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9:¹º�Ú(�)*���¤ÛÜ\=>+,-�HÆ. ²³[6]X��g|}����¤

\Ç/ÓÔ9:¹º�»¼¹º, X�²\ÝÞj�ßà×+,áâãä, àyG��
�

�å"æ�. ²³[7~9]çèÓÔg|}�%�m��éê)ë, ÕÖ5tjkìí����

���¤. $ÝÞX�²\îà×G+,áâïðñ-ãä, ò>æBày��
��å"

æ�. óô, �²7}Gg|}��X���\�¤�404�ÆõvÖ, à×G�öS÷�

Æõøù�ú�¶ûQü, ý�¶ûX����þ�Z
�å"Á$ghwx�����ù

]��.

�²à×G�Y404g|}��X���\ìí�¤�l�Qü, �\�èÓÔGù

]\9:¹º�»¼¹º�+,ñ-��	
Y� T¶. X�¤%\ÝÞà×G MSTFP

(multimedia streaming tcp-friendly protocol)����¤&' [1],  
B��g"�����,

ÊË���¤��. X!"%ÝÞà×G+,-�éêHÆ)ëQ��Ä���H-���

IJ�����. (�X»¼¹º�Ç/���éêáâ+,ïðãäj�ßàyù]��.

ÝÞ~Û¶���g|}��404�¤\��Æõøù�W���+,
%�)ë��,

Á$wx���404Æõ.

1 �������

1.1 �����

Ã 1 �×ÝÞ����g|}���¤� !_Ã. ù]M%&'""�s�ö UDP�

RTP&'[10], Ç/#" RTCP��$%��&ö��'¹()*+��ÙÀ. X�¤%, ÝÞ

""9:¹º�ÊË���7���. X!"%,�g|}m�, ÝÞ""�éê�þ�m

� 1 �������	
��
�
��
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jk���»¼¹º. �Y���¤��Üsde�: X7�4-.�sg|}��m�, -

/��%�¨©%	�%��+,. i,
%�� ��ª«���¿À, 0%���""

�Ç�»¼)ë��. ��+,1Ûñ-2¦7�0���\. X234, ��+,341Û

+,l-��þlm, #2�0��lm�\jk����n. 5óÇ/234���'¹(

)67�c]^��, �5404�+,-HÆ���Y�¤8/. i,$%����()

 
B9^��g"��, Á$®:ú�¶û()ghX��m��þ�m�Zjk
�¶

û$x0�;���23IJ.

Xd<ÝÞà×�404g|}���¤ù]\ø=�()-/>�éê»¼)ë�®

:ú�¶û��éê+,ïð�9:¹º�����	(). 2M�ÝÞ�.>oà×��¤

� ?�@AÝÞà×�B�, C 2 D@A�sÝÞ� TCP E��9:¹º��, C 3 DE

�×GÝÞà×��éê+,ïð��éê»¼)ë�®:ú�¶û	ãä.

1.2 ����	
�

1.2.1 �
������

d<ÝÞ""FjGHIJg|} PFGS(progressive fine granular scalability)���[1]K

��Y�������LØ�M. PFGS s�Y�ö MPEG-4 GHg|} FGS(fine granular

scalabiltiy) N�[2], �O>òy�mæ�����lm�. Pgh¤×ÁQRSú�/T0Q

Uú�/T\V_G�m�����. �%m�)-�� ���, �5� ¡J. ¨©%)

-�Es�öª«W���%�XÓW�����. de¨©%78»¼YHÆ/�K78

��IJÏ . $P�QR PFGS�Ç�W\%5%�Zm�sZøç�, y%���[VW

lm\]ö�^%��. _X23456^%m�>Vt`a»¼, E��!�y%��+

,�bVW5[U�¦lm���cæ+,.

