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 This thesis has proposed the developing of RTP and RTCP protocol for embedded 
system. These protocols lets the embedded system be able to send / receive real-time data on IP 
network. That capability is a main function for all communication devices that used for sending 
/ receiving voices and images data on the IP network. In this research, The RTP and RTCP 
protocols are developed under system call format, on µClinux operating system. This operating 
system is popular with the embedded system, which uses processing unit that dose not have 
MMU inside. Developing the system call format that works on kernel-mode of the operating 
system, helps the RTP and RTCP protocols are able to work in the embedded system rapidly 
and efficiently. The performance is better than an API in a library of the RTP and RTCP 
protocols, which works on user-mode of the operating system. Moreover, this encourages 
developers to bring the system call to develop applications or higher protocols, which are used 
for sending / receiving real-time data on the IP network for working with the embedded system 
in the future. 
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RTP = Real-time Transport Protocol 
RTCP = Real-time Transport Control Protocol 
MMU = Memory Management Unit 
IP = Internet Protocol 
NBC = Net Base Camp 
API = Application Programming Interface 
TCP = Transport Control Protocol 
UDP = User Datagram Protocol 
RTCP SR = RTCP Sender Report 
RTCP RR = RTCP Receiver Report 
RTCP SDES = RTCP Source Description 
CNAME = Canonical Name 
PC = Personal Computer 
ROM = Read-Only Memory 
GUI = Graphic User Interface 
NFS = Network File System 
ms = millisecond 
VoIP = Voice over Internet Protocol 
IPv4 = Internet Protocol version 4 
IPv6 = Internet Protocol version 6 
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D" aYR+�������L�
���F�"M[�$b"��QR�+AMR�F�"GD�+a
�aD�" \D�BCD]ED
D�+����L����Ad�+�"G�+��������E
R"H�?]"� ��
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�������
������)*+

�SD�?
"��+A
[+��S@ �M����?LF+?����� aYR+� ��$e��

�����"YR+AMR"�?�
"d���]ED+�"�"� ���������
������)*+

����]"$*@@L�
"�h�Q� � ��$e��

���� µClinux 
�"QR�+@��� ��$e��

����S
+��F��	����\Ad�+�"�?CF�"� ���������
������)*+

�aYR+]ED�"F�?
$� ���B����AMR`�F�M MMU �?CFH�?]"`SD�$b"�?F�+SM 

 
 ]"$*@@L�
"�M����"�?�	QR�	��GD��C�$� �HA real-time �"���Q�GF�? IP ���?�R+GY["A
[+GD��C�
$� �HAH���� �	M?+ �"QR�+@��GD��C�$� �HAS
+��F��Ad�]�DBCD]ED+�"	����\#
D
���
�BCD�QR"H�?]"
� �����Q�GF�?`SDA
"AM �
F���AMR�L$����	QR�	��@ 	����\G"	F+GD��C�$� �HA real-time �"
���Q�GF�? IP `SD"
["@ 
D�+�M#$�#
���	d���
�G"	F+GD��C�$� �HAS
+��F��Ad�+�"�?CFH�?]" aYR+
#$�#
���AMRAd��"D�AMRG"	F+GD��C�$� �HA real-time �"���Q�GF�? IP �h�Q�#$�#
��� RTP ��  
RTCP #S?#$�#
���A
[+	�+@ Ad�+�"�F���
"��QR�]�D���G"	F+GD��C�$� �HA real-time �"
���Q�GF�? IP �$b"`$�?F�+�M$� 	�AP�H�� (Mitra, 2001) (Goode, 2002) 
 
 �"QR�+@��#$�#
��� RTP ��  RTCP `�F`SD�$b"#$�#
�����
�]"���G"	F+GD��C��"
���Q�GF�? IP ���Q�"�
�#$�#
��� TCP, UDP, ��Q� IP �
F�$b"#$�#
���AMR`SD�
������������
��QR��	������Ad�+�"G�+#$�#
�����
�	d���
����G"	F+GD��C��"���Q�GF�? IP ]�D	����\G"	F+
GD��C�$� �HA real-time `SD�?F�+�M$� 	�AP�H�� S
+"
["� ��$e��

����	F�"]�NF@Y+`�F`SD@
S�
�M?�
#$�#
��� RTP ��  RTCP ]�D]ED+�"#S?�

#"�

� aYR+]"$*@@L�
"����
!"�#$�#
��� RTP 
��  RTCP @ �?CF]"�C$���G�+��������E
R"	d���h@�C$��Q��$b" library AMR������ API 	d���
����
Ad�+�"G�+#$�#
���S
+��F�����`�DH�?]" ��QR�]�DBCD]ED+�"	����\"d���� API ���F�"M[`$�
!"�
�$b"��������E
R"AMR
�+
������
D�+���`SD�?F�+	 S�� 
 
 library G�+#$�#
��� RTP ��  RTCP AMR�M]�D]ED+�"	F�"]�NF`SD�
������������]�D
Ad�+�"�?CF�" user-mode � ��$e��

���� Linux �$b"��
� S
+"
["��@@ `�F	����\"d� library 
S
+��F����]ED+�"�"user-mode G�+� ��$e��

���� µClinux 	d���
�� ���������
������)*+


�`SD#S?
�+ �"QR�+@���
�T� ���Ad�+�"�� �+��$� ���
F�+q H�?]"� ��$e��

����A
[+	�+�M
�����
�
F�+�
"�����	���� (#S?�s�� ���Ad�+�"AMR��MR?��
� MMU) @Y+Ad�]�D API ��+

�
H�?]" library G�+#$�#
��� RTP ��  RTCP AMR	����\Ad�+�"`SD�?F�+\C�
D�+�"
� ��$e��

���� Linux ��@@ `�F	����\Ad�+�"`SD��Q�`SDB��
�P�`�F\C�
D�+��QR�"d� API S
+��F��
��]ED+�"�"� ��$e��

���� µClinux aYR+�$b"��QR�+?LF+?����	����AMRBCD]ED+�"@ 
D�+
��@	��, 
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AS��+, ��Q��, �� ��D`G API 
F�+q H�?]" library G�+#$�#
��� RTP ��  RTCP AMR`SD�
����
�
!"�GY["��	d���
�]ED+�"�"� ��$e��

���� Linux ]�D	����\"d�`$Ad�+�"�"� ��$e��

���� 
µClinux `SD�?F�+\C�
D�+ 
 
 S
+"
["+�"��@
?E�[""M[@Y+`SDAd�����
!"� system call G�+#$�#
��� RTP ��  RTCP AMR
���� 	�	d���
����Ad�+�"�?CF�" kernel-mode G�+� ��$e��

���� µClinux #S?�s��  aYR+@ 
EF�?]�DBCDAMR
D�+���]ED+�"#$�#
��� RTP ��  RTCP 	d���
��
!"���������E
R"��Q�#$�#
���
� S
�	C+AMR��MR?�GD�+�
����G"	F+GD��C�$� �HA real-time �"���Q�GF�? IP ��QR�"d�`$]ED+�"�"
� ��$e��

���� µClinux H�?]"� ���������
������)*+

�`SD�
�����	 S�����?�R+GY[" 
�"QR�+@�� system call @ `SD�
����
�S

[+�+`$�" kernel G�+� ��$e��

����#S?�

#"�

�

[+�
F
G
["
�"������`�����  build kernel G�+� ��$e��

���� S
+"
["��QR�BCD]ED+�"�M system call G�+
#$�#
��� RTP ��  RTCP ��D��]�D��M?�]ED+�"�?CFH�?]" kernel G�+� ��$e��

���� µClinux 
��D��h`�F@d��$b"
D�+
�S

[+ library G�+#$�#
��� RTP ��  RTCP �+`$�" user-mode G�+
� ��$e��

���� µClinux �M� "��@��"M[����
!"����Ad�+�"G�+#$�#
��� RTP ��  RTCP ]"
�
�T� G�+ system call AMRAd�+�"�?CF�" kernel-mode G�+� ��$e��

����?
+	����\Ad�+�"`SD
�?F�+��S��h��� �M$� 	�AP�H�������F� API G�+#$�#
���S
+��F��AMRAd�+�"�?CF�" user-mode 
G�+� ��$e��

���� 

 
 
 
 



���ef���>%�	 
 

1. ��QR�AS	���F�� ���������
������)*+

�aYR+]ED�"F�?$� ���B����AMR`�F�M MMU 
�?CFH�?]"	����\��+�
����Ad�+�"G�+#$�#
��� RTP ��  RTCP `SD��Q�`�F 

2. ��QR��
!"� system call G�+#$�#
��� RTP ��  RTCP GY["��Ad�+�"�?CF�" kernel-
mode G�+� ��$e��

���� µClinux #S?�s��  

3. ��QR�]�D system call G�+#$�#
��� RTP ��  RTCP AMR�
!"�GY["EF�?�d�"�?����
	 S��]�D�
�BCDAMR
D�+����
!"���������E
R"��Q�#$�#
���� S
�	C+	d���
�G"	F+GD��C���� 
real-time �"���Q�GF�? IP GY["��]ED+�"�"� ��$e��

���� µClinux H�?]"� ���������
������
)*+

� 

4. ��QR��� codec AMR���� 	�aYR+@ Ad�]�D#$�#
��� RTP ��  RTCP 	����\Ad�+�"�"
� ���������
������)*+

�`SD�?F�+\C�
D�+ 

5. ��QR�
��@	��$� 	�AP�H�����Ad�+�"G�+ system call AMR�
!"�GY["�AM?��
� API AMR
"d���]ED�$b"
D"���]"����
!"� system call S
+��F�� 

6. ��QR��$b"�Q["c�"]"����
!"�� ���������
������)*+

�aYR+]ED�"F�?$� ���B����
AMR`�F�M MMU �?CFH�?]"]�D���?�$b"#A��
�A� IP ����\C�
F�`$ 



������7<
�>�� 
 

��""�
:���<�
�	�""#$%��� 

 
� ���������
������)*+

��$b"� ���������
���AMR`SD�
������������]�DAd�+�"

�s�� �?F�+ S
+"
["H�?]"� ���������
������)*+

�@ $� ���SD�?A�
�?����AF�AMR@d��$b"
	d���
����Ad�+�"
��AMR`SD�d��"S`�D�AF�"
[" Ad�]�D� ���������
������)*+

��
F� ���@ �M
�
�T� �
�
F�+�
"���`$
�����"d�`$]ED+�" 

��?F�+G�+� ���������
������)*+

�]"
$*@@L�
" `SD��F Router, ���QR�+��F"���$� �HA
F�+q, �L$��������L�H�?]"�\?"
�, ���`$\Y+
�L$����	QR�	��$� �HA
F�+q �$b"
D" 

 
� ���������
������)*+

�]"$*@@L�
"@ ]ED microcontroller 	d���
�����L����Ad�+�" 

aYR+H�?]" microcontroller @ �MA
[+�"F�?$� ���B�, �"F�?����@d�, �� ��"�
����~	
F�+q 
$� �������GD�SD�?�
"H�?]" 1 chipset ��QR�]ED����L����Ad�+�"�s�� �?F�+ 	F+B�]�D� ��
�������
������)*+

��MG"�S��h��� @ Ad�+�"`SD
���
�T� G�+ microcontroller AMR��Q��]ED
�AF�"
[" 	d���
� microcontroller "
["	����\��F+���`SD�$b" 2 �C$���
���
�T� G�+�"F�?
$� ���B�H�?]"AMR��Q��]ED S
+"M[ ���AMR 1 �Q� ���AMR��Q��]ED�"F�?$� ���B�aYR+�M MMU �?CF
H�?]" Ad�]�D microcontroller AMR]ED�"F�?$� ���B�]"�
�T� "M[���� �
�+�"AMR�MG"�S]�NF�� 
�M����a
�aD�"]"���$� ���B��F�"GD�+��� �
F@ 	F+B�]�D microcontroller �M����	C+ ���AMR 2 
�Q� ���AMR��Q��]ED�"F�?$� ���B�aYR+`�F�M MMU �?CFH�?]" microcontroller AMR]ED�"F�?
$� ���B��
�T� "M[@ �M����\C��� 	����\$� ���`SD�?F�+��S��h� �
F@ ���� �
�+�"AMR�M
����a
�aD�"]"���$� ���B�`�F���"
� 

 
]"$*@@L�
"�M� ���������
������)*+

�]�D]ED+�"���?�C$��� �MA
[+���AMRB��
	d���h@�C$

��@�����T
A�� ���AMR"d��L$����
F�+q ��$� ���GY["��+
������
D�+��� aYR+H�?]"� ��
�������
������)*+

�@ �M�L$����� `��?CF�D�+"
["GY["�?CF�
��

\L$� 	+�����"d�`$]ED+�"�$b"
��
� ]"+�"��@
?"M[�$b"����
!"�#$�#
��� RTP/RTCP GY["��Ad�+�"�"� ���������
������
)*+

� ��QR��$b"�Q["c�"]"����
!"�� ���������
������)*+

�]�D���?�$b"#A��
�A� IP ����
$� �?
S
F�`$]"�"��
 ��QR��"D"]�D�M����$� �?
S� ���������
������)*+

�AMR]ED@Y+����$b"
���AMR]ED�"F�?$� ���B�aYR+`�F�M MMU �?CFH�?]" �M�A
[+��QR��M���Ad�+�"A�+SD�"�"h
������
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�F���
�#$�#
���
F�+q ��QR�����
�	F+GD��C��"���Q�GF�? IP �"� ���������
������)*+

�@Y+
@d��$b"
D�+�M��"�
����~	G�+ Ethernet �?CFSD�? +�"��@
?E�[""M[@Y+��Q��]ED� ���������
������)*+


�AMR�MEQR��F� NBC board (`SD�
����	"
�	"L"@�� NECTEC) AMRH�?]"]ED  microcontroller 
Samsung S3C4530A aYR+�$b" microcontroller AMR`SD�
������������	d���
�����L�+�"A�+SD�"
�"h
�������"���Q�GF�? Ethernet #S?�s��  Ad�]�D microcontroller "M[�M��"�
����~	G�+ Ethernet 
������h� 10/100 mbps �?CFH�?]" �� ]ED�"F�?$� ���B��$b" ARM7TDMI aYR+`�F�M MMU �?CF
H�?]"Ad�]�D microcontroller S
+��F��	����\Ad�+�"`SD�?F�+��S��h��� �M����\C� 

 

 
 

F���PI 1  NBC board � ���������
������)*+

�AMR]ED]"+�"��@
?"M[ 
 

��""�h�"������ µClinux 

 
$*@@L�
"�MBCD�
!"�� ��$e��

����GY["��]ED+�"�
�� ���������
������)*+

������?

���?�C$��� �
F@ 	����\��F+����$b" 2 $� �HA]�NFq 
���

\L$� 	+�����]ED+�" (Lingxia 
Wang, Yao, Yang and Zhu, -) �Q�� ��$e��

����AMR]ED�
�+�"�s�� A�+ �EF" IOS AMR]ED+�"�" 
Router G�+  Cisco �$b"
D" �� � ��$e��

����AMR]ED�
�+�"A
R�`$ �EF" Windows CE, Linux �$b"

D" #S?� ��$e��

�������AMR]ED�
�+�"A
R�`$AMR`SD�
�����"�?�]"���"d���]ED�
�� ��
�������
������)*+

����]"$*@@L�
"�Q� � ��$e��

���� Linux �"QR�+@��� ��$e��

���� Linux 
�$b"a�~
�������� open source Ad�]�DBCD]ED	����\$�
��$�MR?", ���R��
��, ���`$\Y+��D`G
� ��$e��

����]�D
�+
������
D�+���`SDSD�?
"��+ �M�A
[+H�?]"� ��$e��

���� Linux ?
+�M
���QR�+�Q�
F�+q AMR]ED]"����
!"���������E
R"�� SC��� ���?F�+���\D�" #S?AMRBCD]ED`�F
@d��$b"
D�+�	M?�����
!"�	�R+���F�"M[GY["��]ED+�"��+ aYR+@ EF�?]�DBCD]ED	����\�
!"���������E
R"
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F�+q GY["��Ad�+�"�
�� ���������
������)*+

�`SD�?F�+	 S�� �� Ad�]�DBCD]ED	����\SC���� 
����L����Ad�+�"
F�+q G�+� ���������
������)*+

�`SDSM?�R+GY[" 

 
�"QR�+@�� Kernel G�+� ��$e��

���� Linux 
D�+Ad�+�"�
��"F�?$� ���B�AMR�M MMU 

�?CFH�?]"�AF�"
[" @Y+	����\"d����� ��$e��

���� Linux ��]ED�"� ���������
������)*+

�AMR
]ED�"F�?$� ���B�AMR�M MMU �?CFH�?]"`SD �
F`�F	����\"d���]ED+�"�
�� ���������
������
)*+

�AMR]ED�"F�?$� ���B�AMR`�F�M MMU �?CFH�?]" @Y+�M����
!"�� ��$e��

����AMR�M�
�T� 
��D�?��Y+�
�� ��$e��

���� Linux GY["�� �
F]�D	����\Ad�+�"�?CF�"� ���������
������)*+


�AMR]ED�"F�?$� ���B�aYR+`�F�M MMU �?CFH�?]"`SD�?F�+�M$� 	�AP�H�� #S?� ��$e��

����AMR
�
!"�GY["��]��F"M[�MEQR��F� microcontroller Linux (µClinux) (Yaghmour, 2003) 

 
� ��$e��

���� µClinux �$b" distribute AMR

S���	F�"���Ad�+�"�
� MMU ���@�� 

Kernel G�+� ��$e��

���� Linux ��QR�]�D���� 	��
����Ad�+�"�"� ���������
������)*+

�
AMR]ED�"F�?$� ���B�aYR+`�F�M MMU �?CFH�?]" 	F+B�]�DG"�S kernel G�+� ��$e��

���� 
µClinux ��
+@�����`�����D��MG"�S��h� Ad�]�DEF�?$� �?
S�Q["AMR�"F�?����@d�H�?]"� ��
�������
������)*+

�	d���
����@
S��h��� 	d���
�]ED]"���Ad�+�"G�+� ��$e��

���� 
µClinux \Y+��D�F� kernel G�+� ��$e��

���� µClinux @ `�F�M	F�"AMRAd�+�"�
� MMU �
F
� ��$e��

���� µClinux  ?
+�+�L�	��

��SF"q G�+� ��$e��

���� Linux `SD�?F�+���\D�" �EF" 
��+�
� file system ���?$� �HA, ��+�
����Ad�+�"�
�#$�#
���]"��LF� TCP/IP ���`$\Y+
#$�#
���]��Fq AMR�M]ED+�"�
"�?F�+���F���?]"$*@@L�
" �$b"
D" SD�?�L�	��

����F�"M[Ad�]�D�MBCD
"�?�"d�� ��$e��

���� µClinux ��]ED+�"�
�� ���������
������)*+

�AMR]ED�"F�?$� ���B�
aYR+`�F�M MMU �?CFH�?]"�?F�+��D�+G��+ Ad�]�D]"$*@@L�
"� ��$e��

���� µClinux 	����\Ad�+�"
��+�
��
�� ���������
������)*+

����?q platform �EF" ARM, ColdFire, Axis ETRAX, 
Motorola 6800 �$b"
D" (Nikkanen, 2003) 

 
"��@�����$�
��$�MR?"H�?]" Kernel ��D� ?
+`SD�M����
!"� library G�+H�T� C AMR�MEQR�

�F� uClibc 	d���
�"d���]ED+�"�"� ��$e��

���� µClinux #S?�s��  H�?]" uClibc `SD������ 
API ��
�q ��@�� glibc aYR+�$b" library ��
�c�"AMR�M]ED+�"�?CF�"� ��$e��

���� Linux  #S?`SD


SA�" API AMRAd�+�"�
� MMU ���`$]�D���Q��s��  API AMR@d��$b"	d���
����Ad�+�"�
�� ��
�������
������)*+

�AMR]ED�"F�?$� ���B�aYR+`�F�M MMU �?CFH�?]"�AF�"
[" Ad�]�D uClibc �M
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G"�S��h��� 	����\Ad�+�"�F���
�� ��$e��

���� µClinux `SD�?F�+�M$� 	�AP�H�� �M�A
[+���AMR 
uClibc ]ED API @�� glibc Ad�]�D	����\]ED���	��AMR�GM?"�$b"�CF�Q�]"���]ED+�" API 
F�+q H�?]" 
glibc ���$b"�CF�Q�]"���]ED+�" API AMR�M�?CFH�?]" uClibc `SD �� \Y+��D�F�]"G� "M[ uClibc @ �M 
API 
F�+q `�F�AF��
�AMR�M�?CF]" glibc aYR+]ED�
"�?CF]"� ��$e��

���� Linux �
FH�?]" µClinux `SD
@
S�
�M?� library �	�����+	F�"���`�D]�D	����\]ED�F���
� uClibc ]"������`�����  build 
��������E
R"	F�"]�NFAMR�M]ED+�"�?CF�"� ��$e��

���� Linux ]�D��Ad�+�"�?CF�"� ��$e��

���� 
µClinux `SD�$b"�?F�+SM (Nikkanen, 2003) 

 
"��@���M uClibc AMR�$b" library aYR+������ API 
F�+q G�+H�T� C 	d���
�]ED+�"�
�

� ��$e��

����  µClinux ��D� ?
+@d��$b"
D�+�M���QR�+�Q�AMRAd�+�"�F���
� library uClibc ��QR�]ED]"
��� build �� ���`�����������E
R"
F�+q AMR@ "d�`$]ED+�"�"� ��$e��

���� µClinux ���`$
\Y+]ED]"��� build �� ���`��� image G�+� ��$e��

���� µClinux GY["���F�"@ "d�`$
�S

[+]ED
+�"�"� ���������
������)*+

�
F�`$ aYR+`SD�MBCD�
!"����QR�+�Q����F�"M[]"�
�T�  cross-tool 
��QR�����	 S��]"���]ED+�" #S?	����\"d� cross-tool `$
�S

[+�"� ��$e��

���� Linux �� 
]ED���QR�+�Q�AMR�?CFH�?]" cross-tool ]"��� build ��Q����`�����������E
R"���`$\Y+ image G�+
� ��$e��

���� µClinux 
�� platform AMR���
D�+����"� ��$e��

���� Linux `SDA
"AM  #S?]"
$*@@L�
"�M cross-tool 	d���
�� ��$e��

���� µClinux �������? platform ]�D]ED+�" �EF" arm-
elf-toolchain 	d���
� ARM platform, m68k-elf-toolchain 	d���
� Motorola 6800 platform �$b"
D" 
aYR+���QR�+�Q�
F�+q AMR�?CFH�?]" cross-tool 	F�"]�NFS
S�$�+��@�� GNU tool AMR�$b"��LF�G�+
���QR�+�Q�	d���
�]ED]"����
!"���������E
R"�"� ��$e��

���� Linux �EF" GNU gcc (C/C++ 
���`������), GNU binutils (binary tool 
F�+q �EF" Linker, Assembler) �$b"
D" (Nikkanen, 2003) 
��QR�]�D���� 	�]"���"d�`$]ED+�"�
��
F�  platform #S??
+�+]�D��PM���]ED+�"���QR�+�Q�
F�+q 
H�?]" cross-tool �M�
�T� ]��D��M?+�
���PM���]ED+�"���QR�+�Q�H�?]" GNU tool aYR+EF�?]�D]ED+�"
���QR�+�Q����F�"M[`SD�?F�+	 S�� �� 	����\"d����	����PM���]ED+�" GNU tool AMR�M�?CF�����?��
�$b"�CF�Q�]"���]ED+�"���QR�+�Q�H�?]" cross-tool `SD (Nikkanen, 2003) 

 
��QR�����L��� SC�����Ad�+�"G�+A�
�?����� ��������E
R"
F�+q H�?]" NBC board 

]�DAd�+�"�F���
"`SD�?F�+\C�
D�+�� �M$� 	�AP�H�� @Y+`SDAd����
�S

[+� ��$e��

���� µClinux 
�+�" NBC board "��@��"M[� ��$e��

���� µClinux ?
+EF�?@
S�
�M?�#$�#
����Q["c�"]"��LF� 
TCP/IP aYR+]ED]"���G"	F+GD��C��"���Q�GF�? IP ���`�D Ad�]�D	����\�
!"�#$�#
���� S
�	C+
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�� ��������E
R"
F�+q 	d���
�G"	F+GD��C��"���Q�GF�? IP `SD	 S��?�R+GY[" #S?G
["
�"]"���

