V<?C;PA=8<8 702040<8. 

�5B>4 (�� (BAN, H8@>:0 ?>;>A0 4 >1<56C20G 4 2C7P:0 ?>;>A0) є >4=8< 
V7 ?V4E>4V2 4> DV;PB@0FVW A83=0;V2, 7>:@5<0 28:>@8AB>2CєBPAO 4;O 1>@>BP18 7 
V<?C;PA=8<8 702040<8. �>3> =0720 2:07Cє =0 9>3> >A=>2=V A:;04>2V: 
H8@>:>A<C3>289 A83=0; (Broadband), 0B5=N0B>@ (Attenuator) B0 2C7P:>A<C3>289 
A83=0; (Narrowband) (@8A. 1). 
 

 
 8A. 1. !B@C:BC@=0 AE5<0 (�� 

 

�030;P=89 ?@8=F8? <5B>4C (�� <>65 1CB8 040?B>20=89 2V4?>2V4=> 4> 
A?5F8DVG=8E 28<>3 B0 2;0AB82>AB59 HC<C B0 A83=0;C C :>=:@5B=V9 7040GV, V, O: 
?>:070;8 ?@>2545=V 4>A;V465==O, <>65 1CB8 70AB>A>20=89 4;O ?@>B84VW HC<C «Salt 
and Pepper» ?@8 70AB>AC20==V AB530=>3@0DVG=>3> <5B>4C 7 :>4>28< C?@02;V==O< 
21C4>2C20==O< �І. 

"0:, 2V4?>2V4=> 4> [9], ?@8 28;CG5==V �І 7 AB530=>?>2V4><;5==O G5@3>289 
1;>: ,  C 7030;P=><C 28?04:C, <>65 <VAB8B8 :><1V=0FVN 7 1030BP>E G0AB>B, I> 
2V4?>2V40є H8@>:V9 A<C7V C <5B>4V (��. �VA;O FP>3> 74V9A=NєBPAO >1<565==O 
1;>:C 70 0<?;VBC4>N 7=0G5==O<8 { 1} , V 265 ?VA;O FP>3> ⸺ 284V;5==O :>=:@5B=>W 
G0AB>B=>W A:;04>2>W, I> 2V4?>2V40є 2C7P:V9 A<C7V C <5B>4V (��. 

 >73;O=5<> :>=:@5B=89 ?@8:;04. �5E09 1;>: A?>B2>@5=>3> HC<>< B8?C  
«Salt and Pepper» 7 48A?5@AVєN 0.1D   AB530=>?>2V4><;5==O S , 0 B0:>6 
2V4?>2V4=89 9><C 1;>: >@83V=0;P=>3> ?>2V4><;5==O X , <0NBP 283;O4 

 

157 150 151 149 146 142 141 139
153 144 152 144 140 143 141 142
149 141 148 145 137 140 136 145
142 141 143 142 142 142 137 141
143 143 142 143 143 146 147 142
131 145 143 141 143 143 140 140
133 145 144 142 147 146 130 129
139 140 146 143 145 149 144 137

X

ù
ú
ú
ú ú

û

ù
ú
ú
ú
ú

ú ú
ú ú
ú úû

, 

158 151 152 150 147 143 142 140
154 255 153 145 141 255 255 143
150 142 149 146 138 141 137 146
143 142 144 143 143 143 138 142
142 142 141 142 142 145 146 141
130 144 255 140 142 142 139 139
132 144 255 141 146 145 129 128
138 139 255 142 144 148 143 255

S

ù
ú
ú
ú ú

û

ù
ú
ú
ú
ú

ú ú
ú ú
ú úû

, (1) 

B>4V O: 21C4>2C20==O 1VB0 �І 1d   C AB530=>?>2V4><;5==O 2V41C;>AO V7 
70AB>AC20==O< :>4>2>3> A;>20 16,(5,1)T  , I> 281V@:>2> 2?;820є =0 B@0=AD>@<0=BC 
?5@5B2>@5==O #>;H0-�40<0@0 (5,1). �=0945<> <0B@8FN   @V7=8FV <V6 <0B@8FO<8 
1;>:V2 AB530=>?>2V4><;5==O V >@83V=0;P=>3> ?>2V4><;5==O 
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1 1 1 1 1 1 1 1
1 111 1 1 1 112 114 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 112 1 1 1 1 1
1 1 111 1 1 1 1 1
1 1 109 1 1 1 1 118

ù ù
ú ú
ú ú
ú ú  ú ú       
ú ú      
ú ú      
ú ú     û û

. (2) 

�8 10G8<>, I> ?VA;O ?>5;5<5B=>3> <=>65==O 5;5<5=BV2 >B@8<0=>W <0B@8FV 
  =0 5;5<5=B8 70AB>A>20=>3> :>4>2>3> A;>20 

16,(5,1)T  , V7 ?>40;PH8< 

?V4AC<>2C20==O< 5;5<5=BV2 @57C;PBCNG>W <0B@8FV, V 70AB>AC20==O< >?5@0FVW ()sign

>B@8<Cє<> 7=0G5==O 1VB0 �І 
16,(5,1)