PFGSàdG�cãä�¨©m�ef»���. �%m�""�ef»ãä-/gÇß

:h�ij}�m�gk�lmm�+,¶n	, ghX»¼� 10−5 hMx0g2����

Ão[11]. ¨©%""�e»pO>gÇß:h�ij}�mQ�. 56¨©%×Ø���»

¼YHÆ, lm��Hq·YÇßm�Z�ú�+,, rsM�YÇßmtAlm, Á$ÄÅ

»¼�Cuv.

1.2.2 ����������

���\+,-HÆ��Jwx��H-k�

gh��B" 2-¿
Markovy�w!, �5 Gilbert

(z[12]({Ã 2). 56+,-./01234E��

uö23 R ¿
, $56|ö��9:}�+,-

HÆY~+,-01�/Z�ÛG��/� , E�

�uöH- L¿
. dY 2-¿
 Markovy����

� Agw!

1
,

1

p p
A

q q

− 
=  − 

(1)

�\ p� qs¿
 L�¿
 R�Z���µ�X+, gh~Û�´�#Q�x0

� 2 Gilbert ������
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1 2 3 4

, ,
NN

p q
N N N N

= =
+ +

(2)

�\ N1 (N2)s«�Y-HÆ2o��30(HÆ)�+,-�Y+; N3 (N4)s«�Y-��23

02oHÆ(23)�+,-�Y+. dcX+Ugh~Û234+,-]^x0.

2 ��������	


ª789:/, ��\�!"U!�� ��PÞ��¤���Ä��|����å�

���V�¿
. de��)*�������
���4Z�¤�V�jk. ®«���

~��´T¶s"" TCP &'�+,��[13]. �ó�ö��\���!", ""��¤��

�� �5"" TCP &'�!"�Ê������, �����
�. �GÌÍ TCP �>�

��H-���� z{, ÝÞX�¤%à×G����¤ MSTFP&'.

347�4? i,$%����������/Z

(1 )( 1 ),RTT RTT now ST RTα α= ⋅ + − − − ∆ (3)

�\ RTT sª«�����/Z, RTTs�������/Z, now�!�s�4230$%

+,-�/ , ST1s�4¡¢7�+,-�/ , RT∆ w!�sX234o£¤�/Z, αs
�Y¥¦ù+�o9^�X+jkÊË, Xd<§� 0.75. de, ����g9^�

2
,

2 / 3 3 3 / 8 1 32L L L L

PacketSize
AvailBW

RTT P TO P P P
=

⋅ + ⋅ ⋅ ⋅ ⋅ +
(4)

�\ PacketSizes7�+,-�l�, PLs��H-�, TOw!�s+,-�7/? 	¨�

Z©[14].

#27�4fghZ!B���ª�7���. �¤����Qü5M:

56 (AvailBW > currate )

multi = (now-lastchange)/RTT
�º multi«¬Á 10 2

currate = currate + (PacketSize/RTT)�multi

[E

curate = β­AvailBW + currate×− )1( β ,

�\ curratesª«VX�����, curratesò®�����, lastchanges«�¯ò®�/

 , β s�Y¥¦ù+, Çe§�� 0.75. ÝÞ�9:¹º�ý°XöghÈg�ÊËB��

�¤��, Á$±èö@A�����¤, (����\�+,-HÆ�²³.

3 ��������	
��


Èb""G MSTFP 9:¹º, ��+,X��\´#g�1µH-. �D,�g|}�

��à×G�éê»¼¹ºQü�Ä�H-��n�����, �\-/�éêáâ+,ï

ð��éê»¼)ë�ú�
�¶û¶YT¶.