�S

[+� ��$e��

���� µClinux �+�" NBC board 	����\�Y�T�`SD@��H��B"�� �  
 

������
� RTP ��� RTCP 

 
A
[+#$�#
��� RTP ��  RTCP @ �M���Ad�+�"�F���
" ��QR�]�D����
�	F+GD��C�$� �HA 

real-time �"���Q�GF�? IP �$b"`$�?F�+�M$� 	�AP�H�����AMR	LS aYR+#$�#
���S
+��F���M�"D�AMR
��
�q S
+"M[ 

 
1. ������
� RTP 

 

 �"D�AMR��
�G�+#$�#
��� RTP �Q�@
S���]"��QR�+���G"	F+GD��C�$� �HA real-time �"
���Q�GF�? IP ]"AL�q SD�" #S?�$b"#$�#
���AMR�GD���EF�?�	������Ad�+�"G�+#$�#
��� UDP 
�� #$�#
��� IP ]"���G"	F+GD��C�$� �HA real-time �"���Q�GF�? IP ]�D�M$� 	�AP�H�����
AMR	LS �EF" �M���	�D�+ sequence number ]�D�
� packet G�+GD��C���QR�]ED
��@	�����	CN��?G�+ 
packet ]"� ��F�+���G"	F+, ]	F�F� timestamp ]�D�
��
F�  packet 	d���
�]ED]"���Ad� 
synchronize � ��F�+){�?�
��� ){�?	F+ ���`$\Y+]ED]"���Ad� timing recovery AMR){�?�
�GD��C� 
��QR�]�D��������E
R"AMR"d�GD��C����F�"M[`$]ED+�" 	����\�	S+B�`SD�?F�+\C�
D�+���?�R+GY[" �$b"
D" 
(Perkins, 2003)( Schulzrinne, Casner, Frederick and Jacobson, 2003) 
 
2. ������
� RTCP 

 
 �$b"#$�#
���AMRAd�+�"`$��D��q �
�#$�#
��� RTP �
F@ `SD�
�����d��"S]�DAd�+�"
�?CF�"�  port �
�#$�#
��� RTP aYR+$�
���D� port AMR�d��"S]�D�
�#$�#
���A
[+ 2 @ 

F��"QR�+�
"#S? port AMR�$b"��G�CF@ `SD�
�����d��"S]�D�
� RTP packet ]"G� AMR port \
S`$AMR�M
��G	C+��F� (�$b"��G�MR) @ `SD�
�����d��"S]�D�
� RTCP packet �"D�AMR��
�G�+#$�#
��� RTCP 
�Q�	�D�+��?+�"]"SD�"
F�+q ��QR�EF�?]�D���Ad�+�"G�+#$�#
��� RTP �$b"`$�?F�+�M
$� 	�AP�H�� aYR+��?+�"AMR	�D�+GY["#S?#$�#
��� RTCP �M 3 �C$���]�NFq S
+"M[ (Perkins, 2003) 
(Schulzrinne, Casner, Frederick and Jacobson, 2003) 
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1) ��?+�"AMR]ED]"���$�
�$�L+�L�H�����G"	F+GD��C�]�D�M$� 	�AP�H�����?�R+GY[" #S?
){�?�
��� ){�?	F+AMR�?CFH�?]" session �SM?��
"@ ���
?#$�#
��� RTCP ]"���	�D�+��?+�"G�+
�F�
F�+q AMR@d��$b"	d���
����"d�`$$�
�$�L+�L�H�����G"	F+GD��C�H�?]" session "
["q #S?){�?
	F+GD��C�@ 	�D�+ RTCP SR AMRH�?]"@ ���\Y+@d�"�"G�+ packet �� G"�SG�+GD��C�A
[+��SAMR
){�?	F+`SD	F+���`$

[+�
F���R�
D"���Ad�+�" ��D�@Y+	F+ RTCP SR AMR	�D�+GY["���`$]�D�
�BCD�
�
GD��C�A
[+��SAMR�
�GD��C�@��){�?	F+"
["q #S?
�+ ]"G� AMR){�?�
�@ Ad����	�D�+ RTCP RR AMR
H�?]"@ ���\Y+�F� interarrival jitter, @d�"�"G�+ packet AMR	CN��?, �F� loss fraction AMR�	S+
@d�"�"G�+ packet AMR	CN��?�AM?��
�@d�"�"G�+ packet AMR��S�F�@ `SD�
�@��+ �$b"
D" ��D�	F+���
`$]�D�
�BCD	F+A
[+��SAMR	F+GD��C��GD��� aYR+A
[+){�?�
��� ){�?	F+@ "d�GD��C�AMR
"��+`SD�
���@���M�
){�?�"YR+`$$� ���B���QR�$�
�$�L+�L�H������
�	F+GD��C�\Y+�
"]�D�M$� 	�AP�H�����GY[" 
 

2) ��?+�"AMR]ED]"����	S+��?� ��M?SG�+	��E��AMR�?CFH�?]" session 	��E���
F� �"
H�?]" session @ 
D�+	�D�+ RTCP SDES GY["�� aYR+H�?]"@ �M��?� ��M?SG�+	��E��"
["q �EF" 
EQR�, EMAIL address, ���?��G#A��
�A� �$b"
D" �
F��?� ��M?SAMR	d��
NAMR	LSAMR@d��$b"
D�+�M�?CF
H�?]" RTCP SDES �	�� �Q� CNAME AMR�$b"�	�Q�" ID ]ED�	S+

�
"G�+	��E��"
["q H�?]" 
session ��
+@��"
["	��E���
F� �"@ 
D�+	F+ RTCP SDES G�+
"��+���`$]�D�
�	��E���QR"q 
H�?]" session "
["q A
[+��S ��QR��$b"���?Q"?
"����M

�
"G�+	��E��"
["q H�?]" session aYR+@ 
Ad�]�D	��E���QR"q ?���
� RTP ��  RTCP packet AMR	F+��@��	��E��"M[ �M�A
[+?
+EF�?]�D	��E���
F
� �"A���\Y+��?� ��M?S�� @d�"�"	��E��A
[+��SAMR�M�?CFH�?]" session � G� ����"
[" aYR+@ 
EF�?]"����d�"���F���+�?F�+]"���Ad�+�"G�+#$�#
��� RTP ��  RTCP 	d���
�	��E���
F� 
�"]�D\C�
D�+
�+�
"A
[+ session �EF" EF�+����\
S`$AMR@ ]ED	F+ RTCP compound packet �$b"
D" 
 

3) ��?+�"AMR]ED	d���
�����L�@d�"�"	��E��H�?]" session ]"���MAMR�M	��E�����@�� 
session 	��E��"
["q @ 
D�+	F+ RTCP BYE `$]�D�
�	��E���QR"q H�?]" session "
["q A
[+��S 
��QR��$b"���?Q"?
"�� �@D+]�D	��E���QR"q `SDA����F�	��E��"M[�d��
+@ ���@�� session ��D� aYR+@ 
Ad�]�D	��E���QR"q `�F?���
� RTP ��  RTCP packet ]Sq AMR	F+��#S?	��E��"M[ �M�A
[+?
+EF�?]�D
	��E���QR"q $�
��$�MR?"�F���+�?F�+]"���Ad�+�"G�+#$�#
��� RTP ��  RTCP ]�D\C�
D�+
�+
�
�@d�"�"	��E��AMR�S�+@�� session 
F�`$ 
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#S?$�
���D���?+�"G�+#$�#
��� RTCP @ \C�	F+���`$�$b"EF�+q GY["�?CF�
�@d�"�"G�+
	��E���� �

��	F�"G�+	��E��AMRAd��"D�AMR�$b"BCD	F+GD��C�H�?]" session � G� ����"
[" ���`$
\Y+G"�SG�+ bandwidth AMR�d��"S]�D�
�#$�#
��� RTCP H�?]" session "
[" aYR+\D��F����F�"M[�M
����$�MR?"�$�+@ 
D�+Ad�����d�"��EF�+]"���	F+��?+�"G�+#$�#
��� RTCP ]��F�	�� 
	d���
��F�G�+EF�+����AMR
Rd�AMR	LSAMR]ED]"���	F+��?+�"G�+#$�#
��� RTCP �Q� 5 ��"�AM 
"��@��"M[��?+�"G�+#$�#
��� RTCP �
F� �
"`�F`SD	F+�?��$b" packet �SMR?�q �
F@ "d���?+�"
A
[+��SAMR
D�+���	F+���`$ � G� ����"
[" ����GD����$b" packet ��M?+ packet �SM?�]"�
�T� 
G�+ RTCP compound packet ��QR�$� �?
S bandwidth H�?]" session (Perkins, 2003) 
 

#$�#
��� RTP ��  RTCP @ Ad�+�"�?CF�"#$�#
��� UDP/IP aYR+�$b"#$�#
�����
�
AMR]ED]"���G"	F+GD��C��"���Q�GF�? IP #S?#$�#
��� RTP ��  RTCP "��@��@ �M�"D�AMR��
�
]"���G"	F+GD��C�$� �HA real-time `$�"���Q�GF�? IP ��D�?
+Ad��"D�AMR	�D�+����"F��EQR�\Q�]"
���G"	F+GD��C�$� �HA real-time �"���Q�GF�?AMR`�F�M����"F��EQR�\Q��M�SD�? �"QR�+@��#$�#
��� 
UDP/IP �$b"#$�#
���AMRAd�+�"]"�
�T�  connectionless aYR+`�F�M��`�]"���	�D�+����EQR��
F�
� ��F�+){�?	F+�� ){�?�
�GD��C��F�"���R�����
��� 	F+GD��C�@��+q �M�A
[+]"� ��F�+���G"	F+
GD��C�� ��F�+�
"@ `�F�M���?Q"?
"����\C�
D�+�F�){�?�
�`SD�
�GD��C������Q�`�F �� \D�){�?�
��
�
GD��C�`�F����h@ `�F�M���	F+GD��C�ELS"
["a[d� �
F���AMR#$�#
��� UDP/IP `�F�M��`����F�"M[Ad�]�D
	����\G"	F+GD��C�`SD�?F�+��S��h� aYR+���� �
�GD��C�$� �HA real-time S
+"
["��QR�#$�#
���AMR
]ED]"���G"	F+GD��C���� real-time �"���Q�GF�? IP `�F�M����"F��EQR�\Q���M?+�� #$�#
��� RTP 
��  RTCP @Y+`SD�
�����
!"�GY["����QR����R�����"F��EQR�\Q�AMR End-point �A" aYR+ End-point ]"AMR"M[
�h�Q�BCD�
��� BCD	F+GD��C�"
R"��+ #S?#$�#
��� RTP ��  RTCP @ EF�?���R�����s��S]�D�
� End-
point ]"���
��@	�����	CN��?G�+GD��C� ���`$\Y+$�
��$�MR?"����	S+B�G�+GD��C�]�D
\C�
D�+
��GD��C�AMR`SD�
��GD��� aYR+@ Ad�]�D���G"	F+GD��C�$� �HA real-time �"���Q�GF�? IP �M
����"F��EQR�\Q����?�R+GY[" (Perkins, 2003) ����	
��
"P�G�+#$�#
���]"�
F� � S
�E
["	d���
�
���G"	F+GD��C�$� �HA real-time �"���Q�GF�? IP �$b"S
+�C$AMR 2 (Kurose and Ross, 2002) 
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F���PI 2  �	S+����	
��
"P�G�+#$�#
���]"�
F� � S
�E
[" AMR]ED]"���G"	F+GD��C����  
                     real-time �"���Q�GF�? IP 
 
 ��
����Ad�+�"��Q[�+
D"G�+#$�#
��� RTP ��  RTCP ]"���G"	F+GD��C���� real-
time �"���Q�GF�? IP "
[" ���R�
D"��QR�){�?�
��� ){�?	F+
D�+���G"	F+GD��C�\Y+�
" @ 
D�+Ad����
	�D�+EF�+A�+G"	F+GD��C�AMR��M?��F� session (IP address ��  port) GY["���EQR��
F�� ��F�+A
[+ 2 ){�? 
#S?A
[+�CF@ 
D�+Ad����	LF��F�GY["����QR�]ED�$b"�	�Q�" ID $� @d�

�E
R�����aYR+��M?��F� 
Synchronization Source (SSRC) ]"���]ED�	S+�����M

�
"H�?]" session "
["q ��
+@��"
["){�?
	F+@ "d�GD��C�AMR`SD�
���@�� media codec ��	�D�+�$b" RTP packet ��D����R�	F+���`$]�D){�?�
�
BF�"A�+ session AMR`SD	�D�+GY["A
"AM ]"EF�+"M[\Y+��D�F�){�?�
�@ `SD�
� RTP packet AMR){�?	F+	F+��]�D
�
F@ � A�[+ packet ���F�"
["A
[+��S  �"QR�+@��){�?�
�?
+`�F`SD�
� RTCP SDES AMR]ED�	S+�����M


�
"G�+){�?	F+ Ad�]�D){�?�
�`�F	����\?���
� RTP packet AMR	F+��#S?){�?	F+"M[`SD @"�� A
R+\Y+
�������AMR){�?	F+
D�+Ad����	F+ RTCP compound packet `$]�D�
�){�?�
� ��QR�){�?�
�`SD�
� RTCP 
compound packet AMR	F+��#S?){�?	F+�� �M RTCP SDES AMR]ED� �L

�
"G�+){�?	F+�?CFH�?]" ){�?
�
�@ Ad������h��F� SSRC ��  CNAME AMR�?CFH�?]" RTCP SDES ���`�D �� @ ?���
� RTP 
packet AMR	F+��#S?){�?	F+"M[A
"AM �� ��"���S
+��F���$b"�	�Q�"���?Q"?
"����EQR��
F�� ��F�+
){�?�
��� ){�?	F+�F�"���R�Ad����G"	F+GD��C��
"@��+q "
R"��+ ]"EF�+"M[A
[+){�?�
��� ){�?	F+
	����\G"	F+GD��C� RTP packet \Y+�
"`SD ���A
[+@ �M���	F+ RTCP compound packet ���`$
�$b"EF�+q ($�
�$� ��� 5 ��"�AM 
F� 1 packet) aYR+A
[+){�?�
��� ){�?	F+@ ]ED�F�AMR�?CFH�?]" RTCP 
compound packet AMR
"��+`SD�
�`$]ED]"���$�
�$�L+�L�H�����G"	F+GD��C�� ��F�+�
" �� ��QR�
){�?	F+Ad����	F+GD��C�]�D�
�){�?�
���M?��D�?��D� �� 
D�+������@�� session ){�?�
�@ Ad����
	�D�+ RTCP BYE ��D�	F+���`$]�D�
�){�?�
� ��QR�){�?�
�`SD�
� RTCP BYE @��){�?	F+ ){�?�
�@ 
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?
+�+�
�GD��C�AMR	F+��#S?){�?	F+"
["q �M���CF�"YR+ �F�"@ Ad������ SSRC ��  CNAME ���`$
�� @ `�F?���
� RTP packet AMR	F+��#S?){�?	F+"
["q �M���? �� ��"S
+��F���$b"�	�Q�"���
?Q"?
"]�D?���������EQR��
F�� ��F�+){�?�
��� ){�?	F+"
R"��+ (Perkins, 2003) 
 

���=8�E
%������
� RTP ��� RTCP �PI:PCGL%��C��$77f"�� 

 
�"QR�+@��#$�#
��� RTP ��  RTCP `�F`SD�$b"#$�#
�����
�AMR]ED]"���G"	F+GD��C�

�"���Q�GF�? IP ���Q�"�
�#$�#
��� TCP, UDP ��  IP �
F�$b"#$�#
���AMR�GD����	���]�D���
G"	F+GD��C���� real-time �"���Q�GF�? IP �$b"`$�?F�+�M$� 	�AP�H�����?�R+GY[" S
+"
["
� ��$e��

����	F�"]�NF@Y+`�F`SD@
S�
�M?�#$�#
���A
[+	�+���`�D]�D]ED+�" ]"���MAMR
D�+���
]ED+�"#$�#
��� RTP ��  RTCP BCD]ED+�"@d��$b"
D�+���
?��������E
R"	d���h@�C$��Q� library 
G�+#$�#
��� RTP ��  RTCP AMR�MBCD�
!"����`�D ��
�S

[+�"� ��$e��

�����M�AM�"YR+ #S?
H�?]" library @ �M API AMR��MR?�GD�+�
����Ad�+�"G�+#$�#
��� RTP ��  RTCP ]�DBCD]ED+�"
	����\"d�`$]ED]"����
!"��$b"��������E
R"	d���
�G"	F+GD��C���� real-time �"���Q�GF�? IP 
`SD
F�`$  
 

API G�+#$�#
��� RTP ��  RTCP AMR�M]ED+�"�?CF]"$*@@L�
"	F�"]�NFAd�+�"�?CF�" 
user-mode G�+� ��$e��

���� 	F+B�]�D API AMRAd��"D�AMR��MR?��
����G"	F+ RTP ��  RTCP 
packet ���`$?
+���Q�GF�? IP @d��$b"
D�+Ad����	�D�+��"�A����~	G�+ socket ��QR�]ED�	�Q�"�$b"
A�+BF�"G�+GD��C� (RTP ��  RTCP packet) 
F��EQR���GD��
�#$�#
��� UDP ��  IP aYR+�$b"��LF�
#$�#
�����
�c�"AMR� ��$e��

�����$b"BCD@
S�
�M?����`�D]�D	d���
����G"	F+GD��C��"
���Q�GF�? IP �
�T� ���Ad�+�"G�+ API �" user-mode G�+� ��$e��

���� �	S+S
+�C$AMR 3 
(Stevens, Fenner and Rudoff, 2004) 
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F���PI 3  �	S+���Ad�+�"G�+ API G�+#$�#
��� RTP ��  RTCP �" user-mode  
                           G�+� ��$e��

���� 
 

 Library G�+#$�#
��� RTP ��  RTCP AMR"�?�"d���]ED+�"`SD��F RTPLib, Common 
Library G�+ UCL, ccRTP, jrtplib, ortp, ��  RTP library G�+ Vovida aYR+ API AMR�?CFH�?]" library 
���F�"M[Ad�+�"�?CF�" user-mode G�+� ��$e��

����A
[+��S�� `SD�
�����
!"�GY["��@��H�T� C 
��Q� C++ ��QR����Ad�+�"AMR��S��h� #S?���@ "d���� API H�?]" library ���F�"M[`$]ED+�"`SD"
[" 
BCD]ED+�"@d��$b"
D�+
�S

[+ library AMR
D�+����+�"� ��$e��

�����F�" @Y+	����\]ED API H�?]" 
library S
+��F��`$�
!"��$b"��������E
R"AMR
�+
������
D�+���
F�`$ 

 
 Library G�+#$�#
��� RTP ��  RTCP AMR�M]�D]ED+�"�?CF]"$*@@L�
"	F�"]�NF`SD�
����
�
!"�GY["����QR�Ad�+�"�
�� ��$e��

���� Linux �"���QR�+ PC �$b"��
� Ad�]�D���"d� library 
���F�"M[��]ED+�"�"� ���������
������)*+

��F�"GD�+?LF+?����	���� �"QR�+@��BCD]ED
@d��$b"
D�+�GM?" Makefile GY["��]��F��QR�]�D��M?�]ED���QR�+�Q� (cross-tool) ���\Y+ library (uClibc, 
library �	����QR"q) ]�D\C�
D�+	d���
�������`����� 
�S

[+ library G�+#$�#
��� RTP ��  
RTCP ]�D	����\]ED+�"�"� ��$e��

���� µClinux (Mecklenburg, 2004) "��@��"M[ library 
G�+#$�#
��� RTP ��  RTCP ��+

���@@ `�F	����\"d���]ED+�"�F���
�� ��$e��

���� 
µClinux `SD �"QR�+@��H�?]" library S
+��F����@@ �M API ��+

�AMR
D�+Ad�+�"�
� MMU ��Q�
��@@ �M�����M?�]ED API ��+�?F�+aYR+ uClibc ���A
[+� ��$e��

���� µClinux `�F`SD@
S�
�M?�
���`�D]�D aYR+	F+B�]�D��������E
R"AMR�
!"�GY["��@�� API ���F�"M[`�F	����\Ad�+�"�"
� ��$e��

���� µClinux `SD 	�R+
F�+q ���F�"M[�$b"H�� 
F�BCDAMR
D�+���]ED+�" library G�+

Application + Media codecs 

API of RTP/RTCP 

Socket 

UDP 

IP 

Datalink 

Physical 

Application + Media codecs ��� API  !" 