8 8

1 1

( , 1( ( , ) ) ( 56))
i j

d sign i j signT i j
 

       , I> 

=5 2V4?>2V40є 21C4>20=><C 1VBC �І, B>1B> ?@82>48BP 4> ?><8;:8 ?@8 28;CG5==V �І. 
�4V9A=8<> >1<565==O 0<?;VBC48 2V4?>2V4=> 4> <5B>4C (��, 2 @57C;PB0BV 

G>3> >B@8<Cє<> <0B@8FN @V7=8FV 

 

1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1

ù ù
ú ú
ú ú
ú ú  ú ú       
ú ú      
ú ú      
ú ú     û û

, (3) 

4;O O:>W ?VA;O ?>5;5<5B=>3> <=>65==O 5;5<5=BV2 >B@8<0=>W <0B@8FV   =0 5;5<5=B8 
:>4>2>3> A;>20 

16,(5,1)T   V7 ?>40;PH8< ?V4AC<>2C20==O< 5;5<5=BV2 @57C;PBCNG>W 
<0B@8FV V 70AB>AC20==O< >?5@0FVW ()sign , >B@8<Cє<> 7=0G5==O 1VB0 �І 

16,(5

1

,1

8 8

1

) ( , )( ( , ) ) (56) 1
i j

T ig jd si n i j sign

 

     , I> 2V4?>2V40є 21C4>20=><C 1VBC 

�І. 
�04;O >FV=:8 @V2=O ?V428I5==O ABV9:>ABV AB530=>3@0DVG=>3> <5B>4C 7 

:>4>28< C?@02;V==O< 21C4>2C20==O< �І 4> 0B0:8 70HC<;5==O< HC<>< «Salt and 

Pepper» 1C2 ?@>2545=89 >1G8A;N20;P=89 5:A?5@8<5=B V7 70AB>AC20==O< 500 
7>1@065=P 7 1078 NRCS [10], I> 1C2 A?@O<>20=89 =0 >FV=:C :V;P:>ABV ?><8;>: ?@8 
28;CG5==V �І 7 AB530=>?>2V4><;5==O 2 C<>20E 0B0:8 70HC<;5==O<, @V25=P O:>3> 
28<V@N202AO ?>:07=8:>< PSNR. �@8 FP><C 4;O 21C4>2C20==O �І 70AB>A>2C20;>AO 
:>4>25 A;>2> 

,8,(5,1) ,bT
  I> 2?;820є =0 B@0=AD>@<0=BC ?5@5B2>@5==O #>;H0-�40<0@0 

(5,1) 157 70AB>AC20==O (��, 0 B0:>6 B5 A0<5 :>4>25 A;>2> V7 70AB>AC20==O< (�� 
(BAN ,8,(5,1)bT

 ).  57C;PB0B8 ?@>2545=>3> 5:A?5@8<5=BC ?@>45<>=AB@>20=V =0 @8A. 2. 

 
 8A 2. �0;56=VABP G8A;0 ?><8;>: ?@8 28;CG5==V �І 2V4 V=B5=A82=>ABV HC<C «Salt 
and Pepper» 
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"0:8< G8=><, ?V428I5==O ABV9:>ABV AB530=>3@0DVG=>3> <5B>4C 7 :>4>28< 
C?@02;V==O< 21C4>2C20==O< �І 4> 0B0: 70HC<;5==O< HC<>< «Salt and Pepper» <0є 
<VAF5 =0 @V2=V 4> 48% (@8A. 2) 4;O 28?04:C :>4>2>3> A;>20 

,8,(5,1)bT
  ?>@O4:C 8  , 

I> 2?;820є =0 B@0=AD>@<0=BC #>;H0-�40<0@0 (5,1).�0AB>AC20==O >1<565==O 
0<?;VBC48 ?5@54 >1@>1:>N <0B@8FP @V7=8FP є 206;828< :@>:>< 4;O 70157?5G5==O 
O:>ABV 2V4=>2;5==O �І. �>=> 4>?><030є C=8:=CB8 2?;82C HC<>28E :><?>=5=BV2, I> 
<>6CBP A?>B2>@8B8 �І. "0:8< G8=><, >1<565==O 0<?;VBC48 4>?><030є ?V428I8B8 
=04V9=VABP B0 ABV9:VABP AB530=>3@0DVG=>3> <5B>4C 7 :>4>28< C?@02;V==O< 
21C4>2C20==O< �І 4> 0B0: 70HC<;5==O<. 
�8A=>2:8. # 40=V9 @>1>BV 1C;> ?@>2545=> 4>A;V465==O, I> <0;> =0 <5BV 
?V428I5==O ABV9:>ABV AB530=>3@0DVG=>3> <5B>4C 7 :>4>28< C?@02;V==O< 
21C4>2C20==O< �І 2 C<>20E 0B0: 70HC<;5==O< HC<>< ���( B0  HC<>< «Salt and 

Pepper». 

