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Abstract 
We research into network video coding 

technology, including video compression 
techniques and real-time video coding and 
decoding. Concerning video compression 
techniques, we obtain near-optimal 
rate-distortion theory and computational 
algorithm for variable-bit-rate transmission. 
We also obtain an approach to joint 
rate-distortion coding of multiple videos, for 
which the simulation results show that the 
approach can obtain significant performance 
gain in comparison to one which does not 
pay such regard to the rate-distortion 
characteristics of the videos. Concerning 
real-time video coding and decoding, we 
employ a TI TMS320C62xx DSP 
development system to implement a set of 
H.263 video coding and decoding programs. 
Aside from investigation into software 
realization techniques of video codecs, the 
results are applicable to subsequent research 
in network video communication. 

Keywords: Rate-Distortion Theory, Video 
Rate Control, Joint Multiple-Video Coding, 
Software Video Codecs 

	�
��
��� 
���!"#$%&�'()*6:/

5��%&-.�(F/0+�/5��
23%&�'(Fqr6 
7%&-.�(F/0/5+r�A:

a����%&-.wx+���:��
(��b��(|����lm6�L+
�����fF��tv+����F%
&hi+� �:;¡¢£F¤¥6� 
¦B§
¨+©ª=E�((rate-distortion 
coding)F«¬+­�s:�®F!"6�
! " ] ^ 7 < = > ? (variable-rate 
transmission)@ACD=E�(GH1J
K0+�IO;%&PQ>?3A=E�
(06¯°A±m²³���� ATM �

Internet ���	
��
��������

�������
�������� !
�

"�#	
$%&�#'()*%&+,"�

#-.$%&�#'()*/0 MPEG4 "�

$1%&234�(VOP)�#'()� 

�23%&�'(Fqr/5+B
¨
��´}~Fno+©lLµlm;��
¶F CPU· DSP¸¹� 6� ºm:;
TI TMS320C62xx DSP Fno�p+»¼
H.263 wxqr:;23%&�'(�
y6:/5b��L½23qrA)*¾
¿�7+�/5b���#$%&�&!
"Am6 

������� 

A. ���������� !" 
À¦%&=E_`A3<`+:aÁ

�+<=>?b[Â=>?�D6Ã<=
>?@ACD=E�(GH1JK0+¯
LÄ�ÅCD'Æ7+CD'ÇÈÉ��
Ê96� Ê9:;BCD'(near-optimal 
solution)IJK06Ë�[1]6 



 2

�Ì¤A>?�pÍÎ�Ï:�Z67
ÐÑ�(FÒÓ@+� Ê9:tÀ>?
=	�1ÔÕ|�Ö�× F%&�Ø=
	�6� ]^ Lagrange Ù�CDÚ/
0+�Û¼ÜÝ	�Ê9:�BCD'F
_`6ÞÊ9:;ßàBCD'FJK
0+áâ�@� 

1. ]^ã� NäÏå(frames) [n,n+N]67
æ�çlmAè�Ø	�@���@A
LagrangeÙ�CDÚ� 

].)()([min
)(

∑
+

=

+
Nn

ni
iQ

ibiD λ  

æéD(i)�ê iÏåFE(distortion)+b(i)
�æ�Ø=+Q(i)���bµFëìÏ
åFí�Ú/y+λ� LagrangeÙ�6
îïLCDÚAWXb�ðñ:t>
?=\òó<=�ô>?=A	�+Ç
õ
@:tÏåTöÇ­�@:á6 

2. ð9÷0uv<=�ô	�Fê:tÏ
åø®+ù��[p,q]6���ÜyA
Lagrange Ù�CDÚ+æbmA�Ø
=+»æ�÷0uvA	��Ü	·@
	+�7Lø®3úû�üýAC�·
CÖþ6�áâ 16Ã7��ìáâ3
�[p,q]�z7M+��æ�m�A�Ø
=�è�Ø=é��6L�z1��A
�{�����6 