RTP/RTCP #$%"%&'& user-mode 

,�-./ !"012034!�#562�''178'938,%2 µClinux 

<9=>325?/@ABCDB#$%"%&'& kernel-mode 
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#$�#
��� RTP ��  RTCP �"� ��$e��

���� µClinux ��	���� #S?BCD]ED@d��$b"
D�+Ad����

��@	��, AS��+, �� ��D`G��+	F�"H�?]" library �F�"AMR@ "d� library S
+��F��`$]ED+�"�"
� ��$e��

���� µClinux `SD
F�`$ 
 

 




f���8	������P��� 
 


f���8	 

 

j��	N���	 
 

1.  ���QR�+�������
��� 2 ELS	d���
�
F��
� NBC board  
      -  Pentium 4 1.2 GHz  
      -  �"F�?����@d�G"�S 256 MB  
      -  Serial port (RS-232) 
      -  ��"�A����~	�"h
������	d���
�
F� LAN 
2.  ���QR�+�������
���AMR]ED]"����
!"���������E
R"	d���
����AS��+A
[+��S ���\Y+]ED

]"������`�����  build image G�+� ��$e��

���� µClinux 	d���
� NBC board 
      -  Pentium 4 1.7 GHz  
      -  �"F�?����@d�G"�S 768 MB  
      -  ��"�A����~	�"h
������	d���
�
F� LAN 
3.  NBC Board 2 ELS  
      -  microcontroller Samsung S3C4530A �"F�?$� ���B�������h� 25 MHz 
      -  ��"�
����~	 Ethernet 10/100 mbps 
      -  Serial port (RS-232) 
4.  	�? RS-232 2 	�? 
5.  ��D��$�+	d���
� NBC board 2 ELS 

 
k
l�	���	 

 
1.  � ��$e��

���� Windows XP 	d���
�����S����]"GD� 1 ��  2 
2.  � ��$e��

���� Linux Redhat 9 	d���
�����S����]"GD� 2 
3.  � ��$e��

���� µClinux 	d���
� NBC board 
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4. #$����� Hyperterminal 	d���
�]�DBCD]ED+�"	����\	QR�	���
� NBC board BF�"A�+
���QR�+�������
���`SD 

5.  library G�+#$�#
��� RTP ��  RTCP AMR API H�?]"Ad�+�"�?CF�" user-mode G�+
� ��$e��

���� 
 

���P��� 

 
+�"��@
?E�[""M[�$b"����
!"� system call ��
�q G�+#$�#
��� RTP ��  RTCP GY["��

Ad�+�"�" kernel-mode G�+� ��$e��

���� µClinux ��QR�]�DBCD]ED+�"	����\"d���� system call 
���F�"M[`$�
!"��$b"��������E
R"��Q�#$�#
���� S
�	C+
F�+q AMR��MR?�GD�+�
����G"	F+GD��C�
$� �HA real-time �"���Q�GF�? IP 	d���
�]ED+�"�"� ��$e��

���� µClinux #S?�s��  aYR+���
�
!"� system call S
+��F��@ ���
?�
�����AY��� ��
����Ad�+�"@�� API 
F�+q H�?]" library 
G�+#$�#
��� RTP ��  RTCP AMRAd�+�"�?CF�" user-mode G�+� ��$e��

�������$b"
D"��� 
#S? library G�+#$�#
��� RTP ��  RTCP AMR@ "d���]ED�$b"
D"���`SD"
[" API A
[+��SH�?]" 
library S
+��F��
D�+	����\"d�`$]ED�
!"���������E
R"	d���
�Ad�+�"�?CF�"� ��$e��

���� 
µClinux `SD�?F�+\C�
D�+�AF�"
[" AMR
D�+��Q�� library ]"�
�T� "M[��]ED�$b"
D"��� �"QR�+@�� API 
A
[+��SH�?]" library S
+��F��@ �M�����M?�]ED�s��  API �QR"q AMR uClibc �� � ��$e��

���� 
µClinux `SD@
S�
�M?����`�D]�D�AF�"
[" aYR+ API ���F�"M[ (API AMR uClibc �� � ��$e��

���� µClinux 
`SD@
S�
�M?����`�D) �M�Q["c�"���Ad�+�"��@�������M?�]ED system call 
F�+q H�?]" kernel G�+
� ��$e��

���� µClinux �M�
F��"YR+"
R"��+ SD�?��
L"M[\D� library ]SAMR API H�?]"A
[+��S	����\
"d�`$�
!"��$b"��������E
R"AMR]ED+�"�?CF�"� ��$e��

���� µClinux `SD�?F�+\C�
D�+ �h�	S+�F�
H�?]" kernel G�+� ��$e��

���� µClinux `SD@
S�
�M?� system call AMR@d��$b"	d���
����Ad�+�"
G�+ API A
[+��SH�?]" library "
["q �?F�+���\D�" S
+"
["@Y+	����\$�
��$�MR?" API A
[+��S
H�?]" library S
+��F��]�D���?�$b" system call AMRAd�+�"�?CF�" kernel-mode G�+� ��$e��

����
`SD #S?�$�MR?"@�������M?�]ED API 
F�+q `$�$b"��M?�]ED system call AMR API ���F�"
["��M?�]ED+�"
�A" aYR+@����PM"M[@ Ad�]�D`SD system call G�+#$�#
��� RTP ��  RTCP AMR�M���Ad�+�"���Q�"�
� 
API 
D"�����Q��AL�$� ��� �� 	����\"d�`$]ED]"����
!"���������E
R"	d���
�Ad�+�"�?CF
�"� ��$e��

���� µClinux `SD
F�`$ 
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����
!"����Ad�+�"G�+#$�#
��� RTP ��  RTCP ]�D�?CF]"�C$���G�+ system call "M[
@ EF�?]�D���Ad�+�"G�+#$�#
��� RTP ��  RTCP 	����\Ad�+�"�"� ��$e��

���� µClinux 
`SD��S��h��� �M$� 	�AP�H�����?�R+GY[" ��QR��$�M?��AM?��
� API AMR"d���]ED�$b"
D"���aYR+Ad�+�"
�?CF�" user-mode G�+� ��$e��

���� �"QR�+@�� system call Ad�+�"�?CF�" kernel-mode G�+
� ��$e��

����@Y+	����\�GD�\Y+A�
�?���
F�+q `SD�?F�+��S��h� "��@��"M[����
!"����Ad�+�"
G�+#$�#
��� RTP ��  RTCP ]�D�?CF]"�C$���G�+ system call ?
+EF�?]�DBCDAMR
D�+����
!"�
��������E
R"��Q�#$�#
���� S
�	C+
F�+q AMR��MR?�GD�+�
�����
�	F+GD��C�$� �HA real-time �"
���Q�GF�? IP 	d���
�Ad�+�"�"� ��$e��

���� µClinux `SD�
�����	 S�����?�R+GY[" �"QR�+@��
	����\�d��"S]�D
�S

[+ module G�+ system call 	d���
�#$�#
��� RTP ��  RTCP �+`$�" 
kernel G�+� ��$e��

���� µClinux `SD

[+�
FG
["
�"������`�����  build image G�+
� ��$e��

���� µClinux GY["�� 	F+B�]�D image G�+� ��$e��

���� µClinux AMR���`�����  
build �������M?��D�?��D� @ �M system call G�+#$�#
��� RTP ��  RTCP �?CFH�?]"]�D	����\
��M?�]ED+�"`SDA
"AM #S?AMRBCD]ED+�"`�F@d��$b"
D�+
�S

[+ library �QR"]S�+`$�" user-mode G�+
� ��$e��

���� µClinux ���R��
��  �
�T� ���Ad�+�"G�+ system call G�+#$�#
��� RTP ��  
RTCP AMR@ �
!"�GY["��]ED+�"�$b"S
+�C$AMR 4 

 

 
 

F���PI 4  �	S+�
�T� ���Ad�+�"G�+ system call G�+#$�#
��� RTP ��  RTCP AMR�
!"�GY[" 
 
 

Call 

System call of RTP/RTCP 

UDP 

IP 

Datalink 

Physical 

Application ��� Media codecs #$%"%&'& user-mode 

,�-./ !"012034!�#562�''178'938,%2 µClinux 

 <9=>325?/@ABCDB#$%"%&'& kernel-mode 

 

Application + Media codecs 
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@���C$AMR 4 ���F�� ��$e��

���� µClinux @ �$b"BCD@
S�
�M?�~*+��E
R"���Ad�+�"
F�+q G�+
#$�#
��� RTP ��  RTCP ]"�
�T� G�+ system call AMRAd�+�"�?CF�" kernel-mode G�+
� ��$e��

���� BCD]ED+�"AMR
D�+����
!"���������E
R"��Q�#$�#
���� S
�	C+
F�+q AMR��MR?�GD�+
�
�����
�	F+GD��C�$� �HA real-time �"���Q�GF�? IP 	d���
�Ad�+�"�"� ��$e��

���� µClinux 
	����\�
!"�#S?��M?�]ED system call ���F�"M[`SDA
"AM 
 
E�n��
�C��������� system call "� kernel-mode E
%��""�h�"������ µClinux  
 

1) ��Q�� library G�+#$�#
��� RTP ��  RTCP ��QR�]ED�$b"
D"���]"����
!"��$b" 
system call 
 
 @��AMR��F��`�D�F�"�"D�"M[�F�����
!"� system call G�+#$�#
��� RTP ��  RTCP AMR
Ad�+�"�?CF�" kernel-mode G�+� ��$e��

���� µClinux ]"+�"��@
?E�[""M[ @ ���
?�
�����AY��� 
��
����Ad�+�"@�� API 
F�+q H�?]" library G�+#$�#
��� RTP ��  RTCP AMRAd�+�"�?CF�" 
user-mode G�+� ��$e��

�������$b"
D"��� #S?�d��"S�F� library AMR@ "d���]ED�$b"
D"���`SD
"
[" API A
[+��SH�?]" library S
+��F��
D�+	����\"d�`$�
!"���������E
R"	d���
�Ad�+�"�"
� ��$e��

���� µClinux `SD�?F�+\C�
D�+�AF�"
[" S
+"
["G
["
�"���]"������R��
!"� system call AMR

D�+����h�Q��� library G�+#$�#
��� RTP ��  RTCP aYR+�M�
�T� 
�+
���+QR�"`GAMR�d��"S
	d���
�"d���]ED�$b"
D"��� 
 

�"QR�+@��]"$*@@L�
"?
+`�F�M����
!"� library G�+#$�#
��� RTP ��  RTCP GY["��
Ad�+�"�
�� ��$e��

���� µClinux #S?�s��  @Y+@d��$b"
D�+���
? library G�+#$�#
��� RTP 
��  RTCP AMR�M]ED+�"�"� ��$e��

���� Linux 	d���
����QR�+ PC �� "F�@ 	����\"d�`$]ED+�"
�"� ��$e��

���� µClinux `SD��]ED�$b"
D"���]"����
!"��$b" system call AMR
D�+����A" 
��QR�
��@	�� library G�+#$�#
��� RTP ��  RTCP AMR�M]ED+�"�?CF�"� ��$e��

���� Linux 
�"���QR�+ PC ]"$*@@L�
"���F��MBCD�
!"����`�D�����?���?��� aYR+ library S
+��F���
F� ����h
@ �MGD�SMGD��	M?�
�
F�+�
"���`$ ��
+@����@�����
�T� �� �"D�AMR���Ad�+�"G�+ API 
A
[+��SAMR�?CFH�?]"�
F�  library ��D�@Y+`SD��Q����� Common library G�+ UCL ��]ED�$b"
D"��� 
�"QR�+@�� API A
[+��SAMR�?CFH�?]" library "M[�
!"�GY["��@��H�T� C Ad�]�D���� 
F����]ED+�"�"
� ��$e��

���� µClinux �����F� library AMR API H�?]"�
!"�GY["��@��H�T� C++ �"QR�+@��
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���QR�+�Q���  library ��
�
F�+q 	d���
�H�T� C (uClibc, �� ��LF�G�+ library �	���AMR
� ��$e��

���� µClinux @
S�
�M?����`�D]�D) AMR]ED]"����
!"���������E
R"	d���
�Ad�+�"�"
� ��$e��

���� µClinux �M����	��C��������F�H�T� C++ AMR?
+�+�?CF]"G
["
�"G�+����
!"�
]�D�M����	��C������GY[" ($�AMRAd������@
? : 2549) Ad�]�D library AMR API A
[+��S�
!"�GY["��@��
H�T� C 	����\]ED���QR�+�Q���  library 
F�+q H�?]"� ��$e��

���� µClinux ���`����� 

�S

[+]ED+�"�"� ��$e��

���� µClinux `SD�?F�+\C�
D�+���\D�" �M�A
[+��QR��
!"���������E
R"
GY["��@�� API H�?]" library S
+��F����D��h	����\]ED���QR�+�Q���  library 
F�+q H�?]"
� ��$e��

���� µClinux ���`�����  build GY["��]ED+�"�"� ��$e��

���� µClinux `SD�?F�+
\C�
D�+�� 	��C�����F� library AMR API H�?]"A
[+��S�
!"�GY["��@��H�T� C++ "��@��"M[��QR�

��@	�����Ad�+�"G�+ API A
[+��SH�?]" common library G�+ UCL ���F� H�?]" library 
S
+��F���M API AMR]ED]"���Ad�+�"A
[+��SAL�SD�"G�+#$�#
��� RTP ��  RTCP �?F�+���\D�" 
��  API 
F�+q S
+��F��`SD�
�����
!"�GY["��]�D�$b"`$
����
�c�"���Ad�+�"G�+#$�#
��� 
RTP ��  RTCP A
[+��S 
 

2) AS	�����Ad�+�"G�+ API 
F�+q H�?]" Common library G�+ UCL �"
� ��$e��

���� µClinux 
 
 ��
+@��`SD��Q�� Common library G�+ UCL 	d���
�"d���]ED�$b"
D"���]"����
!"� 
system call G�+#$�#
��� RTP ��  RTCP �"� ��$e��

���� µClinux ��D� G
["
�"
F����Q�

D�+AS	���F� API 
F�+q H�?]" library S
+��F��	����\"d���]ED]"����
!"���������E
R"
	d���
�Ad�+�"�"� ��$e��

���� µClinux `SD��Q�`�F�F�"AMR@ "d���� API ���F�"
["���
!"��$b" 
system call �"� ��$e��

���� µClinux 
F�`$ #S?���AS	��@ ���R�@��Ad�������`��� API 
A
[+��SH�?]" Common library G�+ UCL SD�?���QR�+�Q���  library 
F�+q AMR� ��$e��

���� 
µClinux @
S�
�M?�`�D]�D�F�	����\���`���`SD�?F�+\C�
D�+��Q�`�F aYR+��QR�AS��+���`�����D�
���F�	����\���`��� API A
[+��SH�?]" library S
+��F��`SD	d���h@  
 

G
["
�"
F���@Y+"d���� API AMR���`���`�D��D����F�"M[��]ED]"����
!"���������E
R"
	d���
��
�-	F+�� $� ���B� RTP ��  RTCP packet GY["��Ad�+�"�"� ��$e��

���� µClinux 
��QR�]EDAS	�����Ad�+�"G�+ API 
F�+q S
+��F���F�	����\Ad�+�"�?CF�" user-mode G�+
� ��$e��

���� µClinux `SD�?F�+\C�
D�+	��C�����Q�`�F #S?��QR��
!"���������E
R"S
+��F��
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GY["����M?��D�?��D�@Y+`SD"d���������E
R""
["�����`�����  build SD�?���QR�+�Q���  library ��
�

F�+q H�?]"� ��$e��

���� µClinux aYR+���F�	����\���`�����  build ��������E
R"S
+��F��
`SD�?F�+\C�
D�+ #S?]"G
["
�""M[@ �M��� link ��������E
R"�GD��
� API 
F�+q H�?]" Common 
library G�+ UCL AMR��������E
R"S
+��F����M?�]ED+�" ��  API ���F�"
["@ `$ link ����
� API 
�QR"q AMR�M�����M?�]ED��QR�Ad�+�"G
["�Q["c�"
F�+q H�?]" API "
["q �EF" ���	�D�+ socket, ���@�+
�Q["AMR�"F�?����@d� �$b"
D" aYR+ API 	d���
����Ad�+�"G
["�Q["c�"���F�"M[@ �?CFH�?]" library ��
�
AMR� ��$e��

���� µClinux @
S�
�M?�`�D]�D (uClibc ��  library �	����QR"q) #S?\D�	����\
���`�����  build ��������E
R"AMR�
!"�GY["��@�� API 
F�+q H�?]" library S
+��F�� (Common 
library G�+ UCL) SD�?���QR�+�Q���  library ��
�
F�+q AMR� ��$e��

���� µClinux @
S�
�M?�`�D]�D
`SD	d���h@#S?`�F�MGD�B�S���S]Sq ���SGY["�h�	S+�F� library 
F�+q AMR� ��$e��

���� µClinux 
@
S�
�M?�`�D]�DA
[+ uClibc ��  library �	����QR"q �M API AMR��+�
������M?�]ED+�"@�� API A
[+��S
H�?]" Common library G�+ UCL �?F�+���\D�" aYR+@ 	F+B�]�D	����\"d���� API 
F�+q A
[+��S
H�?]" Common library G�+ UCL ��]ED]"����
!"���������E
R"	d���
�Ad�+�"�?CF�" user-
mode G�+� ��$e��

���� µClinux `SD (Yaghmour, 2003) 
 

��
+@��Ad�������`�����  build ��������E
R"	d���
��
�-	F+�� $� ���B� RTP ��  
RTCP packet AMR�
!"�GY["��@�� API H�?]" Common library G�+ UCL SD�?���QR�+�Q���  library 
��
�
F�+q aYR+� ��$e��

���� µClinux @
S�
�M?�`�D]�D `SD	d���h@��D� G
["
�"
F�`$�Q�
D�+"d����
��������E
R"���F�"
["��AS��+Ad�+�"@��+�"� ��$e��

���� µClinux ��QR�
��@	�����Ad�+�"
G�+��������E
R"S
+��F���F�	����\Ad�+�"�"� ��$e��

���� µClinux `SD�?F�+\C�
D�+��Q�`�F 
�"QR�+@�� API A
[+��SH�?]" Common library G�+ UCL `SD�
������������ �
!"�GY["��]�D
Ad�+�"�
�� ��$e��

���� Linux aYR+ API H�?]" library S
+��F��@ �M�����M?�]ED  API �QR"q 
H�?]" library ��
�AMR� ��$e��

���� Linux @
S�
�M?�`�D]�D	d���
����Ad�+�"G
["�Q["c�"H�?]" 
API "
["q S
+"
["B����Ad�+�"G�+ API A
[+��SH�?]" Common library G�+ UCL @Y+?YS
��B�
���Ad�+�"G�+ API 	d���
����Ad�+�"G
["�Q["c�"AMR� ��$e��

���� Linux @
S�
�M?�`�D]�D�$b"
��
� SD�?��
L"M[\Y+��D�F�� ��$e��

���� µClinux @ @
S�
�M?� API 	d���
����Ad�+�"G
["�Q["c�"
���`�DH�?]" library 
F�+q (uClibc ��  library �	����QR"q) ��QR�]�D API A
[+��S]" Common 
library G�+ UCL `SD��M?�]ED+�"�?F�+���\D�"��D��h
�� �
F\D��M API 	d���
����Ad�+�"G
["�Q["c�"
��+

�G�+� ��$e��

���� µClinux �M�
�T� ���Ad�+�"�� B��
�P�AMR`SD�
�
F�+@�� API 

�
�SM?��
"aYR+Ad�+�"�?CF�"� ��$e��

���� Linux ��  API S
+��F��`SD�
������M?�]ED+�"#S? API 
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�]S

��"YR+H�?]" Common library G�+ UCL �h@ 	F+B�]�D API "
["q H�?]" Common library 
G�+ UCL `�F	����\Ad�+�"`SD�?F�+\C�
D�+�"� ��$e��

���� µClinux �� @ Ad�]�D
��������E
R"AMR��M?�]ED+�" API S
+��F���M���Ad�+�"AMRB�S���S���SGY["��QR�"d�`$]ED+�"�"
� ��$e��

���� µClinux �M�SD�? S
+"
["@Y+
D�+Ad����
��@	��B����Ad�+�"G�+��������E
R"AMR
�
!"�GY["@�� API 
F�+q H�?]" Common library G�+ UCL �"� ��$e��

���� µClinux �F�
	����\Ad�+�"`SD�?F�+\C�
D�+�� `SDB��
�P�]"���Ad�+�"���Q�"�
�B����Ad�+�"G�+
��������E
R"����SM?��
""M[AMRAd�+�"�?CF�"� ��$e��

���� Linux ��Q�`�F #S?��QR�"d�
��������E
R"S
+��F��`$AS��+]ED+�"@��+�
�� ��$e��

���� µClinux H�?]" NBC board @ 
���F���������E
R"S
+��F��	����\Ad�+�"`SD�?F�+\C�
D�+#S?`�F�MGD�B�S���S]Sq ���SGY[" �� 
��QR�"d�B��
�P����Ad�+�"G�+��������E
R"S
+��F��`$�$�M?��AM?��
�B����Ad�+�"G�+
��������E
R"�SM?��
""M[AMRAd�+�"�?CF�"� ��$e��

���� Linux H�?]"���QR�+ PC @ ���F�`SDB��
�P�
G�+���Ad�+�"���Q�"�
"AL�$� ��� @Y+�	S+]�D��h"�F� API A
[+��SAMR�?CFH�?]" Common library 
G�+ UCL 	����\Ad�+�"�" user-mode G�+� ��$e��

���� µClinux `SD�?F�+\C�
D�+ 
 

3) �
!"� system call G�+#$�#
��� RTP ��  RTCP #S?���
?��
����Ad�+�"@�� API 
A
[+��SH�?]" Common library G�+ UCL 
 
 ��
+@��
��@	����D��F� API A
[+��SH�?]" Common library G�+ UCL 	����\Ad�+�"
�?CF�" user-mode G�+� ��$e��

���� µClinux `SD�?F�+\C�
D�+ @Y+`SD"d���� API ���F�"
["��]ED
�$b"
D"���]"����
!"� system call G�+#$�#
��� RTP ��  RTCP AMRAd�+�"�?CF�" kernel-
mode G�+� ��$e��

���� µClinux 
F�`$ 
 
 ��PM����
!"� system call G�+#$�#
��� RTP ��  RTCP ]"+�"��@
?E�[""M[@ ���
?
��
����Ad�+�"@�� API AMR	����\Ad�+�"�?CF�" user-mode G�+� ��$e��

���� µClinux `SD�?F�+
\C�
D�+���$b"
D"��� aYR+]"AMR"M[`SD��Q��]ED API 
F�+q @�� Common library G�+ UCL 
��AMR`SD
��F��`$�F�"�"D�"M[ #S?���AMR API AMR��Q����]ED�$b"
D"���	����\Ad�+�"�?CF�" user-mode G�+
� ��$e��

���� µClinux `SD�?F�+\C�
D�+"
[" �h�	S+�F� API 	d���
����Ad�+�"G
["�Q["c�"
F�+q AMR 
API 
D"����M�����M?�]ED+�"@�� library aYR+� ��$e��

���� µClinux `SD@
S�
�M?�`�D]�D	����\
Ad�+�"`SD�?F�+\C�
D�+�� ]�DB��
�P�
��AMR API 
D"������F�"
["
D�+��� #S?���Ad�+�"G�+ API 
	d���
�+�"G
["�Q["c�"S
+��F���" user-mode G�+� ��$e��

�����h@ ��@�������M?�]ED system 
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call 
F�+q @�� kernel-mode G�+� ��$e��

�����M�
F��"YR+"
R"��+ S
+"
["���$�
��$�MR?"@�� API 

D"���AMRAd�+�"�?CF�" user-mode G�+� ��$e��

����]�D���?���$b" system call AMRAd�+�"�?CF�" 
kernel-mode G�+� ��$e��

����@Y+	����\Ad�`SD#S?�$�MR?"@�������M?�]ED API 	d���
����
Ad�+�"G
["�Q["c�"
F�+q H�?]" API 
D"���]�D���?�$b" system call AMR API 	d���
����Ad�+�"G
["
�Q["c�"���F�"
["��M?�]ED+�"#S?
�+ �� @ 
D�+�$�MR?"�����M?�]ED`~�� header G�+ API 
D"���
@�������M?�]ED`~�� header AMR�?CF�" user-mode G�+� ��$e��

����`$�$b"`~�� header AMR�?CF�" 
kernel-mode G�+� ��$e��

�����A" ��QR�]�D	����\���`����� 
�S

[+ system call AMR�
!"�GY["
��@�� API 
D"���S
+��F���+`$]ED+�"�" kernel G�+� ��$e��

���� µClinux `SD�?F�+\C�
D�+

F�`$ #S?��QR�Ad�
��G
["
�"���F�"M[��D�@ Ad�]�D`SD system call AMR�M�
�T� ���Ad�+�".]��D��M?+
�
� API AMR"d���]ED�$b"
D"�����Q��AL�$� ��� 
 
 ��
+@��AMR�
!"� system call 	d���
�#$�#
��� RTP ��  RTCP ��M?��D�?��D� �F�"@ 
"d� system call S
+��F��`$
�S

[+�� ]ED+�"�" kernel G�+� ��$e��

���� µClinux `SD"
[" @ 
D�+
�M�����D`G�+��$� �����+�?F�+H�?]" kernel G�+� ��$e��

���� µClinux ���R��
�� ��QR�]�D 
kernel G�+� ��$e��

���� µClinux 	����\Ad�+�"��+�
��
� system call ]��F"M[`SD�?F�+\C�
D�+ 
 

4) AS	�����Ad�+�"G�+ system call 
F�+q �" kernel-mode G�+� ��$e��

���� 
µClinux 
 
 ��QR�Ad�����
!"��� 
�S

[+ system call G�+#$�#
��� RTP ��  RTCP �+`$]ED+�"�" 
kernel G�+� ��$e��

���� µClinux ��M?��D�?��D��h@ 
D�+Ad����AS	�����Ad�+�"G�+ system 
call A
[+��SAMR�
!"�GY["���F�	����\Ad�+�"`SD�?F�+\C�
D�+�� ]�DB��
�P�]"���Ad�+�"���Q�"�
�
���Ad�+�"G�+ API AMR]ED�$b"
D"���aYR+Ad�+�"�?CF�" user-mode G�+� ��$e��

���� µClinux 
��Q�`�F @Y+`SDAd�����
!"���������E
R"	d���
��
�-	F+�� $� ���B� RTP ��  RTCP packet 
GY["��@�� system call S
+��F�� (	����\
��@	����?EQR� �"D�AMR �� ��PM���]ED+�"G�+ system call 
S
+��F��`SD@��H��B"�� G) #S?]�D�M�
�T� ���Ad�+�"���Q�"�
���������E
R"AMR�
!"�GY["��@�� 
API 
D"���]"G
["
�"AMR 2 AL�$� ��� ��
+@��"
["@Y+"d������������E
R"S
+��F��`$
�S

[+�� 
AS��+Ad�+�"@��+�
�� ��$e��

���� µClinux H�?]" NBC board aYR+@ ���F���������E
R"
S
+��F��	����\Ad�+�"`SD�?F�+\C�
D�+#S?`�F�MGD�B�S���S]Sq ���SGY[" �� ��QR�"d�B��
�P�AMR`SD@��
���Ad�+�"G�+��������E
R"S
+��F��`$�$�M?��AM?��
�B����Ad�+�"G�+��������E
R"���
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�SM?��
"AMR�
!"�GY["��@�� API 
D"���aYR+Ad�+�"�?CF�" user-mode G�+� ��$e��

���� µClinux 
(@��G
["
�"AMR 2) @ ���F�B����Ad�+�"G�+��������E
R"A
[+ 2 ��� (A
[+���AMR�
!"�GY["��@�� 
system call �� ���AMR�
!"�GY["��@�� API 
D"���) �M�
�T� ���Q�"�
"AL�$� ��� @Y+�	S+]�D
��h"�F� system call G�+#$�#
��� RTP ��  RTCP AMR�
!"�GY["��"M[	����\Ad�+�"�?CF�" kernel 
G�+� ��$e��

���� µClinux `SD�$b"�?F�+SM�� �M�
�T� ���Ad�+�"]��D��M?+�
� API 
D"���
��Q��AL�$� ��� 
 
 
 



J������7��8	 
 

>F����N�L
:C�����N�
% 

 
 ����
S$� 	�AP�H�����Ad�+�"G�+ system call �$�M?��AM?��
� API 
D"���@�� 
Common Library G�+ UCL aYR+Ad�+�"�?CF�" user-mode G�+� ��$e��

����	����\Ad�`SD#S?
�
!"���������E
R"	d���
��
�-	F+�� $� ���B� RTP ��  RTCP packet GY["�� 3 ELS ELSAMR 1 
�
!"�GY["��@�� system call, ELSAMR	�+�
!"�GY["��@�� API H�?]" Common library G�+ UCL 
#S?��������E
R"A
[+	�+ELS"M[@ "d�`$AS��+�
�� ��$e��

���� µClinux �" NBC board, �� 
ELSAMR 3 @ �
!"�GY["��@�� API H�?]" Common library G�+ UCL �EF"�SM?��
���������E
R"]"ELS
AMR 2 �
F��������E
R"]"ELSAMR 3 "M[@ "d�`$]ED+�"�
�� ��$e��

���� Linux �"���QR�+ PC ��QR�]ED
AS	���F�A�
�?���AMR�
�
F�+�
"G�+ NBC board �� ���QR�+ PC �MB�
F����Ad�+�"G�+ API 

F�+q ��Q�`�F aYR+��������E
R"A
[+ 3 ELS"M[@ 
D�+�M�
�T� ���Ad�+�"���Q�"�
"AL�$� ��� #S?
�C$������Ad�+�"G�+��������E
R"A
[+ 3 ELS�$b"S
+�C$AMR  5, 6, ��  7 
���d�S
� 
 

 
 

F���PI 5  �	S+���Ad�+�"G�+��������E
R"]"���AS��+ELSAMR 1 
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F���PI 6  �	S+���Ad�+�"G�+��������E
R"]"���AS��+ELSAMR 2 
 

 
 

F���PI 7  �	S+���Ad�+�"G�+��������E
R"]"���AS��+ELSAMR 3 
 

 	d���
�����
�	F+GD��C�$� �HA real-time �"���Q�GF�? IP SD�?#$�#
��� RTP ��  
RTCP "
[" GD��C�AMR@ ���@L�+]" RTP packet @ 
D�+`SD�
����Ad� encode SD�? codec ���]S���
�"YR+�F�"�	�� aYR+]"$*@@L�
"�M��
�c�"G�+ codec 	d���
�GD��C�$� �HA�	M?+]�D��Q��]ED+�"
���?��� #S?�
F� ����h@ �M�

����h�]"���G"	F+GD��C��
�
F�+�
"���`$ S
+]"
���+AMR 1 
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����%�PI 1  �	S+�
�T� G�+ codec ���
F�+q AMR�M]ED+�"�?CF]"$*@@L�
" A
[+�

����h�, G"�SG�+ 
payload, � ? �F�+]"���	F+�
F�  payload, �� � ? �F�+]"���	F+�
F�  payload AMR
#$����� Cisco CallManager Ad�+�"��+�
� (Cisco Systems, Inc, 2006) 

 
Codec �

����h� 

(Kbps) 
�F� default 

	d���
�G"�S
G�+ payload  
(Bytes) 

�F� default 
	d���
�

� ? �F�+]"
���	F+�
F�  
payload (ms) 

�F�� ? �F�+]"���	F+�
F�  
payload AMR#$����� Cisco 
CallManager Ad�+�"��+�
� 

(ms) 

G.711 64 160 20 10, 20, 30 
G.726 32 80 20 - 
G.728 16 60 30 - 
G.729 8 20 20 10, 20, 30, 40, 50, 60 
G.723.1 6.3 24 30 30, 60 

 
����	
��
"P�� ��F�+�
F� �F�]"
���+�$b"S
+	C
�
F�`$"M[ 
 

�

����h� = (G"�SG�+ payload x 8) / � ? �F�+]"���	F+�
F�  payload 
 
\Y+��D�F� codec �
F� ���@ �M�

����h�]"���G"	F+GD��C��+AMR �
F�h	����\��+�
� payload AMR�M
G"�S�� � ? �F�+]"���	F+�
�
F�+�
"`SD GY["�?CF�
���
�c�"G�+ codec ���F�"
[" �
F��QR�"d�
G"�SG�+ payload �� � ? �F�+]"���	F+S
+��F�����d�"��
��	C
�SD�"�"@ 
D�+`SD�F��AF��
�
�

����h�G�+ codec "
["q �	�� S
+"
["@Y+	����\]ED	C
�S
+��F��]"������F�AMR
D�+���]ED+�"
	d���
� codec ���
F�+q `SD �EF"#S?$�
�#$����� Cisco CallManager @ �d��"S�F�� ? �F�+]"
���	F+�
F�  payload 	d���
� codec �
F� ���AMR#$�����S
+��F��	����\Ad�+�"��+�
�`SD��]�D
��Q�� aYR+\D����
D�+���A���G"�SG�+ payload AMR]ED+�"�CF�
�� ? �F�+S
+��F�� �h	����\]ED	C
�
SD�"�"�d�"��`SDA
"AM ��QR�]�D���	F+GD��C��$b"`$
���

����h�G�+ codec AMR
D�+���]ED+�" 
 
 ]"���AS��+��QR��� codec AMR���� 	�	d���
����Ad�+�"�" NBC board "
[" @ ]ED codec 
A
[+��SAMR�M�?CF]"
���+AMR 1 ��Ad����AS��+ #S?"��@��@ ]EDG"�SG�+ payload �� � ? �F�+
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]"���	F+�
F�  payload AMR�$b"�F� default 	d���
� codec ���
F�+q ��D� ?
+"d�����F�� ? �F�+]"
���	F+�
F�  payload 	d���
� codec ���
F�+q AMR�M]�D��Q��]ED+�"�?CF]"#$����� Cisco 
CallManager (���
�"�AMR 5 G�+
���+AMR 1) ��]ED]"���AS��+���R��M�SD�? �"QR�+@��#$�����
S
+��F���$b"#$�����	d���
�+�" VoIP AMR�M���]ED+�"�?F�+��D�+G��+]"$*@@L�
" S
+"
["�F�
� ? �F�+]"���	F+�
F�  payload 	d���
� codec ���
F�+q AMR�M]�D��Q��]ED�?CF]"#$�����S
+��F��
@Y+�$b"�	�Q�"��
�c�"AMR	����\?���
�`SD	d���
����"d�`$]ED+�"@��+ �
F�F�"AMR@ "d��F�
� ? �F�+S
+��F��`$+�"`SD"
["@ 
D�+]ED	C
�AMR��F��`$�F�"�"D�"M[]"���EF�?�d�"���F�G"�SG�+ 
payload AMR	
��
"P��
�� ? �F�+"
["q 
 

#S?@ ���R�Ad����AS��+�
���������E
R"]"���AS��+A
[+ 3 ELS SD�? codec ��� G.711 
(�

����h� 64 Kbps) 
���F� default G�+ codec S
+��F���F�" (G"�SG�+ payload �$b" 160 bytes 
�� � ? �F�+]"���	F+�
F�  payload �$b" 20 ms) �"QR�+@�� codec G.711 �M�

����h�]"���G"	F+
GD��C����AMR	LSaYR+\D���������E
R"]"���AS��+A
[+ 3 ELS	����\Ad�+�"�F���
� codec S
+��F��`SD
�?F�+\C�
D�+��������E
R"���F�"
["�h@ 	����\��+�
����Ad�+�"�
� codec AMR�M�

����h�]"���
G"	F+GD��C�
Rd���F� 64 Kbps `SD�EF"�
" �M�A
[+ codec ��� G.711 �$b" codec AMRAd�+�"+F�?AMR	LSAd�]�D
	����\
��@	��GD�B�S���S
F�+AMR���SGY["� ��F�+���Ad�+�"G�+��������E
R"`SD+F�? aYR+]"���
AS��+"M[@ "d����`~��$� �HA audio AMR`SD�
����Ad� encode SD�? codec ��� G.711 ��]ED+�" #S?
@ 
D�+�d��"S]�D){�?	F+GD��C� RTP packet Ad�����F�"GD��C�@��`~��S
+��F������
[+�  160 bytes 
��QR���	�D�+�$b" RTP packet 	d���
�	F+���`$]�D�
�){�?�
�GD��C�AL�q 20 ms (��QR�]�D`SD�

����h�
]"���	F+GD��C��$b" 64 Kbps) aYR+]"A�+A�T�M){�?�
�GD��C����@ `SD�
� RTP packet   1 packet 
AL�q 20 ms SD�? S
+"
["@Y+`SD�d��"S]�D){�?�
�GD��C�Ad�����
�GD��C�AL�q 20 ms ���`�D "��@��"M[
AMR){�?�
�GD��C�@ �M�����h��F� timestamp ��  sequence number G�+�
F�  RTP packet AMR`SD�
��GD�
�����`�D��QR�]ED]"����d�"���F� relative transit time G�+�
F�  RTP packet aYR+�F�S
+��F���$b"�F�AMR
	"]@]"���AS��+"M[ �"QR�+@��@ Ad�]�D	����\A���`SD�F������\Y+G�+ RTP packet �
F�  
packet �M� ? �F�+@�� packet AMR��\Y+�F�"�"D�"M[���"D�?��M?+]S 	d���
�����d�"���F� relative 
transit time G�+ RTP packet �
F�  packet @ ]ED	C
�S
+"M[ 
 

)()(),( ijij SSRRjiD −−−=
 

- D(i,j) �Q� �F� relative transit time � ��F�+ RTP packet AMR i ��  j �M�"F�?�$b" ms 
  - Ri ��  Rj �Q�����AMR packet i ��  j ��\Y+?
+)*�+BCD�
� 
���d�S
� �M�"F�?�$b" ms 
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  - Si ��  Sj �$b" �F� RTP timestamp H�?]" packet AMR i ��  j 
���d�S
� #S?@ 
D�+"d��F�
G�+ RTP timestamp S
+��F��`$�C��
��

�����	�D�+GD��C�
��E"�SG�+ encoding AMR]ED aYR+]"���
AS��+"M[]ED codec ��� G.711 @Y+
D�+�C��F�G�+ RTP timestamp ]"�
F�  packet SD�?�F� 1/8 ��QR�
�$�+�"F�?]�D�$b" ms 
 
"��@����������E
R"){�?	F+�� ){�?�
�@ �M���	F+-�
� RTP packet \Y+�
"�?F�+
F��"QR�+��D� 
��������E
R"A
[+	�+?
+�M���	F+ RTCP compound packet \Y+�
"�$b"EF�+q �M�SD�? ��QR�]�D����
�	F+ 
RTP packet � ��F�+�
"�$b"`$�?F�+\C�
D�+�� �M$� 	�AP�H�� 
 

J�����T�%��E
%�
����<�G�I���n% 3 GfN<:HI
CGL�R� default E
% codec �"" G.711 

 

���������	�
��	��� transit time ��� RTP packet � �!" packet 
�#$%&'�����
%!��
()� 3 +,% �-.#�/+&��� default ��� 

codec G.711 (160 bytes 
,�> 20 ms)

0

500

1000

1500

2000

2500

1 23 45 67 89 111 133 155 177 199 221 243 265 287 309 331 353 375 397 419 441 463 485 507 529 551 573 595 617 639 661 683 705 727 749 771 793

packet

transit time (ms)

��
����������� 1 ��
����������� 2 ��
����������� 3

 
 

F���PI 8  �	S+����$�M?��AM?��F� transit time G�+ RTP packet �
F�  packet AMR�d�"�� 
              #S?��������E
R"){�?�
�GD��C�G�+���AS��+A
[+ 3 ELS ��QR�]ED�F� default G�+  

                         codec G.711 
 
 @�����~]"�C$AMR 8 ��QR��$�M?��AM?��s�� ���AS��+ 2 ELS���AMR��������E
R"Ad�+�"�?CF
�"� ��$e��

���� µClinux H�?]" NBC board ���F����AS��+ELSAMR 1 aYR+]ED system call 
	����\�
� RTP packet `SD�����F����AS��+ELSAMR 2 aYR+]ED API H�?]" Common library G�+ 
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UCL #S?���AS��+ELSAMR 1 @ 	����\�
� RTP packet `SD 525 packet ]"G� AMR���AS��+ELSAMR 2 
@ 	����\�
�`SD��F 444 packet �� ��QR�
��@	���F� transit time AMR�d�"��`SDG�+ RTP packet �
F
�  packet ]"���AS��+A
[+ 2 ELS���F� RTP packet 	F�"]�NF@ ��\Y+��������E
R"){�?�
��
F�  
packet �F�+�
"$� ��� 5 � 20 ms aYR+?
+�?CF]"�����AMR�d��"S�F�){�?�
�@ ?���
�  RTP packet AMR
��\Y+]"EF�+ 0 � 200 ms 	d���
�GD��C�$� �HA�	M?+ �"QR�+@��\D�� ? �F�+� ��F�+GD��C��M�F����"
��F�EF�+S
+��F��@ Ad�]�D�"LT?��
�A���\Y+���G�S��?`$G�+�	M?+ (Schulzrinne, H. and S. 
Casner. 2003.)  �
F�h@ �M RTP packet ��+ packet ]"���AS��+A
[+ 2 ELSS
+��F��AMR��\Y+
��������E
R"){�?�
����"��F�EF�+������
�c�"AMR�d��"S���`�D aYR+@�����~]"�C$AMR 8 ���F�
��
L�����S
+��F��@ ���SGY[" 2 ��
[+SD�?�
"S
+"M[ 
 

1) ���S@����������E
R"){�?	F+
D�+Ad����	�D�+�� 	F+ RTCP compound packet ���`$
]�D�
�){�?�
�GD��C� aYR+��
L�����S
+��F��@ ���SGY["�$b"EF�+q 
����
�c�"����
�-	F+ RTCP 
compound packet (	F�"]�NFEF�+����S
+��F��@ �M�F��$b" 5 ��"�AM) #S?��QR�\Y+EF�+����S
+��F�� ){�?
	F+@ �?LS	F+ RTP packet ���`$]�D){�?�
�E
R����� ��QR�`$@
S�
�M?� RTCP compound packet ��D�
	F+ packet S
+��F�����`$]�D){�?�
� �� ��QR�){�?	F+@
S���	F+ RTCP compound packet ���`$
]�D�
�){�?�
���M?��D�?��D�){�?	F+@ ��
������R�
D"	F+ RTP packet `$]�D){�?�
�]��F�M���
[+ S
+"
["
��QR�){�?�
�`SD�
� RTP packet S
+��F����D�"d�`$�d�"���F� transit time �
� RTP packet �F�"�"D�"M[ 
(RTP packet 	LSAD�?AMR){�?	F+	F+��]�D�F�"AMR){�?	F+@ �?LS	F+ RTP packet ��D�`$���R�Ad����
@
S�
�M?� RTCP compound packet �A") @Y+���F��F� transit time G�+ RTP packet S
+��F��AMR
�d�"�������`SD�M�F�	C+���"��F������ (200 ms) 
������AMR){�?	F+]ED`$��QR�@
S�
�M?� RTCP 
compound packet 	d���
�	F+]�D�
�){�?�
� �� ��QR�Ad����
��@	�� sequence number H�?]" RTP 
packet S
+��F��AMR){�?�
�GD��C� ���F�@ 
F��"QR�+�
� sequence number AMR�?CF]" RTP packet AMR`SD
�
����F�"�"D�"M[ @Y+�	S+]�D��h"`�F�M���	CN��?G�+ RTP packet ���SGY["]"EF�+����S
+��F��  
 

2) ���S@����������E
R"){�?�
�
D�+Ad����	�D�+�� 	F+ RTCP compound packet ���`$
]�D�
�){�?	F+GD��C� aYR+��
L�����S
+��F��@ ���SGY["�$b"EF�+q 
����
�c�"����
�-	F+ RTCP 
compound packet (	F�"]�NFEF�+����S
+��F��@ �M�F��$b" 5 ��"�AM)  #S?]"EF�+����S
+��F��){�?�
�
@ �?LS�
� RTP packet AMR){�?	F+	F+��]�DE
R����� ��QR�`$@
S�
�M?� RTCP compound packet ]�D
��M?��D�?��D�	F+ packet S
+��F�����`$]�D){�?	F+ #S?��QR�){�?�
�@
S���	F+ RTCP compound 
packet ���`$]�D�
�){�?	F+��M?��D�?��D� ){�?�
�@Y+@ ��
������R�
D"�
� RTP packet @��){�?	F+�M�



 

31 

��
[+ S
+"
["��QR�){�?�
�`SD�
� RTP packet @��){�?	F+�M���
[+){�?�
�@ "d� RTP packet S
+��F��`$
�d�"���F� transit time �
� RTP packet AMR`SD�
����F�"�"D�"M[ (RTP packet 	LSAD�?AMR){�?�
�`SD
�
��GD����F�"AMR){�?�
�@ �?LS�
� RTP packet ��D�`$���R�Ad����@
S�
�M?� RTCP compound packet 
�A") @Y+���F��F� transit time G�+ RTP packet S
+��F��AMR�d�"�������`SD�M�F�	C+���"��F������ 
�"QR�+@��]"EF�+AMR){�?�
��?LS�
� RTP packet @��){�?	F+`$ ){�?	F+?
+�+Ad����	F+ RTP packet ��
]�D){�?�
��?F�+
F��"QR�+ Ad�]�D�M���	CN��?G�+GD��C����SGY["AMR){�?�
�GD��C� 	F+B�]�D�F� timestamp 
�� �F� sequence number AMR�?CFH�?]" RTP packet AMR`SD�
��GD���]��F�
�AMR�?CFH�?]" RTP packet aYR+
`SD�
����F�"�"D�"M[`�F
F��"QR�+�
" @Y+�$b"	���
L]�D�F� transit time G�+ RTP packet AMR`SD�
��GD���
]��F��QR��d�"���������D��M�F�	C+���"��F������AMR�d��"S`�D"
R"��+  
 

@��AMR��F��`$GD�+
D"�F����AS��+ELSAMR 1 	����\�
� RTP packet `SD�����F����AS��+
ELSAMR 2 #S?��QR�	
+��
@�����~]"�C$AMR 8 ���R��
�����F� AMR���AS��+ELSAMR 1 	����\�
� RTP 
packet `SD�����F����AS��+ELSAMR 2 "
["�h�"QR�+��@�����AS��+ELSAMR 1 	����\�
� RTP packet 
]"�
F� ����F�"AMRA
[+){�?�
��� ){�?	F+G�+���AS��+S
+��F��@ Ad����	F+ RTCP compound 
packet \Y+�
"`SD�����F����AS��+ELSAMR 2 AMR�$b"�EF""M[�"QR�+@�� system call (AMR]ED]"���AS��+AMR 
1) Ad�+�"�?CF�" kernel-mode G�+� ��$e��

���� Ad�]�D	����\
�S
F��
�A�
�?���
F�+q G�+
� ��`SD�?F�+��S��h���F� API AMRAd�+�"�?CF�" user-mode G�+� ��$e��

���� "��@��"M[ 
scheduler ?
+�d��"S]�D+�"G�+ system call �" kernel-mode �M priority 	C+��F�+�"G�+ API �" 
user-mode Ad�]�D���Ad�+�"G�+ system call �$b"`$�?F�+�M$� 	�AP�H�������F�  
 

��QR�"d�B����AS��+@�����AS��+ 2 ELS���AMRAd�+�"�?CF�"� ��$e��

���� µClinux 
H�?]" NBC board ���$�M?��AM?��
����AS��+]"ELSAMR 3 aYR+Ad�+�"�?CF�"� ��$e��

���� Linux 
H�?]"���QR�+ PC ���F�]"���AS��+ELSAMR 3 @ `�F�M RTP packet ]S�M�F� transit time 	C+��F������
AMR�d��"S���A
[+`�F�M���	CN��?G�+ RTP packet ]Sq ���SGY["]"� ��F�+Ad����AS��+ aYR+@ 
�
�
F�+@��B����AS��+AMR`SD@�����AS��+ 2 ELS����?F�+E
S�@" �"QR�+@��������h�]"���
$� ���B�G�+�"F�?$� ���B��"���QR�+ PC �M������h�	C+��F��"F�?$� ���B�AMR�?CF�" NBC 
board (PC AMR]EDAS��+�M�"F�?$� ���B�������h� 1.2 GHz ]"G� AMR�"F�?$� ���B��" NBC 
board �M������h� 25 MHz) Ad�]�D���@
S�
�M?� RTCP compound packet ]"�
F� ��
[+��QR�\Y+
EF�+����AMR){�?�
���Q�){�?	F+
D�+Ad����	F+ packet S
+��F�����`$	����\Ad�+�"`SD�?F�+��S��h�
�� �	�h@A
"�F�"����
��� 	F+ RTP packet ]"���\
S`$ (�F�+�
"����  20 ms 
�� codec 
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G.711 AMR��Q��]ED) @Y+�	�Q�"�F�){�?	F+`�F�M����?LS	F+ RTP packet ���`$�� ){�?�
��h`�F�M���
�?LS�
� RTP packet �EF"�
" Ad�]�D����
�	F+ RTP packet � ��F�+){�?�
��� ){�?	F+]"���AS��+
ELSAMR 3 "M[�$b"`$�?F�+
F��"QR�+ ]"G� AMR���AS��+ 2 ELS���Ad��?CF�" NBC board AMR�"F�?
$� ���B��M������h�
Rd���F� Ad�]�D��������E
R"]"���AS��+A
[+ 2 ELSS
+��F��Ad�+�"`SDED���F�
��������E
R"AMR]ED]"���AS��+ELSAMR 3 	F+B�]�D���@
S�
�M?� RTCP compound packet G�+){�?�
�
�� ){�?	F+]"���AS��+A
[+ 2 ELS"M[
D�+]ED����]"���Ad�+�""�"��F� ){�?	F+@Y+
D�+�?LS	F+ RTP 
packet �$b"����"�"���"��F� 20 ms (aYR+�$b"�������AMR){�?	F+
D�+Ad����	F+ RTP packet ]�D){�?�
� 

�� codec G.711) �� ){�?�
�
D�+�?LS�
� RTP packet �$b"����"�"Ad�]�D�M���	CN��?G�+ RTP 
packet 	CN��?���SGY["AMR){�?�
� ��QR���]�DG
["
�"���@
S�
�M?��� 	F+ RTCP compound packet 
G�+
"��+Ad�+�"�	�h@	�["�+�F�" @Y+@ 	����\��
����
��� 	F+ RTP packet 
���"D�AMRG�+

"��+`SD�M���
[+ aYR+�$b"	���
L]�D�F� transit time G�+ RTP packet ��+ packet �M�F�	C+���"��F�
�����AMR�d��"S�� �M���	CN��?G�+ RTP packet ���SGY["AMR){�?�
�G�+���AS��+	�+ELS���S
+AMR
`SD��F��`$�F�"�"D�"M[ 
 