3.1 ��������	
��
���

�G·e��\�+,H-, ù]? 7���+,�Ç/¸��¹º»¼m. �²"

"�sn½X+,-¾a�«¿À»ãä. ���½¾s234gh#"dc»¼�+,-
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���HÆ���+,-. ÝÞoå"��þ�ms Reed-Solomon (RS)m, P��±è"ö

����+,H-[15]. ds�� RSms BCHm\Á�O>�´mZÂ�mm, ÃfsÄ, �

-X�¥�þ�m�"òÅ�»¼��nHÆ�+,-. �` RS(n, k)�l�� n �Å�m,

�\-Æ kY�Ç�� n − kY¹ºÇ�. 0YÇ�| mYú�È�, mml� nÉÊ n Ë 2m

− 1. �GQ&Ìz��+,, ÝÞ�Ç�l�§� 8 bit. �ö�������Ä, 234gh

~Û+,-�ÍÎ�xWÏþÐY+,-78GHÆ. #"dcÑÏ�»¼ÒÓ��, RS(n, k)

gh���1 n − kYÇ�»¼. �ö+,-�0�Î(h�YmD�ÔÒ), RS(n, k) � kY�

�Ç��m� nYÇ�, Á$8� n − kY¹º+,-(X{Ã 3).

� 3 �������	
��

(a) �������	
��, (b) 
���������	
��

�ög|}���, C�%úCÕ%+,� , CÕ%îúC¶%+,� , ?¯¸Ö.

i,m�O>ý4¾���, ÝÞX
%+,Zå"�éêH-)ë. Ã 3�×�s·��ö

«¿À»�+,ïðQ×. ØÔÙ{, ÝÞÒÎ×GÒ>·%+,�ÙÀ. XÃ 3(a)\, ªC

�%+, n0Y+,-�¤2Ú2�7�CÕ%� n1Y+,-. ÝÞÏþ+,-X��\�H

Æ¿ÀÛØÜ7���. 56XC�%78Ü7»¼(�5 n0 − k0 + 1), _åCÕ%+,-�

ÝÞS��, ��IJ´#K>L�MN. �óÝÞà×áâ�ñ-Q×, X{Ã 3(b). �½

�s~Û���jkáâ, �»¼jk�ß�, Á$gh>æBjk»¼��. ]���ÈW

(�5 20W)\o>%+,Èð��Y BOP�¤ÔÒ(block of packets), 0Y+,-|
%+,

)È�(0%�Y). �!Ã 3(a)�(b)\0%+,U> nY+,), �\ n	ö 0 1n n+ , i
i

i

k
k n

n
′ ≈ .

ªÇe78 n0 − k0 + 1YÜ7»¼, |öjkGáâ, 
%+,oàá�Ü7HÆÄÅG, 2

34�ÝVWB#"»¼�����HÆ���. XÝÞ�Qü\gh"áâ�â��wx


%+,-��ß��Ü�. ò´�áâÜ�, EO>ò��Ü7H-�, Á$ò>#ö«¿

À». 
%�áâ�Ü�¶ãghw!� 0 1 0( ) /n n n+ , 0 1 1( ) /n n n+ . �ög|}m�, ¨©%

+,J?F¨¥, �ó^%m�O>ò´�áâ�, Á$x0�éê��¤.

W�G+,ïðQ×, hM�DÕÖ�s���
%«¿)ë�X+ RS(n,k).
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3.2 ���������	
��


X�����¤\, ÝÞÓÔ�ù]Æõ Dr5�]���m\oä
�J�Æõs�Ç

�. X>��HÆ�åæM, 404�Æõ Drs�Y�ß�J, �\-/��Æõ Ds(� |

öJ�çè�Ù)��þÆõ Dc (� |��\�H-o}�). 56é� Ds � Dc s�Zø

�[16], Eù]��Æõghw!� Dr = Ds +Dc. �`�ß�J Dr�êë¬�ù]���Æõ

D, _

r s r{ } { },D E D E D D= = + (5)

�\ Drh���µ�« DsY Dc, dcµ�� «�ö���¿À. «¿À»�½¾fs~Û

��»¼�+,-&ö234�nHÆ���. �Gìí�þ�må"�����, ÝÞ�

�Z!BÄÅ�����m�, Á$X7�4f��G��IJMN. #$#"dc»¼�

¹º+,-, ��lm4Kx0ú=>«¿À»/î^�+,-HÆ�, Á$êëï���

n��IJ. ohø=Xö5tX����þ�Z¶û�����hx0���404S÷

Æõ.