B. #� �$%!" 
�Ì¤AÍÎ�Ï4�Z6Ï	�Z�

M=3 3F:;
�6æé� �Q3úF
Ïåè���å(super frame)67�åF

�@+b�O%&APQ�(+1�:%
&F�(ef��6Ã:¢£A�ï+À
¦\Q�åF��¬bµ�\eQ+�F
�(0�× F�Ø=bµ�3ú���
FÜ@<Ú6� �£ðñ:;�F�Ø
��/06æqMPEG1/2A%&�(+�
I, P, BÏåA=E¾�\Q+�5ë��F
Ì¤6 
�@�Ý� �89+7�åWÎ��

�`<Ú3 �Ï	F
�!F"��(
067büýA�(ÐÑ[#�·�åW
Î\���`<Ú3+b$%&'lm6
Ë�[2]6 

1. ¦3ú n3+cà�æ3(A:;�å
��é+���åF=E¾�6 

2. 7L�å��é+�çlmAè�Ø	
�@+lm LagrangeÙ�0ßàCDA

�Ø��6 
3. )%L'*ö× ÔÕ|Ü+·@+6
îö+Ç»L'ë3ú n A�å{�
(6\,+%æ�× °�Ü+·@++
��å nµmA�Ø=��-�\× 
Ü+·@+Aþ+�»LëA{CD�
(6 

4. �3ú¯­:��6 

�ÜJK0+b./�0CD[3]+ÃU
V�(WXYZ�[A\]^%&=E_
`F:a/0+L/0bcdefYgF
hijk6 
�@�Z:�UVWX6æé� ]^

QCIF�ÖA Foreman, Salesman, I Claire
	%&APQ H.263 �(6	°FÏå=
1�23 10ä�5ä�I 10/3ä67PQ
�(3+� �45 QP (quantization 
parameter)þ¨{=1EúAeëà6+æ
é� ]^2Ïå4:Å QP I278t
(GOB)4:Å QP9:½/y6� ��W
X1;<}~ tmn-2.0A�(WX=[6ì
}~�4;>{Uy�?Â�Ø=1?Â
QP6À¦ì}~�÷O%&PQ�(Aµ
@+� 7L4UyA�(é��Âæ?
A��+l1%&A�Ø=1æeëÏå
= B=6 
2Ïå4:Å QPF�¼YZ�7C�

E/5+PQ�([A?Â�Ø=F�
(+ë2:%&Ahi��efjk6[
A?Â QPF�(+PQ�(AèEþ�[
#6ÏD�Z1%&1ÏåAE&�=
þ62:78t4:Å QPFWX+[2Ï
å4:Å�÷F�F'G6æH�bµ1
ÜÝPQ�(JK0A0CD`IIJ%
&A=E_`�¾6 

C. &'()� !*"+�,- 
� 7 Blue Wave Systems A TI 

TMS320C62xx DSPno�pÜK� H.263
A}~�'(|qr6À¦�ê:Lq
r+� Ä]^"�A H.263+M\]^æ
options6� ºm;<}~ tmn-2.0 �"
N+O�&'M 6�@P�Q�ºmA
DSP+RS/� F H.263 qr6Ëb�
[4]6 

C62xxF�£ÍÎZ¦ÏT6æUG|
V � A � £ _ � � @ � 256-bit 
very-long-instruction-word (VLIW) 
architecture, instruction-level parallel ism, I
software pipelining6æ�W� 8;1�XY



 3

F functional units (, 6;ALUI 2;Ù0
|)+� 2; data pathsI 32;ZÆ|6[
��b7ÏTé\]6TI ^_�`ACa
clock rate� 200 MHz+Ã� 7����
�ú�µbc°Ä� 160 MHz6�L+7
8 ; functional units deC�lmFfg
@+bc 1280 MIPS6 

C62xxFhi~_��@�j 64 kBA
data RAMI 64 kBAprogram RAM�4;
DMA ports�32-bitA external busbm�1
Mkhi~l�6æhi~mú��în
ot(banks)T1ot�pqï single-port+
Ã\QFotbQárà(access)6 

C62xxÂssînbÀCtu�yvw
Fûxyy(intrinsic functions)6[�ûx
yy�ë±¦:� C62xx _ÂFz{+b
��|}m C62xx FÍÎ_�6:aM
u+DSP}~nob~�@A	áâ� 