@��GD��C�S
+��F��@ ��h"`SD�F�������h�]"���$� ���B�G�+�"F�?$� ���B��$b"$*@@
?
��
�AMRAd�]�D RTP packet ��+ packet �M�F� transit time 	C+B�S$�
��� �M���	CN��?G�+ RTP 
packet ���SGY["AMR){�?�
�G�+���AS��+A
[+	�+ELS�" NBC board ��QR���D$*N�����F�"M[@Y+Ad����
�$�MR?"`$]ED codec ����QR"�A" codec ��� G.711 ��QR����R�� ? �F�+� ��F�+���	F+ RTP packet 
�
F�  packet ]�D�����F� 20 ms �"QR�+@��� ? �F�+G�+����S
+��F��?
+`�F���� 	�	d���
����
�
�	F+ RTP packet ]�D\C�
D�+�" NBC board @Y+`SDAd����AS��+�
���������E
R"]"���AS��+
ELSAMR 1 �� ELSAMR 2 aYR+Ad�+�"�?CF�" NBC board ���R��
�� #S?�$�MR?"���]ED+�"@�� codec G.711 `$
�$b" codec ����QR"q AMR�?CF]"
���+AMR 1 �A" ��QR����F� codec ���]SAMR���� 	�	d���
�"d���]ED
]"����
�	F+ RTP packet �" NBC board �?F�+\C�
D�+ aYR+���?\Y+@ 
D�+`�F�M RTP packet ]Sq AMR
�M�F� transit time 	C+���"��F� 200 ms �� AMR){�?�
�@ 
D�+`�F�M���	CN��?G�+ RTP packet ���SGY["

��S���AS��+ 
 
 #S?����$�MR?"@�� codec ��� G.711 `$�$b" codec ����QR"q "
[" �h@ 
D�+���
?`~��
$� �HA audio AMR`SD�
����Ad� encode ��M?��D�?��D�SD�? codec ���
F�+q 
��]"
���+AMR 1 ��]ED
]"���AS��+�A"`~��AMR]ED]"���AS��+�F�"�"D�"M[SD�? (`~��AMR]ED]"���AS��+�F�"�"D�"M[
GD��C�H�?]"`SD�
����Ad� encode SD�? codec ��� G.711) ��QR�@ `SD"d����GD��C�aYR+�?CF]"`~��
F�+q 
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S
+��F����]ED	�D�+�$b" RTP packet AMR���� 	�	d���
� codec �
F� ��� "��@��"M[@ 
D�+Ad����
��D`G��������E
R"A
[+){�?�
��� ){�?	F+GD��C����R��
�� ��QR�]�D��������E
R"S
+��F��	����\��+�
�
���Ad�+�"�
� codec ]��FAMR��Q��]ED`SD�?F�+\C�
D�+ #S?@ 
D�+�d��"S]�D){�?	F+Ad�����F�"GD��C�
]"�
F� ��
[+@��`~��AMR`SD�
���� encode ��M?��D�?��D�SD�? codec AMR
D�+���]ED+�"]�D�MG"�S
�AF��
�G"�SG�+ payload AMR�d��"S���`�D	d���
� codec "
["q �� ��QR�){�?	F+"d� payload ���F�"
["
`$	�D�+�$b" RTP packet ��M?��D�?��D� ){�?	F+�h@ 
D�+�d��"S]�D���	F+ RTP packet ���`$]"�
F
� ��
[+�MEF�+�����F�+�
"�AF��
��F�G�+� ? �F�+]"���	F+�
F�  payload AMR�d��"S���`�D	d���
� 
codec S
+��F���� �F�� ? �F�+"
["@ 
D�+	
��
"P��
�G"�SG�+ payload AMR�d��"S���`�D�F�"�"D�"M[ 
(]"G
["
�"����F�"GD��C�@��`~��G�+){�?	F+) �M�SD�? ��QR�]�D�

����h�]"���G"	F+GD��C��$b"`$
GD��d��"SG�+ codec "
["q "��@��"M[AMR){�?�
�GD��C��h@ 
D�+�d��"S]�DAd�����
� RTP packet �
F
�  packet �F�+�
"
���F�G�+� ? �F�+]"���	F+�
F�  payload AMR�d��"S���`�D	d���
� codec AMR
��Q��]ED+�" ��QR�]�D����
�	F+ RTP packet � ��F�+){�?�
��� ){�?	F+�$b"`$�?F�+\C�
D�+ �� AMR
��������E
R"){�?�
�GD��C�@ 
D�+��D`G

��C��F� RTP timestamp AMR]ED]"	C
�����F�G�+ relative 
transit time @�� 1/8 	d���
� codec ��� G.711 (S
+AMR`SD��F��\Y+`$�F�"�"D�"M[) `$�$b"�F��QR"q 
��
�

����h�G�+ codec AMR��Q��]ED+�" (1/4 	d���
� 32 Kbps, 1/2 	d���
� 16 Kbps, ��  1 	d���
� 8 
Kbps) ��QR�]�D�F� relative transit time AMR�d�"��`SD@�����AS��+��QR�]ED codec �
F� ����$b"`$
�?F�+\C�
D�+ 
 
 #S?���R�
D"@ Ad����AS��+#S?]ED codec ���
F�+q 
��AMR�M�?CF]"
���+AMR 1 �F���
�
��������E
R"aYR+�
!"�GY["@�� API H�?]" Common Library G�+ UCL AMRAd�+�"�?CF�" NBC board 
�F�" ��QR�
��@	���F� codec �� � ? �F�+]"���	F+�
F�  RTP packet ���]S@��]"
���+AMR 1 AMR
@ Ad�]�D��������E
R"	d���
��
�-	F+ RTP ��  RTCP packet �" NBC board AMR�
!"�GY["@�� API 
H�?]" Common Library G�+ UCL 	����\Ad�+�"`SD�?F�+\C�
D�+ aYR+�h�Q�@ 
D�+`�F�M RTP packet 
]SAMR�M�F� transit time 	C+���"��F� 200 ms �� @ 
D�+`�F�M���	CN��?G�+ RTP packet ���SGY["��?

��S���AS��+ ��
+@��"
["@Y+"d���� codec �� � ? �F�+]"���	F+�
F�  RTP packet AMRAS��+
`SD"M[`$AS��+Ad�+�"�F���
���������E
R"aYR+�
!"�GY["@�� system call G�+#$�#
��� RTP ��  
RTCP H�?]"� ��$e��

���� µClinux �" NBC board �M���
[+ ��QR�]ED]"����$�M?��AM?�
$� 	�AP�H�����Ad�+�"� ��F�+ system call G�+#$�#
��� RTP ��  RTCP AMR�
!"�GY[" �
� API 
H�?]" Common Library G�+ UCL 
F�`$ 	d���
�B����AS��+G�+��������E
R"aYR+�
!"�GY["
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@�� API H�?]" Common Library G�+ UCL �F���
� codec ���
F�+q @��]"
���+AMR 1 �$b"S
+
���~]"�C$AMR 9 \Y+ 13 
 

��������	
� transit time ��� RTP packet ��
�� packet � !"�#$%��&&�'�	$(")*+"&(,)��-.)/�� API 2�3#) common library ��� UCL

 �
; �(< codec G.711 *+"��3�B
��#)����
���
�� RTP packet  +	
��CD) 30 ms

0

500

1000

1500

2000

2500

1 19 37 55 73 91 109 127 145 163 181 199 217 235 253 271 289 307 325 343 361 379 397 415 433 451 469 487 505 523 541 559 577 595 613 631 649 667 685 703

packet

transit time (ms)

 
 

F���PI 9  �	S+�F� transit time G�+ RTP packet �
F�  packet ��QR�]ED API H�?]" Common library   
      G�+ UCL �F���
� codec G.711 AMR� ? �F�+]"���	F+�
F�  RTP packet �$b" 30 ms 

 

��������	
� transit time ��� RTP packet ��
�� packet � !"�#$%��&&�'�	$(")*+"&(,)��-.)/�� API 

2�3#) common library ��� UCL �
; �(< codec G.726

0

500

1000

1500

2000

2500

1 48 95 142 189 236 283 330 377 424 471 518 565 612 659 706 753 800 847 894 941 988 1035 1082 1129 1176 1223 1270 1317

packet

transit time (ms)

 

 
F���PI 10  �	S+�F� transit time G�+ RTP packet �
F�  packet ��QR�]ED API H�?]" Common library  
                 G�+ UCL �F���
� codec G.726 (32 Kbps) 
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��������	
� transit time ��� RTP packet ��
�� packet � !"�#$%��&&�'�	$(")*+"&(,)��-.)/�� API

 2�3#) common library ��� UCL �(< codec G.728

0

500

1000

1500

2000

2500

1 77 153 229 305 381 457 533 609 685 761 837 913 989 1065 1141 1217 1293 1369 1445 1521 1597 1673 1749 1825 1901 1977 2053 2129

packet

transit time (ms)

 

 
F���PI 11  �	S+�F� transit time G�+ RTP packet �
F�  packet ��QR�]ED API H�?]" Common library  
                 G�+ UCL �F���
� codec G.728 (16 Kbps) 
 

�����A%���� transit time ��� RTP packet � �!" packet �-.#�/+&��BB!C��+(#D
�#B(ED��F)D'�� API I��/D Common library ���

 UCL ��M-�(	 codec G.729 
�#�"�"O����"OM���� �!" RTP packet -���� ���> �(D

0

500

1000

1500

2000

2500

1 18 35 52 69 86 103 120 137 154 171 188 205 222 239 256 273 290 307 324 341 358 375 392 409 426 443 460 477 494 511 528 545 562 579 596 613 630 647 664 681

packet

transit time (ms)

G.729 40 ms G.729 50 ms

 
 

F���PI 12  �	S+�F� transit time G�+ RTP packet �
F�  packet ��QR�]ED��������E
R"AMR�
!"�GY["@��  
                 API H�?]" Common library G�+ UCL �F���
� codec G.729 AMR� ? �F�+]"���	F+�
F�  
                 RTP packet �M�F�
F�+q �
" 
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<�
�	<kO��	E
% packet loss <:HI
CGL codec �""�R�%u �PI����;R�%��;�R�%��R�� packet :P�R��R�%u 

��� �R�:��"�
����<�G�I��PI�����Evn�7� API F��C� Common library E
% UCL

0

10

20

30

40

50

G.711 20 ms G.726 20 ms G.728 30 ms G.726 30 ms G.711 30 ms G.729 40 ms G.729 50 ms

G��NE
% codec �������;R�%��;�R�%��R�� packet

% packet loss

 
 

F���PI 13  �	S+�$����ah"
����	CN��?G�+ RTP packet ��QR�]ED codec ���
F�+q AMR� ? �F�+]"��� 
          	F+�
F�  RTP packet �M�F�
F�+q �
"�F���
���������E
R"AMR�
!"�GY["@�� API H�?]"  

                 Common library G�+ UCL 
 
 @�����~]"�C$AMR 9 \Y+ 12 aYR+�	S+�F� transit time G�+ RTP packet �
F�  packet AMR){�?�
�
GD��C��d�"��`SD�� ���~]"�C$AMR 13 AMR�	S+\Y+�$����ah"
����	CN��?G�+ RTP packet AMR){�?�
�
GD��C� ��QR�]ED��������E
R"AMR�
!"�GY["@�� API H�?]" Common library G�+ UCL �F���
� codec 
���
F�+q AMR� ? �F�+� ��F�+���	F+�
F�  RTP packet �M�F�
F�+q �
"	d���
� codec �
F� $� �HA

��]"
���+AMR 1 #S?@�����~A
[+��S��QR�]ED codec G.711 (�

����h� 64 Kbps), G.726 (�

����h� 
32 Kbps), G.728 (�

����h� 16 Kbps) aYR+ codec S
+��F����+�
�� ? �F�+]"���	F+�
F�  RTP 
packet AMR 20 ��  30 ms, ��  G.729 (�

����h� 8 Kbps) AMR� ? �F�+]"���	F+�
F�  RTP packet 
�$b" 40 ms  @ ���F�?
+�+�M RTP packet ��+ packet �M�F� transit time 	C+���"��F� 200 ms �� ?
+�+
�M���	CN��?G�+ RTP packet ���SGY["AMR){�?�
�GD��C��EF"�SM?��
�B�AMR`SD]"���AS��+�F�"�"D�"M[ 
@Y+�	S+]�D��h"�F�� ? �F�+� ��F�+���	F+�
F�  RTP packet AMR�M�F��$b" 20, 30, ��  40 ms `�F
���� 	�
F����Ad�+�"G�+��������E
R"AMR�
!"�GY["@�� API H�?]" Common library G�+ UCL 
�" NBC board �
F@�����~]"�C$AMR 13 @ ��h"`SD�F��$����ah"
�]"���	CN��?G�+ RTP packet @ 
�S�+��QR�?q 
��� ? �F�+� ��F�+���	F+�
F�  RTP packet AMR���R�GY[" �� ��QR�]ED codec G.729 AMR
� ? �F�+]"���	F+�
F�  RTP packet �M�F��$b" 50 ms �F���
���������E
R"AMR�
!"�GY["@�� API 
H�?]" Common library G�+ UCL @ ���F�`�F�M RTP packet ]S�M�F� transit time 	C+���"��F� 200 
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ms S
+�	S+]"���~�C$AMR 12 �� @�����~]"�C$AMR 13 ���F��$����ah"
����	CN��?G�+ RTP 
packet G�+� ? �F�+S
+��F��@ �M�F��$b" 0 aYR+�	S+]�D��h"�F�`�F�M���	CN��?G�+ RTP packet 
���SGY["
��S���AS��+ S
+"
["AMR� ? �F�+]"���	F+�
F�  RTP packet �$b" 50 ms @Y+Ad�]�D���
Ad�+�"G�+��������E
R"AMR�
!"�GY["@�� API H�?]" Common library G�+ UCL �" NBC board 
�$b"`$�?F�+\C�
D�+ 
 
 ��QR�A����F� codec ��� G.729 AMR�d��"S� ? �F�+]"���	F+�
F�  RTP packet �M�F��$b" 50 
ms 	����\Ad�]�D��������E
R"aYR+�
!"�GY["@�� API H�?]" Common library G�+ UCL Ad�+�"�?CF
�" NBC board `SD�?F�+\C�
D�+#S?`�F�M RTP packet ]S�M�F� transit time 	C+���"��F� 200 ms �� 

��S���AS��+@ `�F�M���	CN��?G�+ RTP packet ���SGY["AMR){�?�
�GD��C� (�$����ah"
�]"���	CN
��?G�+ RTP packet �M�F��$b" 0) @Y+`SD���
? codec �� � ? �F�+]"���	F+�
F�  RTP packet 
S
+��F��`$AS��+�F���
���������E
R"AMR�
!"�GY["@�� system call �" NBC board ��QR�
��@	��
�F�@ `SDB����Ad�+�"�EF"�SM?��
���������E
R"AMR�
!"�GY["@�� API H�?]" Common library G�+ 
UCL AMRAS��+`$�F�"�"D�"M[��Q�`�F "��@��"M[@ AS��+#S?]ED codec G.729 AMR� ? �F�+]"���
	F+�
F�  RTP packet �M�F�"D�?��F� 50 ms �F���
���������E
R"AMR�
!"�GY["@�� system call SD�? 
��QR�
��@	���F�AMR� ? �F�+]"���	F+�
F�  RTP packet "D�?��F� 50 ms @ Ad�]�D��������E
R"AMR
�
!"�GY["@�� system call 	����\Ad�+�"�?CF�" NBC board `SD�?F�+\C�
D�+��Q�`�F ��QR�@ `SD]ED
B����AS��+S
+��F��]"����
S$� 	�AP�H�����Ad�+�"� ��F�+ system call ��  API H�?]" 
Common library G�+ UCL 
F�`$ aYR+B����AS��+� ��F�+��������E
R"AMR�
!"�GY["@�� system 
call �F���
� codec G.729 AMR� ? �F�+]"���	F+�
F�  RTP packet �M�F�
F�+q �
" @ �$b"S
+���~]"
�C$AMR 14 ��  15 
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�����A%���� transit time ��� RTP packet � �!" packet �-.#�/+&��BB!C��+(#D
�#B(ED��F)D'�� System call ��M-�(	 

codec G.729 
�#�"�"O����"OM���� �!" RTP packet -���� ���> �(D
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packet
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F���PI 14  ���~�	S+�F� transit time G�+ RTP packet �
F�  packet ��QR�]ED��������E
R"AMR 
                �
!"�GY["@�� system call �F���
�  codec G.729  AMR� ? �F�+� ��F�+���	F+�
F 

                         �  RTP packet �M�F�
F�+q �
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F���PI 15  �	S+�$����ah"
����	CN��?G�+ RTP packet ��QR�]ED codec ���
F�+q AMR� ? �F�+]"��� 
          	F+�
F�  RTP packet �M�F�
F�+q �
"�F���
���������E
R"AMR�
!"�GY["@�� system call 
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@�����~]"�C$AMR 14 aYR+�	S+�F� transit time G�+ RTP packet �
F�  packet AMR){�?�
�
GD��C��d�"��`SD�� ���~]"�C$AMR 15 AMR�	S+\Y+�$����ah"
����	CN��?G�+ RTP packet AMR){�?�
�
GD��C� ��QR�]ED��������E
R"AMR�
!"�GY["@�� system call �F���
� codec G.729 AMR� ? �F�+]"���	F+
�
F�  RTP packet �M�F��$b" 50, 40, ��  30 ms #S?@�����~]"�C$AMR 14 @ ���F���QR�]ED� ? �F�+
� ��F�+���	F+�
F�  RTP packet �M�F��$b" 50 ms �h@ Ad�]�D���Ad�+�"G�+��������E
R"AMR
�
!"�GY["@�� system call �" NBC board �$b"`$�?F�+\C�
D�+#S?`�F�M RTP packet ]S�M�F� transit 
time 	C+���"��F� 200 ms �� 
��S���AS��+@ `�F�M���	CN��?G�+ RTP packet ���SGY["AMR){�?�
�
GD��C��EF"�SM?��
�B�AMR`SD@�����Ad�+�"G�+��������E
R"AMR�
!"�GY["@�� API H�?]" Common 
library G�+ UCL ��QR�]ED�F���
�� ��F�+���	F+�
F�  RTP packet �F�S
+��F�� (50 ms) �
F��QR�]ED
� ? �F�+]"���	F+�
F�  RTP packet �M�F��$b" 40 ms @ ���F���������E
R"AMR�
!"�GY["@�� system 
call �h@ 	����\Ad�+�"�" NBC board `SD�?F�+\C�
D�+�EF"�SM?��
���QR�]ED� ? �F�+]"���	F+�
F�  
RTP packet �$b" 50 ms #S?@�����~]"�C$AMR 15 @ ��h"`SD�F��$����ah"
����	CN��?G�+ RTP 
packet ��QR�]ED� ? �F�+S
+��F�� (40 ms) �M�F��$b" 0 @Y+�	S+]�D��h"�F�`�F�M���	CN��?G�+ RTP 
packet 
��S���AS��+��QR�]ED� ? �F�+]"���	F+�
F�  RTP packet �$b" 40 ms �F���
�
��������E
R"AMR�
!"�GY["@�� system call �" NBC board aYR+B�AMR`SD@ �
�
F�+@��B����Ad�+�"
G�+��������E
R"AMR�
!"�GY["@�� API H�?]" Common library G�+ UCL �" NBC board �F���
� 
codec G.729 AMR� ? �F�+� ��F�+�
F�  RTP packet �M�F��$b" 40 ms ]"���AS��+�F�"�"D�"M[ (�M 
RTP packet ��+ packet �M�F� transit time 	C+���"��F� 200 ms �� �M���	CN��?G�+ RTP packet 
���SGY[") 
 

@��B����AS��+A
[+��SAMR`SD@Y+�	S+]�D��h"�F���������E
R"AMR�
!"�GY["��@�� system 
call ��QR�"d���]ED+�"�F���
� codec G.729 AMR�d��"S]�D� ? �F�+� ��F�+���	F+�
F�  payload �M�F�


[+�
F 40 ms GY["`$ 	����\Ad�+�"�" NBC board `SD�?F�+\C�
D�+#S?`�F�M RTP packet AMR�M�F� 
transit time 	C+���"��F� 200 ms �� 
��S���AS��+@ `�F�M���	CN��?G�+ RTP packet ���SGY["AMR
){�?�
�GD��C��M�SD�? ]"G� AMR��������E
R"AMR�
!"�GY["@�� API H�?]" Common library G�+ 
UCL 
D�+Ad�+�"�F���
� codec G.729 AMR�d��"S]�D� ? �F�+]"���	F+�
F�  payload �M�F�

[+�
F 50 
ms GY["`$�AF�"
["@Y+	����\Ad�+�"�" NBC board `SD�?F�+\C�
D�+ @Y+�	S+]�D��h"�F� system call AMR
Ad�+�"�?CF�" kernel-mode G�+� ��$e��

����	����\Ad�+�"`SD��S��h���F� API H�?]" 
Common library G�+ UCL AMRAd�+�"�?CF�" user-mode G�+� ��$e��

���� "��@��"M[���AS��+
S
+��F��?
+EF�?]�DA����F�\D�@ "d� NBC board ���
!"�GY["�$b"#A��
�A� IP � ? �F�+� ��F�+�
F
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�  RTP packet AMR���� 	�	d���
����$� ���B�G�+ ARM7TDMI (������h� 25 MHz) H�?]" 
NBC board �Q� 40 ms GY["`$	d���
����]ED system call ��  50 ms GY["`$	d���
����]ED API 
H�?]" Common Library G�+ UCL S
+"
[" codec ]SAMR	����\Ad�+�"��+�
��
�EF�+����S
+��F��
`SD�h	����\"d���]ED+�"�
� NBC board `SD 
 

@�����~]"�C$AMR 9 \Y+ 13 @ ���F�� ? �F�+� ��F�+�
F�  RTP packet AMR���� 	�	d���
�
���Ad�+�"�" NBC board 	d���
���������E
R"ELSAMR�
!"�GY["@�� API H�?]" common library 
G�+ UCL �Q� 

[+�
F 50 ms GY["`$ �� @�����~]"�C$AMR 14 @ ���F�� ? �F�+� ��F�+�
F�  RTP 
packet AMR���� 	�	d���
����Ad�+�"�" NBC board 	d���
���������E
R"AMR�
!"�GY["@�� system 
call �Q� 

[+�
F 40 ms GY["`$ aYR+�	S+�F�EF�+����S
+��F��@ Ad�]�D�"F�?$� ���B� ARM7TDMI 
������h� 25 MHz H�?]" NBC board 	����\�
�	F+�� $� ���B� RTP packet ���\Y+ RTCP 
packet `SDA
"]"�
F� ���G�+���Ad�+�" Ad�]�D`�F�M RTP packet ]S�M�F� transit time 	C+���"��F� 
200 ms �� `�F�M���	CN��?G�+ RTP packet ���SGY["AMR){�?�
�GD��C�
��S���AS��+"
R"��+ #S?
��QR�
��@	��@��������h�]"���$� ���B�G�+�"F�?$� ���B� (25 MHz) �
�����AMR�"F�?
$� ���S
+��F��	����\Ad�+�"�
�#$�#
��� RTP ��  RTCP `SD�?F�+\C�
D�+ (50 ms 	d���
� 
API H�?]" Common library G�+ UCL ��  40 ms 	d���
� system call) ��D� @ ���F����Ad�+�"
A
[+��SG�+~*+��E
"AMR]ED]"���	�D�+�� 	F+ RTCP compound packet ]"�
F� ���@ �?CF]"EF�+
� ��F�+ 1000000 cycle (25000 x 40) \Y+ 1250000 (25000 x 50) cycle 	d���
���������E
R"AMR
�
!"�GY["@�� API H�?]" Common library G�+ UCL �� @ �?CF]"EF�+� ��F�+ 750000 cycle 
(25000 x 30) \Y+ 1000000 cycle (25000 x 40) 	d���
���������E
R"AMR�
!"�GY["@�� system call aYR+
\D�]ED�"F�?$� ���B�AMR�M������h����R�GY[" (�����F� 25 MHz) �"F�?$� ���B�S
+��F���h"F�@ 
��+�
��
�� ? �F�+� ��F�+�
F�  RTP packet ]"EF�+AMR	
["�+��F�"M[`SD �"QR�+@���"F�?$� ���B�
AMR�M������h�	C+GY["�h@ 	����\Ad�+�"]"�
F� ��"�AM`SD@d�"�"G�+ cycle ���R����GY[" S
+"
["�"F�?
$� ���B�]"�
�T� S
+��F���h@ 	����\$� ���B�~*+��E
"AMR]ED]"���	�D�+�� 	F+ RTCP 
compound packet ]"�
F� ��� (� ��F�+ 1000000 cycle \Y+ 1250000 cycle 	d���
� API H�?]" 
Common library G�+ UCL ��  750000 cycle \Y+ 1000000 cycle 	d���
� system call) `SDSD�?����
AMR"D�?��F� 50 ms 	d���
���������E
R"AMR�
!"�GY["@�� API H�?]" Common library G�+ UCL 
��  40 ms 	d���
���������E
R"AMR�
!"�GY["@�� system call aYR+@ 	F+B�]�D�"F�?$� ���B�AMR�M
������h����R�GY[""M[	����\Ad�+�"�
�� ? �F�+� ��F�+�
F�  RTP packet AMR�M�F�"D�?�+`SD"
R"��+ 
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#S?����	
��
"P�� ��F�+������h�G�+�"F�?$� ���B�AMR���� 	��
�� ? �F�+� ��F�+�
F�  
RTP packet AMR��S�����`�D�$b"S
+���~]"�C$AMR 16 
 