�ö���®:�� R(mD�ÔÒ), ÝÞ¬­���+,-l PL, deo �¤�+,

-�Y+ n 	ö R/PL. �`¡J 1[ ,..., ];Lk k=k 1[ ,..., ],Lk k′ ′ ′=k �\ ki sC i %��)�Y

+; ik ′ w!dY��)�´�(hmD�ÔÒ). deú�¶ûz{ghð±�5tx0¡J k

� ′k åx404�Æõ��:

s s c c
( , )

( , ) arg min( ( ) ( )),D R D R
′

′ = +
k k

k k

s.t. s c ,R R R+ � c
1

1 ,
L

i
ii

n
R R

k=

 
= − 

 
∑ s

1

,
L

l
l

R R
=

=∑ (6)

�� Rl�� l ����	
�. �(6)
�, ������ L �����	� RL������

� Rs.

������
� !" s2
s s( ) 2 ,RD R A −= �� A "#�. $��%�&'�()*+,

,-.!�/��. "012�/���345678�9:��;<�=>?@, ABC

0DEFG:

● 5H���	IJK5L�MN@.

● 5H���	IJK5L�OPQR�S
.

TU, �/V;��WX�Q:���V;. YLAB�Z[\�]^�_`a3��

I�bcI. d�efghAB�12�i#Kj�, kl�mn�9:���o?pqr

st�����*+.

us�	vwxy(z{| 3(b)), FG}Nqr���<~� L��	, ��Y L�}�

����O RS;�3��(n, k1), (n, k2), �, (n, kL). ����9:�����	����, �

���O;z���: 1 2 .Lk k k�� � � oT�	}����	~�E� (0 )r r n� � , AB

�����H���	I����P��;, ��`W�H������	I���� �

�;, ¡T¢].

�	p£�����	~�E� r, ��¤�
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0, ,
( ) arg max {( ) )}.j

j L
c r n k r

=
= − >

�

(7)

¥¦�§¨�����	~E�" r, � c(r)���©ª ��;_«¬­�/��; ®¯�

�°� L − c(r)±����	�K rE�	I��, ¬­0�/��. Y6�/��²�

c c
0 ( ) 1

( ) { ( , ) ( )}/ ,
n L

r i c r

D R P r n r D i n
= = +

= ⋅ ⋅∑ ∑ (8)

�� P(r, n)�� nE�	~��� rE�³�, D(i)/n´h�� i���HE�	I�=�}µ

X���. YLª¶���*+��´·"

s2

0 ( ) 1

( ) 2 { ( , ) ( )}/ .
n L

R

r i c r

D R A P r n r D i n−

= = +
= + ⋅ ⋅∑ ∑ (9)

¸(9)
¹º(6)
�, »?3¼��2½¾���"��p£��¿ÀÁÂ[��2+ÃÄÅ

�� s s c c{ ( )} { ( ) ( )}.E D R E D R D R= + ¥¦�§

2

( , ) 0 ( ) 1

( , ) arg min( 2 { ( , ) ( )}/ ),s

n L
R

k k r i c r

A P r n r D i n−

′ = = +
′ = + ⋅ ⋅∑ ∑k k

s.t. s c ,R R R+ � c
1

1 ,
L

i
ii

n
R R

k=

 
= − 

 
∑ s

1

,
L

l
l

R R
=

=∑
1

.
L

L i
i

P n
=

′=∑ (10)

��������, 	
��
����������
��, ������� !"

#�$%�
��&'�()*. �+,-.�/01
23: 456�789:;
<=,

>?.�@.�ABC i it n k= − 
<=, D�>?EFGHI, JKL !MNOPQRS,

T?UEKV ! , �WXY !ZT>? . [,\]^_`a
bcd2e��f�g

h[17,18](iQ O(nL)jkI). lmdno-pqf�rstuvc, +,wxyz���
K

VKLx�.