1. no��F C�y(+ÃZ3\�
_��I DSPF´~_�6 

2. Û¼DSPF´~_�¨&'C�y
((��lmæûxyy)+lµ�
|>m DSP6 

3. �X�ÜF�y(�\��|=+
Ç��æé[¢£FV��tvt
u(A&'6 

����£F�{�Å7¯4áâ6 
�¦� �mAnoÒÓA?9A�

µA_`+����£]^ sub-QCIF�y
A%&�'(6� nr�î�klm
tmn-2.0�y� C compilation+ÇæWX�
÷|=M\µ23��T:;�£��ï
æ�£FOF external memory accesses+L
Mf,���µ�|�>m DSPFC�U
Gµ@6�L� ¢ts�'(�yF�
�WÎ+��� external memory accessF
�í67>���/5+� 'ms H.263 
TMN8F fast diamond search+M� tmn-2.0
éF full search6&'�F>���+2:
� 7 (macroblock) � � 4 Å external 
memory accesses�:Å� fast diamond 
search+:Å�æ�F half-pel refinement6
>���A���F DCT/IDCT Ií�Ú
1óí�Ú�\�£R� external memory 
access6 
q�WXYZ�¥¯qrA�'(|+

7åû�(3�� 2.94 MIPS+å��(Ç
� 7.46 MIPS6�L+160 MHzFDSP2
3b{ 54.4 äåû�(· 21.4 äå��
(+200 MHzFDSP23b{ 68.0äåû

�(· 26.8äå��(6 
�ÜqrA�y+È�ýOb�'­1

��noAU6
���ÚæC�UG·
DMA�µ�O�æ�'(�¬+�oæµ
UGF%&��+1� ¡I¢%|A2
3ã£+�I4�·O�úF23#$>
?6 

.�
�/�01 
!"ûü1H��eu�¬��~e

u6eu�¬� 80%6 
� ¤�¥w¥g�¦§Anr�GH

A¨Ê1UyxY��K¡UV}~Ax
Y�q�HJAxY��©ª«6 
 XA�*1±m¬þ9��*¬þ

a+V�©n­¦��1�û*®�·©
¯°¦��*®I�±6±m¬þé9+
È�­:á!"6b±mA X��%&
<=>?3ABCDÐÑ�(0�O%&
AÅCDPQ�(0�I H.263 23�'
(}~6	°��­:á!"F¬þ6¯
4°·�b�]^%²³}6 
´vµ�����cc:�\¶F 

X+jefA�*1±m¬þ+�� �
©ª«A¥w6�µ�·D 6̧ 

2�3456 
[1] D. W. Lin, “Jointly optimal video codin g 

and rate control for variable-bit-rate 
transmission,” in Proc. IEEE Int. Conf. 
Image Processing, paper no. WP10.7, 
1998. 

[2] C.-W. Hung and D. W. Lin, “Joint bit 
allocation for multiple videos over 
multiple frames,” in Proc. Workshop 
Consumer Electronics, pp. 85-90, Taipei, 
Taiwan, ROC, Oct. 1999. 

[3] W.-C. Gu and D. W. Lin, “Joint 
rate-distortion coding of multiple videos,” 
IEEE Trans. Consumer Electron., vol. 45, 
no. 1, pp. 159-164, Feb. 1999. 

[4] S.-W. Chen and D. W. Lin, “H.263 video 
codec implementation on a 
TMS320C62xx digital signal processor,” 
in Proc. Workshop Consumer Elecronics,  
pp. 1-4, Taipei, Taiwan, ROC, Oct. 1999. 

 



 4

7�89 

 
Ï:�<=%&>?�p 

 
Ï4�O%&APQ�Ø=�� 

 
Ï	�	;%&PQ�(F
� 

 
(a) Foreman 

 

 
(b) Salesman 

 
(c) Claire 

ÏD�O%&\Q�(0AE&�=¹£ 

 
ÏT� TMS320C62xx�£WÎ à� TI

^º! 
 

 