�M�-A(-B(DQR�"OM����M�-��SM���OD�M���"-M!T!
�#�O-�"A-�(	�"�"O����"OM���� �
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)

�����
 �!��"#$�%&
'���(� ��)��*�+ API /�%*# Common library !�� UCL (MHz)

�����
 �!��"#$�%&
'���(� ��)��*�+ system call (MHz)

 
 

F���PI 16  �	S+����	
��
"P�� ��F�+������h�G�+�"F�?$� ���B�AMR���� 	��
�� ? �F�+ 
                     � ��F�+�
F�  RTP packet 
 

@�����~]"�C$AMR 16 @ ��h"`SD�F���QR����R�������h�G�+�"F�?$� ���B�]�D���GY[" �"F�?
$� ���B�S
+��F���h@ 	����\��+�
����Ad�+�"�
� codec AMR�M� ? �F�+]"���	F+�
F�  RTP 
packet AMR�M�F�"D�?�+`SD �� ��QR��$�M?��AM?�� ��F�+��������E
R"AMR�
!"�GY["@�� API H�?]" 
Common library G�+ UCL �
���������E
R"AMR�
!"�GY["@�� system call @ ���F���������E
R"AMR
�
!"�GY["@�� system call 	����\Ad�+�"�F���
� codec AMR�M� ? �F�+� ��F�+�
F�  RTP packet aYR+
�M�F�"D�?q `SD#S?]ED�"F�?$� ���B�AMR�M������h�"D�?��F�AMR��������E
R"aYR+�
!"�GY["@�� API 
H�?]" Common library G�+ UCL ]ED��QR�]�D��������E
R"S
+��F��Ad�+�"�F���
�� ? �F�+���F�"
["
`SD (	d���
���������E
R"AMR�
!"�GY["@�� system call \D�Ad�+�"�F���
��"F�?$� ���B�������h� 
43 MHz �h@ 	����\Ad�+�"��+�
��
�� ? �F�+� ��F�+���	F+�
F�  RTP packet AMR�M�F��$b" 20 ms 
`SD ]"G� AMR��������E
R"AMR�
!"�GY["@�� API H�?]" Common library G�+ UCL 
D�+Ad�+�"
�F���
��"F�?$� ���B�AMR�M������h� 55 MHz GY["`$ @Y+@ Ad�]�D��������E
R"S
+��F��	����\
Ad�+�"�
�� ? �F�+]"���	F+�
F�  RTP packet AMR�M�F��$b" 20 ms `SD) 



>�f����EL
<>�
��� 

 >�f� 

 
 ��QR�AS��+#S?]ED codec G.711 (64 Kbps), codec G.726 (32 Kbps) ��  G.728 (16 Kbps) 
�F���
���������E
R"AMR�
!"�GY["@�� system call ��  API H�?]" Common library G�+ UCL �" 
NBC board ���F�@ Ad�]�D�M RTP packet ��+ packet �M�F� transit time 	C+���"��F� 200 ms (\D�	C+
���"��F��F�"M[@ Ad�]�D�"LT?��
�A���\Y+���G�S��?`$G�+�	M?+) �� �M���	CN��?G�+ RTP packet 
���SGY["AMR){�?�
�GD��C��M�SD�? �"QR�+@��� ? �F�+� ��F�+�
F�  RTP packet 20 ��  30 ms AMR codec 
S
+��F��Ad�+�"��+�
�`SD�M�F�"D�?���"`$ Ad�]�D�"F�?$� ���B� ARM7TDMI ������h� 25 MHz 
G�+ NBC board `�F	����\$� ���B�`SDA
" �	S+]�D��h"�F� codec S
+��F��`�F���� 	��
����
]ED+�"�" NBC board �
F��QR�]ED codec G.729 (8 Kbps) aYR+��+�
�� ? �F�+� ��F�+�
F�  RTP 
packet �$b" 10, 20, 30, 40, 50, ��  60 ms (@��
���+AMR 1) ��AS��+]ED+�"�F���
���������E
R"
A
[+ 2 ����" NBC board ���F���QR��d��"S� ? �F�+]"���	F+�
F�  RTP packet ]�D�M�F��$b" 40 
ms (payload AMR�F�"@��`~��
D�+�MG"�S�$b" 40 byte) 	d���
���������E
R"ELSAMR�
!"�GY["@�� 
system call ��  50 ms (payload AMR�F�"@��`~��
D�+�MG"�S�$b" 50 byte) 	d���
���������E
R"ELSAMR
�
!"�GY["@�� API H�?]" Common library G�+ UCL @ Ad�]�D`�F�M RTP packet ]S�M�F� transit 
time AMR�d�"�������`SD	C+���"��F� 200 ms �� 
��S���AS��+@ `�F�M���	CN��?G�+ RTP 
packet ���SGY["SD�? @Y+�	S+]�D��h"�F�� ? �F�+� ��F�+�
F�  RTP packet S
+��F�� (40 ms 	d���
� 
system call ��  50 ms 	d���
� API H�?]" Common library G�+ UCL) @ Ad�]�D�"F�?
$� ���B�G�+ NBC board 	����\Ad�+�"`SDA
" aYR+@ 	F+B�]�D#$�#
��� RTP  ��  RTCP 
	����\Ad�+�"�" NBC board `SD�?F�+\C�
D�+ S
+"
[" codec ���]SAMR	����\��+�
����Ad�+�"
�
�� ? �F�+� ��F�+�
F�  RTP packet 

[+�
F 40 ms GY["`$	d���
����]ED system call ��  

[+�
F 
50 ms GY["`$	d���
� API H�?]" Common library G�+ UCL �h@ 	����\]ED codec S
+��F���" 
NBC board `SD "��@��"M[@ ��h"`SD�F� system call 	����\��+�
����Ad�+�"�
�� ? �F�+� ��F�+
�
F�  RTP packet AMR�M�F�"D�?��F� API H�?]" Common library G�+ UCL (40 ms GY["`$�
� 50 ms 
GY["`$
���d�S
�) @Y+�	S+]�D��h"�F� system call AMRAd�+�"�?CF�" kernel-mode G�+� ��$e��

����
	����\Ad�+�"`SD�?F�+��S��h���F� API AMRAd�+�"�?CF�" user-mode G�+� ��$e��

���� S
+"
["���
"d� system call ��]ED+�"@Y+�$b"���EF�?���R�$� 	�AP�H��]"���Ad�+�"G�+#$�#
��� RTP ��  
RTCP �"� ��$e��

���� µClinux H�?]" NBC board `SD�$b"�?F�+SM 
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 �� @�����~]"�C$AMR 13 ��  15 aYR+�	S+\Y+�$����ah"
����	CN��?G�+ RTP packet ��QR�
]ED��������E
R"AMR�
!"�GY["@�� API H�?]" Common library G�+ UCL �F���
� codec ���
F�+q 
AMR�M� ? �F�+� ��F�+�
F�  RTP packet �M�F�
F�+q �
"�� ��QR�]ED��������E
R"AMR�
!"�GY["@�� 
system call �F���
� codec ���
F�+q AMR�M� ? �F�+� ��F�+�
F�  RTP packet �M�F�
F�+q �
" 

���d�S
� @ ���F�AMR� ? �F�+� ��F�+���	F+�
F�  RTP packet AMR�AF��
" ��������E
R"AMR�
!"�GY["
@�� system call @ �M�$����ah"
����	CN��?G�+ RTP packet "D�?��F���������E
R"AMR�
!"�GY["@�� 
API H�?]" Common library G�+ UCL @Y+�	S+]�D��h"�F����"d� system call @Y+�$b"���EF�?���R�
$� 	�AP�H��]"���Ad�+�"G�+#$�#
��� RTP ��  RTCP �"� ��$e��

���� µClinux H�?]" 
NBC board `SD���?�R+GY[" 
 
 �� @�����~]"�C$AMR 16 @ �	S+]�D��h"�F�\D�]ED� ���������
������)*+

�AMR�"F�?
$� ���B�H�?]"�M������h������F� ARM7TDMI (25 MHz) ]"���G"	F+GD��C���� real-time 
�"���Q�GF�? IP #S?���
?#$�#
��� RTP ��  RTCP � ���������
������)*+

�S
+��F���h
"F�@ 	����\Ad�+�"��+�
��
� codec aYR+�d��"S� ? �F�+� ��F�+���	F+�
F�  RTP packet �M�F�
"D�?��F�AMR NBC board 	����\Ad�+�"��+�
�`SD "��@��"M[\D�]ED��������E
R"AMR�
!"�GY["@�� 
system call �"� ���������
������)*+

�]S �h@ EF�?]�D� ���������
������)*+

�"
["
	����\Ad�+�"�F���
� codec aYR+]ED� ? �F�+]"���	F+�
F�  RTP packet �M�F�"D�?��F�AMR
��������E
R"aYR+�
!"�GY["@�� API H�?]" Common library G�+ UCL 	����\Ad�+�"��+�
�`SD
�"� ���������
������)*+

�����SM?��
" �"QR�+@�� system call "
["Ad�+�"�?CF�" kernel-mode 
G�+� ��$e��

���� @Y+	����\Ad�+�"`SD�?F�+��S��h���F� API H�?]" Common library G�+ UCL 
AMRAd�+�"�?CF�" user-mode G�+� ��$e��

���� Ad�]�D���$� ���B�~*+��E
R"
F�+q H�?]" system 
call ]ED����"D�?��F� 	F+B�]�D���Ad�+�"G�+#$�#
��� RTP ��  RTCP ��QR�]ED system call �"
� ���������
������)*+

��$b"`$�?F�+��S��h��� �M$� 	�AP�H�������F����]ED API H�?]" 
Common library G�+ UCL 
 

"��@�� system call @ EF�?���R�$� 	�AP�H�����Ad�+�"G�+#$�#
��� RTP ��  RTCP 
AMRAd�+�"�?CF�" NBC board ��D� ���]ED+�"?
+EF�?�d�"�?����	 S��]�D�
�BCDAMR
D�+����
!"�
��������E
R"��Q�#$�#
���� S
�	C+AMR��MR?�GD�+�
����G"	F+GD��C�$� �HA real-time �"
���Q�GF�? IP 	d���
�"d�`$]ED+�"�?CF�"� ��$e��

���� µClinux H�?]"� ���������
������)*+
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�]Sq �"QR�+@��BCD]ED+�"`�F@d��$b"
D�+
�S

[+ library G�+#$�#
��� RTP ��  RTCP �+`$�" 
user-mode G�+� ��$e��

���� µClinux ���R��
�� ����  system call 	����\�d��"S]�D�M�?CF]" 
kernel G�+� ��$e��

����`SDA
"AM

[+�
F�� ��"������`�����  build � ��$e��

����"
["q 
�� ��QR���@����G"�SG�+��������E
R"AMR�
!"�GY["��@�� system call �$�M?��AM?��
�
��������E
R"AMR�
!"�GY["@�� API H�?]" library AMR
�S

[+�?CF�" user-mode G�+� ��$e��

����
���F���������E
R"AMR�
!"�GY["��@�� system call @ �MG"�S��h���F�����"QR�+@����������E
R"
S
+��F��@  link �GD��
� system call 
F�+q AMR
"��+��M?�]ED�h
F���QR��M�����M?�]ED��������E
R""
["]�D
Ad�+�"�AF�"
[" aYR+@ �
�
F�+@����������E
R"AMR�
!"�GY["@�� API H�?]" library AMR@ 
D�+Ad���� 
link API AMR
"��+
D�+]ED+�"@�� library S
+��F������GD�SD�?�
"

[+�
F]"G
["
�"��� build 
��������E
R""
[" aYR+���AMR��������E
R"AMR�
!"�GY["@�� system call �MG"�S��h�"M[@ Ad�]�D$� �?
S
�"Q[�AMR]"���@
S��h���������E
R"S
+��F��]"�"F�?����@d�G�+� ���������
������)*+

� 
 

 EL
<>�
�����������%���������R
 

 
#$�#
��� RTP ��  RTCP \Q��F��$b"#$�#
���G
["�Q["c�"	d���
����Ad�+�"G�+ VoIP #S?
#$�#
���S
+��F���M�"D�AMR]"���G"	F+GD��C�$� �HA real-time �"���Q�GF�? IP ]�D�$b"`$�?F�+�M
$� 	�AP�H�����@ �
!"�� ���������
������)*+

�]�D���?�$b"#A��
�A� IP AMR	��C���`SD"
[" 
"��@��
D�+�M#$�#
��� RTP ��  RTCP ��D� ?
+@d��$b"
D�+�M#$�#
���AMRAd��"D�AMR@
S���
��MR?��
���� call �EF" #$�#
��� SIP ��  H.323 Ad�+�"�?CFH�?]"� ���������
������)*+

�
"
["q SD�? S
+"
["	�R+AMR
D�+�
!"�
F�@��+�"��@
?E�[""M[�h�Q�����
!"���LF�G�+#$�#
���AMR]ED]"
���@
S���SD�"��� call GY["��Ad�+�"�"� ��$e��

���� µClinux aYR+@ "d�`$
�S

[+�+�"� ��
�������
������)*+

�AMR
D�+���]�DAd�+�"�$b"#A��
�A� IP `SD
F�`$ #S?	����\"d���� system 
call AMR�
!"�GY["]"+�"��@
?E�[""M[��]ED]"����
!"�#$�#
���S
+��F��`SD�M�SD�? 
 
 "��@��"M[ system call AMR�
!"�GY["?
+Ad�+�"��+�
��s��  IPv4 �AF�"
[" �"QR�+@��]"
$*@@L�
"� ��$e��

���� µClinux ?
+`�F	����\��+�
����Ad�+�"�
� IPv6 `SD�?F�+	��C��� (�?CF]"
G
["
�"G�+����
!"� $�AMRAd������@
? : 2549) S
+"
["]"�"��
��QR��M���]ED+�" IPv6 �?F�+
���F���?���GY["�� � ��$e��

���� µClinux 	����\Ad�+�"��+�
��
� IPv6 `SD�?F�+	��C���
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��D� �h��@@ 
D�+Ad������D`G system call G�+#$�#
��� RTP ��  RTCP ]�D	����\Ad�+�"
��+�
��
� IPv6 `SDSD�? ��QR�
��	"�+����
D�+���G�+BCD]ED+�"]�D���AMR	LS 
  
 @�����AS��+AMRBF�"�����F�@ �M���AS��+���Ad�+�"G�+ system call ]"�
�T� G�+ 
unicast �AF�"
[" �"QR�+@�� system call G�+#$�#
��� RTP ��  RTCP AMR�
!"�GY["]"+�"��@
?E�[""M[
?
+`�F`SD�
!"�]�D��+�
����G"	F+GD��C�]"�
�T� G�+ multicast S
+"
["��QR�]�D� ���������
���
���)*+

�AMR@ �
!"�GY["�$b"#A��
�A� IP 	����\G"	F+GD��C�GD��C�$� �HA real-time �"
���Q�GF�? IP `SDA
[+��� unicast ��  multicast @Y+
D�+�
!"� system call S
+��F��]�D	����\Ad�+�"
��+�
����G"	F+GD��C�]"�
�T� G�+ multicast `SDSD�? 
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]"���
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[+� ��$e��

���� µClinux �+�"� ���������
������)*+

�]Sq ��
�	d��
N
�h�Q�
D�+
��@	��� ���������
������)*+

�AMR�M�?CF�F�$� ���SD�?�L$����� `��D�+ ��QR�]ED
GD��C����F�"M[]"����d��"S�� $�
��
F+�F�
F�+q H�?]" kernel G�+� ��$e��

���� µClinux ]�D
���� 	��
�� ���������
������)*+

�"
["q �M�A
[+?
+EF�?]�D	����\
�S

[+ driver G�+�L$����

F�+q AMR�M�?CF�"� ���������
������)*+

�`SD�?F�+\C�
D�+ aYR+@ Ad�]�D� ���������
������)*+


�	����\Ad�+�"`SD�
h�$� 	�AP�H�� �"Q[���]"EF�+\
S`$@ ��F��\Y+G
["
�"��
�q AMR]ED]"���

�S

[+� ��$e��

���� µClinux �+�" NBC board #S?BCDAMR	"]@	����\"d�G
["
�"���F�"M[`$$�
�
]ED�
�� ���������
������)*+

�AMR
D�+���`SD
F�`$ 
 

E�n��
������N��n%��""�h�"������ µClinux �%"� NBC board 

  
1. ��N��n% cross-tool �%"���""�h�"������ Linux 
 
 cross-tool �$b"ELS���QR�+�Q�AMR
�S

[+�?CF�" platform �"YR+�
F	����\]ED]"������`�����Q� 
build ��������E
R"	d���
� platform �QR"q `SD aYR+� ��$e��

���� µClinux �h�MBCD�
!"� cross-tool 
GY["����QR�]ED
�S

[+�+�"� ��$e��

���� Linux 	d���
�]ED]"������`�����Q� build 
��������E
R"���`$\Y+ image G�+� ��$e��

���� µClinux 	d���
� platform AMR
D�+���`SD	 S��
?�R+GY[" S
+"
["�F�"AMR@ ���R����`�����  build image G�+� ��$e��

���� µClinux 	d���
�Ad�+�"
�
� NBC board @Y+@d��$b"
D�+
�S

[+ cross-tool AMR���� 	��+�"� ��$e��

���� Linux ]�D
��M?��D�?  
 

aYR+ cross-tool AMR���� 	�]"���"d���Ad�+�"�
� NBC board "
[" �Q� cross-tool AMR`SD�
�
����
!"�GY["��	d���
� ARM platform �"QR�+@�� NBC board ]ED microcontroller Samsung 
S3C4530A AMR�"F�?$� ���B�H�?]"�$b" ARM7TDMI "
R"��+ #S?	����\ download `~�� 
binary G�+ cross-tool 	d���
� ARM platform AMR�MEQR��F� arm-elf-tools-20030314.sh `SD@����h�`a
� 
http://www.µClinux.org/pub/µClinux/m68k-elf-tools/ 	d���
���PM���
�S

[+ cross-tool S
+��F���+
�"� ��$e��

���� Linux 	����\Ad�`SD#S?���	
R+�
" arm-elf-tools-20030314.sh AMR command 
prompt G�+� ��$e��

���� Linux `SDA
"AM ��QR��
"�d�	
R+"M[��D�@ ��h"��?EQR�G�+`~��
F�+q AMR
�S

[+
	CF� ��$e��

���� Linux �� ��QR�
�S

[+��M?��D�?��D�`~�� binary 	d���
����]ED+�"A
[+��SG�+ 
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cross-tool @ �?CFH�?]" directory /usr/local/bin (	d���
� Red Hat Linux \D��$b" distribution �QR"q 
G�+ Linux ��@@ �?CFAMR directory AMR�
�
F�+���`$) 
 
2. download source code E
%��""�h�"������ µClinux 

 

 	����\ download source code A
[+��SG�+� ��$e��

���� µClinux AMR��M?��F� µClinux-
dist �����E
"�F�	LS`SDAMR��h�`a
� http://www.µClinux.org/pub/µClinux/dist/ #S?H�?]" µClinux-
dist �MA
[+	F�"AMR�$b" source code G�+ µClinux kernel �����E
"
F�+q (

[+�
F 2.0 � 2.6 ]"$*@@L�
"), 
source code G�+��������E
R"
F�+qAMR�M]�D]ED+�"�?CF�"� ��$e��

���� µClinux, `~�� config 

F�+q 	d���
��d��"S�F�]�D�
�� ���������
������)*+

��
F� ���, ���`$\Y+ uClibc aYR+�$b" 
library H�T� C 	d���
�Ad�+�"�
�� ��$e��

���� µClinux �$b"
D" µClinux-dist AMR download ��
`SD@ �M�C$����$b"`~�� zip aYR+@ 
D�+Ad�������? zip ]	F`�D]" directory ]Sq �h`SD
��
D�+���
�F�"@ ���R����`�����  build image G�+� ��$e��

���� µClinux 
F�`$ ��
+@�����? zip G�+ 
µClinux-dist ��M?��D�?��D�@ ���F�H�?]" µClinux-dist $� ���SD�? directory 
F�+q S
+"M[ 
 

-  /bin  �$b" directory AMR������ utility 
F�+q ]"�
�T� G�+`~�� binary 	d���
�]ED+�"
�"� ��$e��

���� µClinux 

-  /Documentation �$b" directory G�+���	��
F�+q 	d���
�]ED+�"� ��$e��

���� 
µClinux 

-  /config �$b" directory AMR��h�`~�� configuration 	d���
���������E
R"
F�+q AMRAd�+�"�" 
usermode G�+� ��$e��

���� µClinux 

-  /freeswan �$b" directory G�+��������E
R" IPSec AMR]ED+�"�"� ��$e��

���� µClinux 
-  /glibc �$b" directory AMR��h� library aYR+"d���@�� glibc G�+� ��$e��

���� Linux ��QR�]ED

�$b" library �	���]"������`�����  build ��������E
R" 
-  /lib �$b" directory AMR��h� library �	����QR"q ("����"Q�@�� uClibc) 	d���
�]ED]"���

���`�����  build ��������E
R" 
-  /linux-2.0.x �$b" directory AMR��h� source code 	d���
� kernel �����E
" 2.0 G�+

� ��$e��

���� µClinux 
-  /linux-2.4.x �$b" directory AMR��h� source code 	d���
� kernel �����E
" 2.4 G�+

� ��$e��

���� µClinux 
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-  /linux-2.6.x �$b" directory AMR��h� source code 	d���
� kernel �����E
" 2.6 G�+
� ��$e��

���� µClinux 

-  /uClibc �$b" directory G�+ library uClibc 
-  /tools �$b" directory AMR��h� utility 
F�+q 	d���
����
�S

[+ ROM file system �+�"� ��

�������
������)*+

� 
-  /user �$b" directory AMR��h� source code G�+��������E
R"A
[+��SAMR�M]ED+�"�?CF�"

� ��$e��

���� µClinux 
-  /vendors �$b" directory AMR��h�`~�� configuration ��  script ���R�
D"���Ad�+�" 	d���
�

� ���������
������)*+

�$� �HA
F�+q 
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+@��Ad�������`�����  build image G�+� ��$e��

���� µClinux 	d���h@��D�@ �M directory 
H�?]" µClinux-dist ���R�GY["�M� 2 directory S
+"M[ 
 

-  /romfs �$b" directory AMR��h�#��+	�D�+G�+ rom file system ���`�D aYR+�$b"#��+	�D�+G�+ 
directory �� `~��
F�+q AMR@ ���SGY["@��+��
+@��AMRAd�����CA� ��$e��
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Ad�+�"�
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directory "M[]"���
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F�+q 
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���� µClinux ��QR�`�F]�D�MGD�B�S���S���SGY["� ��F�+AMR
� ��$e��
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������)*+
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���D�#��+	�D�+G�+ 
rom file system H�?]"� ��$e��

���� µClinux @ ��D�?��Y+�
�#��+	�D�+ file system H�?]"
� ��$e��

���� Linux ��Q��A
[+��S 	F+B�]�D	H����S�D�����Ad�+�"G�+� ��$e��

������ 
��������E
R"
F�+q H�?]"� ��$e��

���� µClinux `�F�
�
F�+@��� ��$e��

���� Linux ���
"
� BCD]ED+�"AMR��?]ED� ��$e��

���� Linux ���F�"@Y+	����\]ED+�"� ��$e��

���� µClinux `SD
�$b"�?F�+SM 

-  /images �$b" directory 	d���
���h�`~�� image G�+� ��$e��

���� µClinux AMR build 
	d���h@��D����`�D aYR+#S?A
R�`$\D��� ��"���]"��� build image 	d���h@��SAL�G
["
�"@ $���e
`~��H�?]" directory "M[ 4 `~���Q� image.bin, linux.data, linux.text, ��  romfs.img #S?`~�� 
image.bin �Q�`~�� image G�+� ��$e��

���� µClinux AMR@ 
D�+"d�`$
�S

[+�+�"� ��
�������
������)*+

�
F�`$ 
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3. �
:M��	��� build image E
%��""�h�"������ µClinux >T�;��" NBC board 

 
3.1 Ad�����d��"S�F�
F�+q G�+ kernel �� ��������E
R"
F�+q G�+� ��$e��

���� 

µClinux 
 
 �F�"AMR@ ���R�
D"���`�����  build image G�+� ��$e��

���� µClinux 	�R+	d��
NAMR	LSAMR

D�+Ad��$b"	�R+����Q�����d��"S�F�
F�+q G�+ kernel G�+� ��$e��

���� µClinux ]�D
�+�
�
� ���������
������)*+

�AMR�M�?CF ��QR�]�D� ��$e��

���� µClinux 	����\Ad�+�"�
�� ��
�������
������)*+

�"
["q `SD�?F�+\C�
D�+ "��@��]"	F�"G�+ kernel G�+� ��$e��

���� 
µClinux ��D��M�	F�"�"YR+AMR@d��$b"
D�+�d��"S�F�
F�+q ]�D\C�
D�+�h�Q�  ��������E
R"	d���
�]ED+�"
�"� ��$e��

���� µClinux aYR+]"$*@@L�
"�"� ��$e��

���� µClinux �M��������E
R"]�D��Q��]ED
+�"�����? 	d���
�+�"]"���?q SD�" S
+"
["BCD]ED@Y+
D�+��Q����������E
R"AMR
D�+����� 
�d��"S�F�
F�+q 	d���
���������E
R""
["q ]�D\C�
D�+ ��QR�]�D��������E
R"	����\Ad�+�"�"
� ��$e��

���� µClinux `SD�?F�+	��C���  
 

	d���
���PM���]"����d��"S�F�
F�+q A
[+]"	F�"G�+ kernel �� ��������E
R"G�+
� ��$e��

���� µClinux  ]�D
�+�
�� ���������
������)*+

�AMR�M�?CF"
R" 	����\Ad�`SD#S?]ED
�d�	
R+ make menuconfig aYR+��
+@��$��"�d�	
R+"M[�+`$�" command prompt AMREM[`$?
+ directory 
G�+ µClinux-dist ��D�@ $���e�$b" GUI GY["��]�D���	����\�d��"S�F�
F�+q `SD	 S��?�R+GY[" S
+
�C$AMR 1 
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F��J����PI �1  �	S+��"C]"�
�T�  GUI AMR]ED�d��"S�F�
F�+q ]�D�
�� ��$e��

���� µClinux  
                              ��
+@��]ED�d�	
R+ make menuconfig 
 
@����"C��
�]"�C$AMR 2 "M[@ ���F��M��"C?F�?]�D��Q���M� 2 ��"C �Q� 
 

- Vendor/Product Selection �$b"��"CAMR]ED	d���
���Q�� platform G�+� ���������
���
���)*+

�]�D
�+�
"��Q�]�D]��D��M?+�
�� ���������
������)*+

�AMR����M�?CF aYR+]"$*@@L�
"
� ��$e��

���� µClinux ��+�
����Ad�+�"�
�� ���������
������)*+

����? platform �� 
���?���T
ABCDB��
 #S?	����\
��@	���F�AMR�?CF]"`~�� configuration �� `~�� script 
F�+q 
	d���
��
F�  platform `SD@�� directory /vendors/platform H�?]" µClinux-dist `SDA
"AM 	d���
�
�����Q�� platform G�+� ���������
������)*+

�H�?]"��"C"M[]�D
�+��Q�]��D��M?+�
�� ��
�������
������)*+

�AMR����M�?CF �h��QR�AMR@ `SD"d��F�AMR�d��"S�?CFH�?]"`~�� configuration ��  
script 
F�+q A
[+��SG�+ platform S
+��F����]ED�$b"�F����R�
D"]�D�
� kernel, ��������E
R"��
�q 
��  environment 
F�+qG�+� ��$e��

���� µClinux 	d���
�� ���������
������)*+

�G�+��� 
S
+"
["?�R+�����Q�� platform H�?]"��"C"M[]�D
�+��Q�]�D]��D��M?+�
�� ���������
������)*+

�
G�+�������AF�`��F�h@ ?�R+EF�?]�D���	����\�d��"S�F�
F�+q G�+� ��$e��

���� µClinux ]�D
�+
�
�� ���������
������)*+

�G�+���`SD	 S�����?�R+GY["�AF�"
[" @��AMR��F����GD�+
D"]"���MAMR
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`�F	����\���F�]"��"C"M[AMR@ ]ED�d��"S]�D
�+�
� platform G�+� ���������
������)*+

�AMR�M
�?CF`SD ]�D��Q����� platform AMR�M�
�T� ]��D��M?+�
�AMR
D�+���]�D���AMR	LS aYR+��
+@��
��@	��]"
��"C"M[��D����F�`�F�M platform Samsung S3C4530A ]�D��Q��#S?
�+ @Y+��Q��]ED platform Samsung 
S3C4510B AMR�M]�D��Q���?CFH�?]"��"CS
+��F���A" �"QR�+@�� platform "M[�M�
�T� ]��D��M?+�
� 
Samsung S3C4530A ���AMR	LS S
+�	S+]"�C$AMR 2  
 

 
 

F��J����PI �2  �	S+����d��"S�F�H�?]"��"C  Vendor/Product Selection 	d���
� NBC board 
 

 ���	����\
��@	������d��"S�F�
F�+q G�+ platform Samsung S3C4510B ��QR��$b"
�"�A�+]"����d��"S�F�]�D�
� platform Samsung S3C4530A `SD@��`~��
F�+q H�?]" directory 
/vendors/Samsung/4510B S
+"M[ 
 
 - config.linux-2.4.x �$b"`~�� configuration AMR�d��"S�F��Q["c�"
F�+q ]" kernel G�+
� ��$e��

���� µClinux 	d���
� platform "
["q 
 -  config.vendor-2.4.x �$b"`~�� configuration AMR�d��"S��������E
R"���R�
D"aYR+
D�+���
"d�`$]ED+�"�"� ��$e��

���� µClinux 	d���
� platform "
["q #S?��������E
R"AMR�d��"S�?CF]"
`~��"M[@ `SD�
���� build ����?CFH�?]" image G�+� ��$e��

���� µClinux #S?�

#"�

� 
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 -  rc �$b"`~�� script 	d���
����R�
D"���Ad�+�"G�+� ���������
������)*+

� platform 
"
["q aYR+#S?$�
�`~��"M[@ 
D�+"d�`$
�S

[+�?CF]" directory /etc H�?]" ROM file system (romfs) 
G�+� ��$e��

���� µClinux #S?� ��$e��

���� µClinux @ ��M?��d�	
R+
F�+q AMR�?CF]"`~�� rc 
GY["��Ad�+�"A
"AM��
+@��AMR� ��$e��

���� µClinux 	����\ boot GY["��Ad�+�"�"� ��
�������
������)*+

�"
["q ��M?��D�?��D� aYR+�d�	
R+
F�+q S
+��F��@ Ad��"D�AMR�d��"S�F���Q�
Ad�+�"��+�?F�+��QR�EF�?]�D� ���������
������)*+

� 	����\���R�
D"���Ad�+�"`SD�?F�+\C�
D�+
���\D�"�� ��D��	d���
����Ad�+�" �EF" �d��"S��"�A����~	 loop back �� ��M?���"�A����~	
S
+��F��]�D���R�
D"Ad�+�", ��M?��a�����	 dhcpd GY["��Ad�+�"��QR��d��"S IP address ]�D�
�
��"�A����~	 Ethernet G�+� ���������
������)*+

�"
["q , mount file system 
F�+q AMR
D�+���
#S?�

#"�

� �$b"
D" aYR+\D����
D�+���]�D�M���Ad�+�"��Q��d��"S�F�]Sq ���R��
����QR�]�D� ��
�������
������)*+

� 	����\���R�
D"���Ad�+�"`SD�?F�+\C�
D�+���\D�" ���	����\�GM?"�d�	
R+
G�++�"S
+��F��]	F�+]"`~�� rc G�+� ���������
������)*+

� platform "
["q `SDA
"AM 
 -  config.arch �$b"`~�� configuration AMR�d��"S�
�T� �s�� ��+�?F�+G�+ platform "
["q 
��QR�EF�?]"������`�����  build image G�+� ��$e��

���� µClinux ]�D���� 	��
� platform 
S
+��F�� 
 -  config.modules \D��M����d��"S module ����TAMR"����"Q�@��AMR� ��$e��

���� 
µClinux @
S�
�M?�`�D]�D ����d��"S�F�G�+ module S
+��F��	d���
� platform "
["q @ ��h����`�D]"
`~��"M[ 
 - config.uClibC �$b"`~�� configuration AMR�d��"S�F��Q["c�"
F�+q G�+ library uClibc ]�D

�+�
� platform "
["q 

- inittab �$b"`~�� script AMR]ED]"����d��"S�F����R�
D"G�+#$��a	
F�+q ]�D	����\���R�
D"
���Ad�+�"�"� ��$e��

���� µClinux `SD�?F�+\C�
D�+	d���
� platform "
["q aYR+#S?$�
�`~��"M[
@ 
D�+"d�`$
�S

[+�?CF]" directory /etc H�?]" romfs G�+� ��$e��

���� µClinux  
 - Makefile �$b"`~��AMR�M instruction 
F�+q 	d���
�]ED]"��� build romfs ��  image G�+
� ��$e��

���� µClinux ]�D
�+�
� platform "
["q "��@��"M[?
+�M instruction AMR]ED]"����d��"S 
directory �� 
�S

[+`~�� script 
F�+q (rc, inittab) �+]" romfs G�+� ��$e��

���� µClinux �M�
SD�? #S?@ �M�����M?�]ED+�" Makefile "M[]"G
["
�"G�+��� build romfs ��  build image G�+
� ��$e��

���� µClinux aYR+@ ��F��\Y+
F�`$ 
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 ����d��"S�F�G�+ vendor ��  product H�?]"��"C Vendor/Product Selection ]�D\C�
D�+
�� ]��D��M?+�
� platform AMR����M@ EF�?]�D���	����\]ED�F�AMR�d��"S�?CF]"`~�� configuration 

F�+q ���\Y+`~�� script A
[+��SG�+ platform "
["q ��]ED�
� platform G�+���`SDA
"AM #S?`�F
D�+
��D`G���"
� 
 

-  Kernel/Library/Defaults Selection �$b"��"CAMR]ED]"�����Q�������E
"G�+ kernel G�+
� ��$e��

���� µClinux AMR
D�+��� ���A
[+]ED��Q�� library 	d���
�������`�����  build image 
G�+� ��$e��

���� µClinux ]"G
["
�"
F�q `$ "��@��"M[?
+�M

���Q��AMR]ED	d���
��d��"S�F�
��+�?F�+S
+"M[ 
 

-  Default all settings (lose changes) �$b"����d��"S�F�@ ]ED�F�
F�+q 
��AMR�d��"S���`�D
]"`~�� configuration G�+ Vendor/Product AMR��Q�����`�D]"��"C�F�"�"D�"M[��Q�`�F 

-  Customize Kernel Settings (NEW) �$b"����d��"S�F�@ Ad����$�
��
F+�� ��D`G�F�

F�+q H�?]" kernel G�+� ��$e��

���� µClinux SD�?
"��+��Q�`�F 

-  Customize Vender/User Settings (NEW) �$b"����d��"S�F�@ Ad����$�
��
F+
��?� ��M?S
F�+q G�+��������E
R"��  library �	����QR"q AMR
D�+���"d�`$]ED+�"�"
� ��$e��

���� µClinux SD�?
"��+��Q�`�F 

-  Update Default Vendor Settings (NEW) �$b"����d��"S�F�
D�+����
"AY����
�$�MR?"�$�+A
[+��SAMR���SGY["� ��F�+����d��"S�F�]�D�
� kernel �� ��������E
R"
F�+q G�+
� ��$e��

���� µClinux �+]"`~�� configuration 
F�+q G�+ vendor ��Q� product 
��AMR��Q��`�D
]"��"C Vendor/Product Selection ��Q�`�F (Samsung S3C4510B)  
 
]"AMR"M[@ ��Q��]ED kernel G�+� ��$e��

���� µClinux �����E
" 2.4 �� �d��"S]�D uClibc �$b" 
library ��
�AMR]ED]"������`�����  build 	F�"
F�+q G�+� ��$e��

���� µClinux "��@��"M[?
+
@d��$b"
D�+�d��"S]�D	����\$�
��
F+�� ��D`G�F�
F�+q H�?]" kernel �� ��������E
R"A
[+��S
`SDSD�?
"��+ #S?@ `�F]ED�F�
��AMR�d��"S�?CF]"`~�� configuration 	d���
� platform Samsung 
S3C4510B ]"���"d�`$]ED�
� platform Samsung S3C4530A A
[+��S �"QR�+@����?� ��M?SH�?]" 
platform A
[+ 2 ����M�����
�
F�+�
"��	���� A
[+"M[��QR�]�D image G�+� ��$e��

���� µClinux 
AMR build 	d���h@�����	����\"d�`$]ED+�"�
� NBC board `SD�?F�+\C�
D�+ aYR+�C$������
�d��"S�F�
F�+q H�?]"��"C"M[�$b"S
+�C$AMR 3 
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F��J����PI �3  �	S+����d��"S�F�H�?]"��"C Kernel/Library/Defaults Selection 
 

@���C$AMR 3 ���F�`SDAd�����d��"S�F�]�D�
�

���Q�� Update Default Vendor Settings 
��QR�]�DAd�����
"AY�����$�MR?"�$�+
F�+q AMR���SGY["]"� ��F�+����d��"S�F�]�D�
� kernel �� 
��������E
R"A
[+��SG�+� ��$e��

���� µClinux 	d���
� NBC board �+]"`~�� configuration 

F�+q G�+ platform Samsung S3C4510B 
��AMR��Q�����`�D]"��"C�F�"�"D�"M[ (Vendor/Product 
Selection) ��QR�]ED�$b"`~�� configuration G�+ NBC board #S?�s��  aYR+	����\"d�`$]ED+�"`SD]"
��
[+
F�`$ 

  
 ��
+@��AMR`SD�d��"S�F�]�D�
���"CA
[+��SAMR��F��GD�+
D"�$b"AMR��M?��D�?��D� ]�D��Q��`$AMR 
Exit �"��"C��QR����@����"C"M[ ��QR�Ad������Q�� Exit ��M?��D�?@ �M��"CGY["��?Q"?
"�F�
D�+����
"AY�
����d��"S�F�A
[+��S]"��"C Vendor/Product Selection �� ��"C Kernel/Library/Defaults 
Selection ��Q�`�F \D�����d��"S�F�
F�+q ]"��"CA
[+ 2 "M[\C�
D�+�h]�DAd�����
"AY����`�D#S?��Q�� 
Yes ��QR�@ `SD]ED�F����F�"M[]"������`�����  build image G�+� ��$e��

���� µClinux ]"
G
["
�"
F�`$ �
F\D�����d��"S�F�AMRAd�`$?
+`�F\C�
D�+�h	����\��Q�� No ��QR����@����"C#S?`�F�M
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����
"AY��F�]Sq A
[+	�[" �� BCD]ED+�"	����\���R�
D"����d��"S�F�AMR
D�+���`SD]��F�M���
[+ S
+�C$
AMR 4 
 

 
 

F��J����PI �4  �	S+��"CAMR$���eGY["��?Q"?
"����
"AY��F�AMR`SD�d��"S]�D�
���"C�F�"�"D�"M[ 
 
 ��
+@���
"AY��F�
F�+q ]"��"CAMRBF�"����M?��D�?��D� ]"���MAMR����d��"S�F�]�D�
�


���Q�� Customize Kernel Settings (NEW) AMR��"C Kernel/Library/Defaults Selection ���`�D @ Ad�
]�D�M��"CAMR]ED	d���
��d��"S�F�
F�+q ]�D�
� kernel G�+� ��$e��

���� µClinux $���eGY[" aYR+���
	����\]ED��"C"M[�d��"S��?� ��M?SG�+ kernel 
��AMR���
D�+���`SDSD�?
"��+ S
+�C$AMR 5 
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F��J����PI �5  �	S+��"CAMR]ED]"����d��"S�F�]�D�
� kernel G�+� ��$e��

���� µClinux 
 

 @����"CAMR�	S+]"�C$AMR 5 ���F�$� ���SD�?��"C?F�?���?��"C 	d���
��d��"S�F�]"SD�"

F�+q ]�D�
� kernel G�+� ��$e��

���� µClinux �EF" ��"C?F�? Network device support ]ED�d��"S 
driver G�+�L$���� network ]�D\C�
D�+
�+�
�AMR�M�?CF�"� ���������
������)*+

�, ��"C?F�? 
Character devices ]ED�d��"S driver ]�D�
� serial port 	d���
�
F��GD��
� console ��QR��	S+B����
Ad�+�"G�+� ��$e��

���� µClinux A�+�"D�@��������
��� �$b"
D" #S?G
["
�"]"���
�d��"S�F�
F�+q ]�D�
� kernel G�+� ��$e��

���� µClinux ��QR�"d�`$]ED+�"�
� NBC board �$b"
S
+"M[ 
 

3.1.1 G
["
�"����d��"S�F�]�D�
� kernel G�+� ��$e��

���� µClinux 	d���
�"d�`$]ED
+�"�
� NBC board 
 

���R�
D"��QR���"C	d���
��d��"S�F�
F�+q ]�D�
� kernel G�+� ��$e��

���� µClinux $���e
GY["�� (H��B"��AMR 5) ���F�H�?]"��"C?F�?q G�+��"CS
+��F��@ �M����d��"S�F����R�
D"���`�D]�D
�?CF��D� aYR+�F����R�
D"���F�"M[�h�Q��F�AMR�?CF]"`~�� configuration config.linux-2.4.x G�+ vendor ��Q� 
product AMR���`SDAd������Q�����`�D

[+�
F]"��"C Vendor/Product Selection aYR+]"AMR"M[�h�Q� Samsung 
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S3C4510B #S?���	����\]ED�F����R�
D"���F�"M[��+�F�	d���
� NBC board `SDA
"AM#S?`�F
D�+
�$�MR?"�$�+ �
F�h�M��+�F�AMR
D�+Ad�����$�MR?"�$�+��QR�]�D`SD kernel G�+� ��$e��

���� µClinux 
AMR���� 	�	d���
� NBC board aYR+����d��"S�F�
F�+q ]�D�
� kernel G�+� ��$e��

���� µClinux 
�MG
["
�"��
�q S
+"M[ 
   

3.1.1.1  �d��"SE"�SG�+� ���������
������)*+

� 
 
 ]"����d��"S�F�
F�+q ]�D�
� kernel G�+� ��$e��

���� µClinux "
[" 	�R+���AMR
D�+Ad��h
�Q���Q��E"�SG�+� ���������
������)*+

�]�D
�+�
�AMR�M�?CF ]"���MAMR`�F�ME"�SG�+� ��
�������
������)*+

�
�+�
�AMR���
D�+��� ]�D��Q��`$?
+� ���������
������)*+

�AMR]ED 
microcontroller ����SM?��
�AMR� ���������
������)*+

�G�+���]ED�?CF \D�`�F�M]�D��Q��A
[+� ��
�������
������)*+

�
��AMR���
D�+����� � ���������
������)*+

�AMR]ED microcontroller 
����SM?��
�� ���������
������)*+

�AMR����M�?CF BCD]ED+�"@d��$b"	�D�+`~�� configuration �� 
���R��
����?� ��M?S
F�+q 	d���
�� ���������
������)*+

�"
["q �+`$?
+ µClinux-dist SD�?

"��+ �
F#S?	F�"]�NF� ���������
������)*+

���  microcontroller ��Q��AL��C$���AMR�M]ED
+�"�
"�?CF]"$*@@L�
" @ �M]�D��Q��]ED+�"H�?]" µClinux-dist �?CF��D� 
 
 

���Q��H�?]"��"C System Type AMR]ED]"����d��"S� ���������
������)*+

�AMR

D�+����Q� Board Implementation #S?��QR��GD�`$]"

���Q��S
+��F��@ ���F��M� ���������
���
���)*+

����?���]�D��Q�� �
FA
[+��S@ �$b"� ���������
������)*+

�AMR]ED microcontroller 
G�+ Samsung A
[+	�[" �� �F����R�
D"AMR��Q�����`�D@ �$b" S3C4510-SNDS100 
���F�AMR���`SD�d��"S
���`�D]"��"C�F�"�"D�"M[ (
���F�]"��"C Vendor/Product Selection) ��
+@��
��@SC��?EQR�G�+
� ���������
������)*+

�A
[+��SAMR�M]�D��Q�� ���F�`�F�M NBC board ]�D��Q��`SD#S?
�+ @Y+
D�+
��Q��� ���������
������)*+

�AMR]ED microcontroller ����SM?��
�AMR�M�?CF�" NBC board 
(Samsung S3C4530A) S
+"
["@Y+��Q������ ���������
������)*+

� S3C4530A-HEI aYR+]ED 
microcontroller Samsung S3C4530A ���Q�"�
� NBC board S
+�C$AMR 6 
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F��J����PI �6  �	S+�����Q��� ���������
������)*+

� S3C4530A-HEI AMR]ED  
                                        microcontroller ���Q�"�
� NBC board 
  
 "��@��

���Q�� Board Implementation H�?]"��"C System Type ?
+�M

���Q��?F�?�M� 2 


���Q��AMR���
D�+�d��"S�F�]�D\C�
D�+ �Q� 

���Q�� Kernel executes from 	d���
�]ED�d��"S�F� 
kernel G�+� ��$e��

���� µClinux @ Ad�+�"AMR`�" (ROM/RAM) 	d���
� NBC board @ 
�d��"S�F�]"

���Q��"M[]�D�$b" RAM �M�

���Q��AMR
D�+�d��"S���R��
���Q�

���Q�� Set flash/sdram 
size and base addr aYR+��QR������Q��AMR

���Q��"M[@ $���e

���Q��?F�?GY["��]�D����d��"SG"�S��  
address ���R�
D"G�+ flash ��  sdram 	d���
� microcontroller AMR����M �
F@ ���F��F�G�+

���Q��
S
+��F��`SD�
�����d��"S���`�D��D�
��� ���������
������)*+

�AMR���`SD��Q�����`�D]"��"C 
Board Implementation �F�"�"D�"M[ S
+"
["���	����\]ED�F�AMR�d��"S���`�D#S?�

#"�

����F�"M[`SD
A
"AM  ��
+@��AMR`SD�d��"S�F�]�D�
�

���Q��AMR@d��$b"]"��"C System Type ��M?��D�?��D� @ `SDS
+�C$
AMR 7 
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F��J����PI �7  �	S+����d��"S�F�
F�+q H�?]"��"C System Type 	d���
� NBC board 
 
��
+@���d��"S�F�H�?]"��"C?F�? System Type 
��AMR
D�+�����M?��D�?��D�G
["
�"
F�`$�Q�Ad�
����d��"S driver AMR@ ]ED�
��L$������  controller 
F�+q AMR�M�?CFH�?]" microcontroller �� �"
� ���������
������)*+