{(9)|}~� r� l
��, KL !�+,���

c c channel
0 ( ) 1 1 1 1

( ) { ( , ) ( )}/ { ( , ) ( ) / } ( ),
i

n L L n L

r i c r i r n k i

D R P r n r D i n P r n r D i n D i
= = + = = − + =

= × × = × × =∑ ∑ ∑ ∑ ∑ (11)

�} channel ( )D i ���� i ���
KL !. {����|}, 4��(10)|}
��, KL

 !+,t2������t. ��
� !+,��� s s channel
1

( ) ( ) ( ).
L

i

D R D R D i
=

= +∑

4�$%���f�<�]���

channel s s

s1

( ) ( )
,

L

ii

D i D R

R R=

∆ ∆
∆ ∆∑ � (12)

����� 
AB*¡C¢�£¤¥y¦§56¨C, �<=©>?KL���ª«XY

 !>U. �E«$%¬­<®?¯°, no?H(12)|±²
��

channel s s s
s

s1

( ) ( ) ( )
( ) ,

L

ii

D i D R D R
D R

R R R=

∆ ∆ ∆′=
∆ ∆ ∆∑ � � (13)

�} s ( )D R′ �.�9*. ³� channel ( )D i �´µ RS(n, ki), [,¶·no¸ s ( )D R′ ¹t L º, �

W�+,»(10)|}
¼½f�gh������¾½gh:
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channel
s

( )
arg ( ) / ,L L L

i

D L
k D R L k k

R

∧ ∧ ∆ ′= ∀ ∆ 
� � s.t. ,Lk n

∧
�

channel
s

( )
arg ( ) / ,i i i

i

D i
k D R L k k

R

∧ ∧ ∆ ′= ∀ ∆ 
� � s.t. ,i jk k

∧ ∧
� ,i j∀ �

channel ( ) ( 1, ) ( 1) ( ) / ,i iD i P n k n n k D i n∆ = − + ⋅ − + ⋅ .
1i i l

i i

n n
R R R

k k
∆ = −

−
(14)

�� L�������	�
�(�
��� Rs�� R). ����	��������� !

"#$%&'���. ()��	*+,-./ ( )O L n× , 00.�(10)1�	*+,.

4 ����

23456�789:�;�<=>5	?/?@ABCD	EFGHIJKLM@A


NOPQ	R
. :��STUV6WMGHIJ: 1) XYZ�[\]	^_`�ab,

cde FULP/I (BL	abfgh 40%, EL	abfgh 17%); 2) YZ�[\]	^_`�a

b, cde FULPI(BL	abfgh 36%, EL	abfgh 17%); 3) 2i	@A���jk

lmIJ, �nopq`�abropqYZs��ftuv, ��wx	hyzI{|/�

�	ftuv, cde OULPI; 4) 2i	@A}��jklmIJ, �nopq`�abro

pqYZs��ftuv, ��wx	hST>5	}��uvIJ, cde SOULPI. =~

IJ��wx6ST>5	��lmIJ"#�l�U@A��;>�@A���x��.

K=UV	EF���, �6�$�h��������wx	�h���U��. =

x	EF���n Foreman s Coastguard(CIF u��). ���IJ	�CR, EF����

	��h 10�/s. K89�ST��6LM@A��, @A��� 320 kbps/ 1 Mbps,  t

@�`¡�� 0.5%/ 25%¢�£�, @A¤p¥¦	`�)�e 2~3. e6§�¨©LIJK

@A�	R
, ST"$ª«@A`���ue¬M��: (a)�	@A`��� 15%/ 25%;

(b)��@A`��� 5%/ 10%; (c).	@A`��� 0.5%/ 1%. Q­	:�®¯°¯±~

t²³´�hµ¶ 30·¸ Monte Carlo:�¤p|/	.