�>:070=>, I> C 28?04:C 0B0:8 ?@>B8 21C4>20=>3> ?>2V4><;5==O 
70HC<;5==O< ���( ABV9:VABP AB530=>3@0DVG=>3> <5B>4C є V=20@V0=B=>N 4> 
AB@C:BC@8 70AB>A>2C20=>3> :>4>2>3> A;>20. !BV9:VABP <5B>4C <>65 1CB8 
?V428I5=>N 70 @0EC=>: 71V;PH5==O 5=5@3VW :>4>2>3> A;>20, I> <>6;82> V7 
70AB>AC20==O< 1030B>@V2=528E :>4>28E A;V2, ?@8 G><C @0FV>=0;P=8< є 
70AB>AC20==O< 1030B>@V2=528E :>4>28E A;V2, I> 74V9A=NNBP 281V@:>289 2?;82 =0 
28A>:V G0AB>B8 704;O ?V428I5==O =04V9=>ABV A?@89=OBBO AB530=>?>2V4><;5==O V 
C=8:=5==O ?@>1;5<8 28=8:=5==O >1;0AB59 V7 ?5@5?040<8 OA:@02>ABV =0 3@0=8FOE 
1;>:V2. 

� :0=0;0E 7 HC<>< B8?C «Salt and Pepper» 1C;> 70?@>?>=>20=> 70AB>AC20==O 
<5B>4C (��, I> ?5@5410G0є >1<565==O ?> 0<?;VBC4V <0B@8FP @V7=8FV 
AB530=>?>2V4><;5==O B0 >@83V=0;P=>3> :>=B59=5@C. �0AB>AC20==O 40=>3> <5B>4C 
4>72>;8;> 7=878B8 @V25=P ?><8;>: =0 48% C ?>@V2=O==O V7 70AB>AC20==O< 
>@83V=0;P=>3> AB530=>3@0DVG=>3> <5B>4C 7 :>4>28< C?@02;V==O< 21C4>2C20==O< 
�І. 

 5:><5=40FVW, 70?@>?>=>20=V C @>1>BV, <>6CBP 1CB8 28:>@8AB0=V 4;O 
?>40;PH>3> 24>A:>=0;5==O B0 >?B8<V70FVW <5B>4C. 
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INCREASING THE ROBUSTNESS OF THE STEGANOGRAPHIC METHOD 

WITH CODE CONTROL OF THE ADDITIONAL INFORMATION 

EMBEDDING AGAINST NOISE ATTACKS 

 

D.O. Hulid, A.V. Sokolov  
 

National Odesa Polytechnic University 

Ukraine, Odesa, 65044, Shevchenko Ave., 1, radiosquid@gmail.com 
 

The increase in the amount of multimedia content generated, stored and transmitted by modern information 

systems leads to an increase in the role of the steganographic component in information protection systems. 

At the same time, significant requirements are put to the applied steganographic methods regarding their 

effectiveness, which include sufficient bandwidth, ensuring the reliability of perception, and resistance to 

attacks against the embedded message. The performance of the steganographic methods is of great 

importance, especially if it is intended to be used in real-time on a resource-constrained platforms. One of 

the modern steganographic methods, which is characterized by providing the main effectiveness indicators 

with a small computational complexity due to the execution of steganographic transformation in the space 

domain of the container, is a steganographic method with code control of additional information 

embedding. However, despite the rather high indicators of resistance to noise attacks, which can occur in 

many practical applications, the issue of increasing the resistance of steganographic transformation to these 

types of attacks remains relevant. The purpose of the paper is to increase the resistance to noise attacks of 

the steganographic method with code control of additional information embedding. The paper researches 
attacks against an embedded message with two types of noise: additive white Gaussian noise and <Salt and 

Pepper= noise. In the paper, experimental research on the effects of the structure of the codeword used on 

the robustness of the steganographic method with code control against a noise attack by additive white 

Gaussian noise was performed, which made it possible to develop practical recommendations regarding the 

parameters of the steganographic method with code control under the conditions of this type of attack. The 

application of the BAN method (broadband signal, attenuator, narrowband signal) is proposed to increase 

the resistance of the steganographic method with code control against the "Salt and Pepper" noise attack, 

which allowed to reduce the number of errors when extracting additional information in conditions of this 

noise by 48%. The results obtained in this paper can be useful for the application of the steganographic 

method with code control in practice in the conditions of transmission of a steganographic message over 

channels characterized by the presence of noise attacks against the embedded message. 

Keywords: steganography, code control of additional information embedding, noise attack, additive white 

Gaussian noise, <Salt and Pepper= noise. 

 