¹ 4 s 5 �<	hº»ftuv¼½	R
, 45	 Foreman s Coastguard KLM@A

¾¿QLMIJ	R
. $I­��À/ST45	}��ftuv SOULPI KÁÂ@A�

� 4 ���� Foreman ���	
����
���� PSNR

(a) ������, (b) �������, (c) 	�����

---
----� FULP/I, �
��� FULPI, ����� OULPI, ���� SOULPI
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� 5 ���� Coastguard ���	
����
���� PSNR

(a) ������, (b) �������, (c) 	�����

---
----� FULP/I, �
��� FULPI, ����� OULPI, ���� SOULDI

�Q(�Ã@A��s@A`��)��Ä|s��ftuvIJ OULPI Å�·	ÆÇEFÈ

7, Éftuv*+,ÊËÌ ( )O L n× , Í~Î�	DxÏ�. Ð$I­, s^_`�abI

J FULPI s FULP/I Ñf, ��À5 OULPI s SOULPI IJ(®Ò>5	=~ÓÔ: �n��

lmropq`�abs�[YZ\]ÓÔÕ�¡9ftÖ�uv)KLM@A¾¿Q��|

6�×	ØÙR
. ÚÛ@A�x��Ü�, SOULPI Ä|	ÝÞßÜ�(Ñà� FULPI s

FULP/I). ��	á ��âãe OULPIs SOULPIIJuv��ä[@A`���s@A�

x���ÕL�EF�à(åÈ7	��æ_L�	abç, , �ÉÄ|�è	(å¡9 .

à��éê	EFë, °¯.�5ì6jk, �àD	���[í£îX�, =�ïð�[�

	Ý�, ft�[X�	ñ�ßòóÝô. K@A`���ÑÃõ, �x��Ý�, OULPI s

SOULPI öÑD÷((Ýø).�	abø,, ��
ùô����[~�ñ�, �É()ØÙ

R
ïð@A��ÝôÉú×, ûü6�¡9	£�ýþ. Éà�^_`�abIJ, ���

�@A��	·Ë, L)ft�[X�	ñ�h^_	(K$_	@A`��Q). =��ft

	X�ñ�ý� 1õ, GHIJ	R
K$_@A�����2a��£. K(a)
N�, à�

Foremans Coastguard�� SOULPÑà� FULPI�Ì��Ä|�� 5.5dBs 2.7dB	ÝÞ(K

960kbps @A��Q). K (b)�@A� , =~IJ����|Î×	R
 , 	�h OULPI,

SOULPIs FULPIR
o
��, �c´�)^_`�abo
CÒ��	@A`���. �

@A��"$ª
�(��¹ 4(c)s¹ 5(c)), SOULPI«ú·	ftÖ�uv46
��É��

K¦�?Ä|ú×	��GHEF, ��Ñà� FULPIIJu²Ä|�� 2.0 s 0.9 dB 	Ø

ÙÝÞ.

�Q;STu��[YZ\]ÓÔ4ØÙR
�;	ÝÞ. �[YZß�����*`

¡�[�, �¶�[YZ�[\]ÓÔ, @A��
ù�"$ª���, ��?ú�� x�

!"jÆÇ`¡	
#; �Ð�$)$,;À, µ¶�[YZ��, �$�	�ë=�x	


N�� RS �%�fá;&YZ��, 
N��	��|/>�, �É(å	R
£|ú×.

FULPI KGH¶'�Ñf( FULP/I 	ÝÞ;B)*u: 
�ÝÞs
NÝÞ. K�2��,

FULPIs FULP/I))GHIJp~Îø	abç,, u²h 36%s 40%. +� FULPIwx6

�[YZ\], =�xf FULP/I Ë 4%	������2a<�2�
ùK@A�X`¡	

GH. �� FULPI
�ÝÞ�;B��2�Ëx	 4%���[. ÉKÝø�,))IJ��
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x6 17%ÑÃ	ab. =� FULPI =Ä|	
NÝÞ��;B-.�[\]	Å/: �[Y

ZÓÔ. 0)� 	g1, K¹ 4(b)�, FULPI K 960 kbps ��QÄ| 3.6 dB ÝÞ(Ñf(

FULP/I). �¶¹ 4(c)s¹ 5(c), ST��¨©/ FULPIK=~@Aft2�õ3�f FULP/I

�5 1 dB45, 6õ FULPIs FULP/I���Î×78@A�	`�, ()?/?¡99:h


�¡9. ß�h³+�
�2;�;	ÝÞh 1 dB. ��ST��<U5K=@A¾¿Q

+��[YZ>?	`��*I­	ØÙ
�h 2.5 dB45.

@Ò:�®¯, STA®5�Q¬¾®B. �$, @A��Ü�, Ñf^_	opq`�

abIJ, Í~�¡9Ö�uv	IJR
ú×. K��	ftuv�ST��6L�	�

CD/Æ:R�Õ£�	@A¾¿� E, É^_`�abIJí e±~��@A¾¿	£

��É�
Î×!CD@AGH. �-, �[YZÓÔÃ�à t@EFGHØÙ~ðÆ:

	��. �[YZ~ �ØÙà@A`¡	�[�	�*, �)ÝÞ�F�@A	��, �Ì

���� 3 dB. �¬, G�
N¾¿Î×	��Q, �¡9uv	IJÑf(^_opq`�

IJHI��Ä|�è	(åÝÞ. �h e SOULPI K@A¾¿J	õ3uvú·	Ö�

4
�, �ÉÄ|�È7	¦���EF.

¹ 645	h CoastguardK 480 kbps@A��QLMGHIJ:õGH	 PSNRàf®

¯. KL»h��?ÆÇEF	�M, NTO��?¦�	õP�ÑÅ$)DxQ�Rõ, ß

�h$) BOP	Rõ. KST	:��$) BOP�S 20�EF, =���?	��Rõh 2

s. ��À5ST=>5	@ABCD��lmsjklm	IJp����àfIJ. 6�

SOULPI IJÍ~ú¤T	ÆÇEFÈ7, úUÒVT	9¨WX. àD	^_opq`�a

bIJ+�±~��/@A���
Î×!78@A`�, YYöZîEFÈ7~f(�	

� 6 ����� 480 kbps ��	
���
� Coastguard �� PSNR ����

(a) ������, (b) �������, (c) 	�����



�
� FULP/I, 



� FULPI, 


� SOULPI
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[\. 6� SOULPI ��ä[�U	@A��, à BL "#Î×!ab, =�EF��Î×!

K��?ÆÇ. IÉà�^_	opq`�abIJ, BL 
#�
ö�]^ÚÛjk�
�

�_`=ab, ���ö>?ÎÅ	EFÈ7�Ìö¦câ�d	�ef5gÆ�¯.

�¹ 4~6 �:�®¯��À52i>5	?/?�éêEFGHIJKLM@A¾¿Q

(�Ã	@A��s�Ã	`��), XBh9¨�¯hhi¨j»���Ä|�È7kl	

�X�¯.

5 ��

 t@�ëEFK¶mno;pÞîeo
Æ:	Dx, g°EFqr. K�)Dx�

sK	tuh°Â_`@A��	[\s@A`�, K��?Ä|�È7	EFÆÇ. 2i

>56$)vw	�éêEFK t@,"#?/?kl	GHIJ. 2i9:	xy~:

● zÒ��6ØÙ�L){|¼½: @ABCD��lmropq�[YZ\]rop

qjkabsftÖ�uv.

● K�[�	�¸,ST>56opq�[YZsjkabIJ, 
Î×!Ê}@A`

�àÆÇEF	È7Zî	~�.

● ¦ê6�éêEFëK t@GH	�¡9`B, Ãõ456ÑD	��	ftuv

IJ, K
��ësjkab¢�uv�x	@A��Ö�.

�789:�c´2i	IJà�éêEFK t@�	GHØÙ|/����s�È

7	ÆÇEF.
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