�]�D\C�
D�+ ��QR�]�D�L$������  controller ���F�"
["Ad�+�"`SD�?F�+�M
$� 	�AP�H�� 
 

3.1.1.2  �d��"S driver ]�D�
��L$����
F�+q H�?]" NBC board 
 
 "��@��	F�"G�+ System Type #S?���G�+� ���������
������)*+

�AMR���
D�+
�d��"S]�D\C�
D�+
�+�
�� ���������
������)*+

�AMR����M��D� ���@d��$b"
D�+�d��"S driver 
]�D�
� controller �� �L$����
F�+q AMR�?CFH�?]" microcontroller �� �"� ���������
������)*+


�]�D\C�
D�+
�+�
�AMR�M�?CF�"� ���������
������)*+

�G�+��� ��QR�]�D controller �� �L$����
���F�"
["	����\Ad�+�"`SD�?F�+�M$� 	�AP�H�� 
 
 	d���
� NBC board �M controller AMR	d��
N 2 

�aYR+�?CFH�?]" microcontroller Samsung 
S3C4530A �Q� controller G�+ Ethernet 10/100 mbps ��  controller G�+ UART 	d���
� serial 
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port #S?@ 
D�+
�S

[+ driver 	d���
� controller ���F�"M[]�D\C�
D�+��QR�]�D���Ad�+�"G�+ controller 
S
+��F���$b"`$�?F�+�M$� 	�AP�H�� ��PM���]"����d��"S�F� driver ]�D�
� controller A
[+ 2 �$b"S
+"M[ 
 

1)  �d��"S driver ]�D�
� controller G�+ Ethernet 10/100 mbps 
 
 @����"C��
�	d���
�����d��"S�F�]"SD�"
F�+q ]�D�
� kernel G�+� ��$e��

���� 
µClinux ]�D��Q��`$AMR

���Q�� Network device support ---> @ $���e�$b"��"C?F�?	d���
�]�D��Q��
�L$�����"h
���������
F�+q S
+�C$AMR 8 
 

 
 

F��J����PI �8  �	S+

���Q��
F�+q H�?]"��"C Network device support 
 
]"���MAMR`�F$���e��?���G�+�L$�����"h
������]�D��Q��S
+�C$AMR 8 ]�DAd������Q��AMR

���Q�� 
Network device support �F�" @Y+@ $���e��?���G�+�L$�����"h
������A
[+��SGY["��]�D���Ad����
��Q��`SD �"QR�+@�� controller H�?]" microcontroller Samsung S3C4530A �$b" controller 	d���
� 
Ethernet 10/100 mbps S
+"
["���@ Ad������Q��AMR��"C?F�? Ethernet (10 or 100Mbit) ---> ��
+@��AMR
��Q����"CS
+��F����D� (Ethernet (10 or 100Mbit) --->) @ $���e��"C?F�?	d���
���Q�� driver ]�D

�+�
� controller G�+��� S
+�C$AMR 9 
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F��J����PI �9  �	S+��"CAMR]ED]"�����Q�� driver ]�D���� 	��
� controller G�+ Ethernet 10/100  
                            mbps H�?]" microcontroller Samsung S3C4530A 
 
 @����"C]"�C$AMR 9 @ $���e��?EQR�G�+ driver 	d���
� controller �� �L$�����"h
������
��� Ethernet 10/100 mbps A
[+��S @����?EQR����F�"M[@ Ad������Q��AMR

���Q�� Samsung 
S3C4530A Embedded Ethernet support S
+�	S+]"�C$AMR 9 ��QR�]�D���� 	��
� microcontroller 
H�?]" NBC board G�+��� 	d���
�

���Q��S
+��F��@ $���eGY["��+#S?�

#"�

���QR�����d��"S�F�
G�+ Board Implementation H�?]"��"C System Type ]�D�$b" S3C4530-HEI S
+AMR`SD��F��`$��D�
]"�
�GD� 3.1.1.1  
 

"��@�������Q��AMR

���Q�� Samsung S3C4530A Embedded Ethernet support 	d���
�
�d��"S driver ]�D���� 	��
� controller G�+ Ethernet 10/100 mbps AMR�?CFH�?]" microcontroller 
Samsung S3C4530A ��D� @ 
D�+Ad�����d��"S�F� MAC address ]�D�
� controller S
+��F�� ��QR�]ED
�	�Q�"�$b" ID ���R�
D"G�+ controller "
["q ]"���Ad�+�"�"���Q�GF�? Ethernet aYR+����d��"S�F� 
MAC address ���`�D @ EF�?]�D�a�����	 dhcpd AMR@ ���R�Ad�+�"��
+@��� ��$e��

���� µClinux 
�CAGY["��Ad�+�"�" NBC board ��M?��D�?��D� 	����\�d��"S IP address AMR���� 	�]�D�
� 
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controller S
+��F��`SD�?F�+\C�
D�+ Ad�]�D� ��$e��

���� µClinux ��  ��������E
R"A�+SD�"
�"h
������A
[+��SAMR�?CF�" NBC board 	����\]ED��"�A����~	G�+ controller "M[]"���Ad�+�"
A�+SD�"�"h
������AMR
"��+�
�B�SE��`SD
F�`$ 
 

2)  �d��"S driver ]�D�
� controller G�+ UART 	d���
� serial port 
 
 @����"C��
�	d���
�����d��"S�F�]"SD�"
F�+q ]�D�
� kernel G�+� ��$e��

���� 
µClinux ]�D��Q��`$AMR

���Q�� Character devices ---> @ $���e��"C?F�?	d���
�]�D��Q�� driver G�+ 
Character device ���
F�+q S
+�C$AMR 10 

 

 
 

F��J����PI �10  �	S+��"CAMR]ED]"�����Q�� driver ]�D���� 	��
� Character device AMR
D�+��� 
 

 @����"CAMR�	S+]"�C$AMR 10 @ Ad������Q��AMR

���Q�� Samsung S3C4530A serial ports 
support ��QR�]�D���� 	��
� controller G�+ UART 	d���
� serial port AMR@ ]ED
F��GD��
� console 
��QR��	S+B����Ad�+�"G�+ NBC board ���A�+�"D�@��������
��� #S?

���Q��S
+��F��@ 
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$���eGY["��#S?�

#"�

���QR�����d��"S�F�G�+ Board Implementation H�?]"��"C System Type 
]�D�$b" S3C4530-HEI S
+AMR`SD��F��`$��D�]"�
�GD� 3.1.1.1  
 
 �"QR�+@���" NBC board `SD@
S�
�M?� UART ���`�D]�D 2 channel aYR+ channel ���]ED
F�
�GD��
� console ]"G� AMR�M� channel `�D
F��GD��
� modem #S?]"AMR"M[@ ]ED�s��  channel 	d���
�

F��GD��
� console ��QR�]ED�
� input �� �	S+ output #
D
���
�BCD]ED+�"BF�"�"D�@�G�+
�������
����AF�"
[" aYR+
D�+�d��"S]"

���Q�� Serial console device ]�D\C�
D�+�F�@ ]ED channel ]S
]"���Ad��"D�AMRS
+��F�� @��GD��C�AMR`SD��F�����F�"�"D�"M[@Y+��Q�� UARTA ]�D�
�

���Q��"M[ 
"��@�� channel AMR
D�+�d��"S]�D\C�
D�+��D� ������h�]"���G"	F+GD��C��h�$b"�M�	F�"AMR@ 
D�+
Ad�����d��"S�F����`�D #S?]"AMR"M[@ �d��"S������h�]"���G"	F+GD��C����`�DAMR 19200 bit/��"�AM 
aYR+�F�S
+��F��@ 
D�+"d�`$�d��"S]�D�
���������E
R"�"���QR�+�������
���AMR]ED]"���
�S
F��
� 
NBC board ��QR�]�D����
�	F+GD��C�� ��F�+ NBC board �� ���QR�+�������
����$b"`$�?F�+\C�
D�+ 
	d���
�����d��"S�F�
F�+q 
��AMR`SD��F��`$ @ �$b"S
+�C$AMR 11 

 

 
 

F��J����PI �11  �	S+����d��"S�F�
F�+q ]�D�
� controller G�+ UART H�?]" microcontroller  
                               Samsung S3C4530A 
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 @������d��"S�F�]�D�
� controller G�+ Ethernet 10/100 mbps ��  controller G�+ UART 
aYR+�?CFH�?]" microcontroller Samsung S3C4530A ���F�\D�Ad�����d��"S�F�G�+ Board 
Implementation H�?]"��"C System Type ]�D
�+�
�� ���������
������)*+

�AMR����M�?CF��Q�]�D
�$b"� ���������
������)*+

�aYR+]ED+�" microcontroller ����SM?��
�� ���������
������
)*+

�G�+��� @ Ad�]�D

���Q��G�+ driver 	d���
� controller �� �L$����
F�+q AMR�?CFH�?]" 
microcontroller �� � ���������
������)*+

�"
["q $���eGY["��
����"C
F�+q #S?�

#"�

�  
 

S
+"
["\D�]"��"C?F�? Board Implementation H�?]"��"C System Type `�F�M

���Q��]SAMR
�+
�
�� ���������
������)*+

�AMR����M�?CF���\Y+`�F�M

���Q��]SAMR]ED microcontroller 
�+�
�� ��
�������
������)*+

�G�+��� BCD]ED+�"@d��$b"
D�+�
!"��+��$� ���
F�+q 	d���
�� ��
�������
������)*+

�"
["q �GD�`$]" µClinux-dist SD�?
"��+ aYR+�+��$� ���S
+��F���MA
[+���
	�D�+�� ��D`G`~�� configuration, ����
!"� source code 	d���
����Ad�+�"����T��+�?F�+H�?]"
� ���������
������)*+

�"
["q , ���A
[+ driver G�+ controller �� �L$����
F�+q H�?]" 
microcontroller �� � ���������
������)*+

�"
["q AMR?
+`�F�M��+�
��?CFH�?]" µClinux-dist 
#S?����
!"��+��$� ���
F�+q ���F�"M[������R��Y�T�@�����	���CF�Q�G�+� ���������
������
)*+

�"
["q ��QR�]�DA���\Y+	F�"$� ����� �"D�AMR���Ad�+�"G�+	F�"$� ������F�"
["�?F�+
� ��M?S �� ]ED�����CDAMR`SD"M[`$�
!"��+��$� ���
F�+q (`~�� configuration AMR
�+�
�� ��
�������
������)*+

�, driver G�+�L$������  controller 
F�+q AMR�M�?CFH�?]"� ���������
���
���)*+

� �$b"
D") H�?]" µClinux-dist 	d���
�� ���������
������)*+

�"
["q 
F�`$ #S?
	����\"d��+��$� ���AMR�M�?CF��D�H�?]" µClinux-dist �� �M����]��D��M?+�
��+��$� ���AMR���

D�+����
!"�GY[" ��]ED�$b"
D"���`SD  

 
��
+@���d��"S driver AMR���� 	�]�D�
� controller 
F�+q H�?]" microcontroller 

Samsung S3C4530A G�+ NBC board ��D� G
["
�"
F�`$]"����d��"S�F�]�D�
� kernel G�+
� ��$e��

���� µClinux �h�Q� ����d��"S module ��  file system AMR@ ]ED+�"�"
� ��$e��

���� µClinux aYR+@ ��F��\Y+]"�
�GD�\
S`$ 
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3.1.1.3  �d��"S module ��  file system AMR@ ]ED+�"�"� ��$e��

���� µClinux 
 
 G
["
�""M[�$b"����d��"S module ����TAMR]ED�
�+�"�s�� �?F�+���R��
��@�� module ��
�AMR
�M�$b"��
�c�"�?CF��D�H�?]"� ��$e��

���� µClinux #S?���AMR kernel G�+� ��$e��

���� 
µClinux @ �M module ����T� `����R�GY["���D�+"
["GY["�?CF�
��
�T� �� �"D�AMR���Ad�+�"G�+
� ���������
������)*+

�AMR@ "d�� ��$e��

���� µClinux `$]ED+�"SD�?�$b"��
�   
 
 ��QR�
��@	����"C?F�?
F�+q AMR]ED]"����d��"S module ����T]�D�
� kernel G�+
� ��$e��

���� µClinux ���F�H�?]"��"C?F�?S
+��F���M����d��"S�F� module ����T��]�D�?CF��D�
#S?�

#"�

� 	d���
��F�AMR�d��"S���`�D��D����F�"M[`SD��@��`~�� configuration config.linux-2.4.x 
G�+ platform AMR���`SDAd������Q��`�D@����"C Vendor/Product Selection �F�"�"D�"M[ (Samsung 
S3C4510B) "
R"��+ aYR+���	����\]ED�F�AMR�d��"S]�D�
� module ����TH�?]"��"C?F�?
F�+q 	d���
� 
platform S
+��F���
� NBC board AMR����M�?CF`SDA
"AM #S?`�F
D�+$�
��$�MR?"� `����R��
�� ("��@��
���MAMR
D�+������R� module ����T]�D�
� kernel G�+� ��$e��

���� µClinux ��QR�Ad�+�"����T
��+�?F�+�" NBC board #S?�s�� ) �"QR�+@�� platform A
[+ 2 (Samsung S3C4510B ��  Samsung 
S3C4530A) �M�
�T� �� �"D�AMR���Ad�+�"AMR��D�?��Y+�
" �Q�`SD�
������������]�DAd�+�"
A�+SD�"�"h
�������"���Q�GF�? Ethernet A
[+ 2 platform S
+"
[" module ����TAMR���`SD�
�����d��"S
���R�GY["	d���
�A
[+ 2 platform @Y+
D�+�$b" module ����T]"��LF�AMR��MR?�GD�+�
�+�"A�+SD�"�"h
������ 
#S?module ����T]"��LF�S
+��F��@ �������?CFH�?]"��"C?F�? Networking options aYR+��QR��$�S��"C
?F�?"M[GY["�����F��M����d��"S�F�G�+ module ����T	d���
�+�"A�+SD�"�"h
��������+

����`�D�?CF
��D� S
+�C$AMR 12 
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F��J����PI �12  �	S+����d��"S�F�G�+ module ����TAMR��MR?�GD�+�
�+�"A�+SD�"�"h
������H�?]" 
                             ��"C?F�? Networking options 
 

 @���C$AMR 12 "M[���F� module ����TAMR�d��"S�?CFH�?]"��"CS
+��F��A
[+ Packet socket ��  
TCP/IP networking �D�"�
F�$b" module ��
�	d���
����	QR�	��GD��C��"���Q�GF�? Ethernet A
[+	�[" 
S
+"
["���@Y+@d��$b"
D�+��� module ����T���F�"M[�+]" kernel G�+� ��$e��

���� µClinux  AMR@ 
"d�`$]ED�
� NBC board SD�? ��QR�AMR�F���QR�Ad����
�S

[+� ��$e��

���� µClinux AMR�M module 
S
+��F���+`$?
+ NBC board ��M?��D�?��D� � ��$e��

���� µClinux @ EF�?Ad�]�D NBC board 
	����\Ad�+�"��+�
��
����	QR�	��GD��C��"���Q�GF�? Ethernet `SD�?F�+	��C��� 
 
 �
F]"��+��
[+��@@ 
D�+Ad�����d��"S module ����T���R��
��@��AMR�M����d��"S�?CF]"��"C
?F�?
F�+q 
��`~�� configuration config.linux-2.4.x G�+ platform AMR��Q�����`�D]"��"C 
Vendor/Product Selection �"QR�+@�� platform AMR�����Q�����`�D]"��"CS
+��F���M�
�T� �� �"D�AMR
���Ad�+�"`�F
�+�
� platform AMR����M�?CF@��+A
[+��S��Q������@@ 
D�+������R�����	����\
��+�?F�+]�D�
� kernel G�+� ��$e��

���� µClinux  ��QR�]�D� ��$e��

���� µClinux 	����\
��+�
�+�"����T��+�?F�+�"� ���������
������)*+

�G�+���`SD aYR+@�����M
F�+q ���F�"M[���
@Y+@d��$b"
D�+�d��"S module ����T��+�?F�+���R��
���GD�`$@��G�+�S��AMR�M�?CF��D� ��QR�]�D kernel 
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G�+� ��$e��

���� µClinux �M module ����T	d���
�Ad�+�"�"� ���������
������)*+

�G�+
����?F�+���\D�" aYR+@ Ad�]�D� ���������
������)*+

�"
["q 	����\Ad�+�"`SD�?F�+\C�
D�+�� 
�M$� 	�AP�H�� 
  
 "��@��	F�"G�+ module ����T
F�+q ��D� ����d��"S�F�AMR	d��
N�M��?F�+�"YR+H�?]" 
kernel G�+� ��$e��

���� µClinux �Q���QR�+G�+ file system AMR@ �d��"S]�D� ��$e��

���� 
µClinux ��+�
� ��QR�@ `SDAd�����d��"S�F�]�D�
� module AMR]ED	d���
�Ad�+�"�
� file system 
���F�"
[" �+`$?
+� ��$e��

���� µClinux #S?�

#"�

� 	d���
�����d��"S�F�E"�SG�+ file 
system AMR
D�+���]�D� ��$e��

���� µClinux 	����\Ad�+�"��+�
�`SD ]�D�GD�`$�d��"SAMR��"C?F�? 
File systems aYR+�?CFH�?]"��"C��
�	d���
�����d��"S�F�]"SD�"
F�+q ]�D�
� kernel G�+
� ��$e��

���� µClinux  #S?H�?]"��"C?F�?S
+��F��@ �M file system ���?E"�S]�D��Q�� S
+�C$AMR 
13 

 

 
 

F��J����PI �13  ��"C?F�? File systems ]ED	d���
��d��"SE"�SG�+ file system AMR
D�+���]�D 
                                   � ��$e��
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[+��S��D� ���@ 
D�+��Q��AMR$L{� Yes ��QR�Ad����
�
"AY��F����F�"M[���`�D	d���
�]ED]"G
["
�"G�+������`�����  build image G�+� ��$e��

���� 
µClinux 
F�`$ ���A
[+\D��F�"�"D�"M[���Ad�����d��"S�F�]�D�
�

���Q�� Update Default Vendor 
Settings (NEW) `�D �F�G�+��������E
R"
F�+q AMR����d��"S]�D
�S

[+�+�"� ��$e��

���� 
µClinux (��������E
R"AMR
D�+���]�D build ����?CF]" image G�+� ��$e��

���� µClinux) 	d���
�
"d�`$Ad�+�"�" NBC board ���F�"M[ @ `SD�
�����
"AY���h�`�D]"`~�� configuration 
config.vendor-2.4.x G�+ vendor ��Q� product AMR���`SDAd������Q��`�D]"��"C Vendor/Product 
Selection �F�"�"D�"M[ (Samsung S3C4510B) #S?�

#"�

� ��QR�	�D�+�$b"`~�� configuration 
config.vendor-2.4.x 	d���
� NBC board GY["��#S?�s��  aYR+@ EF�?�d�"�?����	 S��]"���
�d��"S�F�G�+��������E
R"AMR@ "d���]ED+�"�"� ��$e��

���� µClinux 	d���
� NBC board ]"
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����
F�q `$ �
F\D��F�AMR���`SD�d��"S`$?
+`�F\C�
D�+�h	����\Ad������Q��`$AMR No ��QR����@��
����d��"S�F�]�D�
���������E
R"G�+� ��$e��

���� µClinux A
"AM #S?`�F�M����
"AY��F�
F�+q 
AMR`SD�d��"S`$�F�"�"D�"M[��h�`�D��? 

 
 ��
+@��AMR���Ad�����d��"S�F�]�D�
� kernel �� ��������E
R"
F�+q G�+� ��$e��

���� 
µClinux 	d���
� NBC board ��M?��D�?��D� ���@ ]ED�F�
F�+q ���F�"M[]"G
["
�"G�+������`���
��  build image G�+� ��$e��

���� µClinux GY["�� ��QR�]�D`SD image G�+� ��$e��

���� 
µClinux AMR�M kernel �� ��������E
R"
F�+q ���� 	�	d���
����Ad�+�"�" NBC board #S?�s��  
aYR+G
["
�"]"������`�����  build �+��$� ���
F�+q ��QR�	�D�+�$b" image G�+� ��$e��

���� 
µClinux GY["��@ ��F��]"�
�GD�\
S`$ 
 

3.2  G
["
�"]"������`�����  build � ��$e��

���� µClinux 	d���
� NBC board 
 
 �F�AMR���`SD�d��"S]�D�
� kernel �� ��������E
R"
F�+q G�+� ��$e��

���� µClinux 
	d���
� NBC board ]"G
["
�"AMRBF�"��@ Ad��"D�AMR�d��"S�+��$� ���
F�+q (`~�� source code 
G�+��������E
R", `~�� source code G�+ driver) H�?]" µClinux-dist AMR@ 
D�+"d���Ad����
���`�����  build ����GD�SD�?�
" ��QR�	�D�+�$b" image G�+� ��$e��

���� µClinux AMR�M kernel 
�� ��������E
R"
F�+q ���� 	�	d���
����Ad�+�"�" NBC board #S?�s��  
  
 �F�"AMR@ ���R�Ad�������`�����  build image G�+� ��$e��

���� µClinux ���@ 
D�+

��@	���� ��D`G`~��H�?]" µClinux-dist ��+�?F�+��QR�]�DG
["
�"G�+������`�����  build 
image G�+� ��$e��

���� µClinux �$b"`$�?F�+\C�
D�+ aYR+@ ��D`G�� 
��@	����?� ��M?S]"
`~��]SG�+ µClinux-dist �D�+"
["GY["�?CF�
� platform �� ����
D�+���G�+BCD]ED�$b"��
� #S?
BCD]ED+�"
D�+
��@	����?� ��M?S�� �"D�AMRG�+`~��
F�+q H�?]" µClinux-dist #S?� ��M?S��QR�
@ `SD]EDGD��C�S
+��F��]"�����Q��`~��AMR@ 
D�+
��@	���� ��D`G]�D\C�
D�+���� 	�
�� 
platform �� 
������
D�+���G�+BCD]ED+�"
F�`$ 	d���
� NBC board @ �M���
��@	���� 
��D`G`~��
F�+q S
+"M[ 
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1)  
��@	���F�AMR�d��"S]�D�
�

��$� TEXTADDR G�+�
F�  platform  
 

���	����\
��@	���F�G�+

��$�S
+��F��`SD@�� Makefile H�?]" directory /linux-
2.4.x/arch/armnommu/ AMR
D�+]ED Makefile H�?]" directory S
+��F���"QR�+@�������Q��]ED kernel 
G�+ � ��$e��

���� µClinux �$b"�����E
" 2.4 (linux-2.4.x) ��  NBC board G�+���]ED 
microcontroller Samsung S3C4530A aYR+�"F�?$� ���B��$b" ARM7TDMI AMR`�F�M MMU �?CF
H�?]""
R"��+ (/arch/armnommu) #S?H�?]" Makefile S
+��F��@ �M����d��"S�F� TEXTADDR 
	d���
����?q platform  ���`�D S
+"
["@Y+
D�+��Q�� platform ]�D\C�
D�+ ��QR�@ `SDA����F�G�+

�
�$�  TEXTADDR AMR�d��"S]�D�
� platform G�+��� ]"AMR"M[]�D��Q��AMR platform EVS3C4530HEI 

��AMR���`SD�d��"S]�D�
�

���Q�� Board Implementation ]"��"C System Type (@���
�GD� 3.1.1.1) 
�F�"�"D�"M[  

 
��QR�
��@	��H�?]" Makefile S
+��F����D����F��F�G�+

��$� TEXTADDR 	d���
� 

platform AMR���
D�+���`SD�
�����d��"S]�D�M�F��$b" 0x00020000 aYR+�F�"M[�h�Q� address G�+
�"F�?����@d� (RAM) AMR]ED�$b"@LS���R�
D"���Ad�+�"G�+ kernel G�+� ��$e��

����"
R"��+  #S?
]"G
["
�"G�+������`�����  build 	�D�+ image G�+� ��$e��

���� µClinux GY["�� ���QR�+�Q�

F�+q AMR]ED]"G
["
�""M[@ ���
?�F�@��

��$�S
+��F���$b"address ���R�
D"]"��� link �d�	
R+��  
symbol 
F�+q H�?]" kernel G�+� ��$e��

���� µClinux �GD�SD�?�
" aYR+���@ Ad�]�D kernel G�+
� ��$e��

���� µClinux 	����\Ad�+�"`SD�?F�+\C�
D�+`SD"
[" ���
D�+�d��"S]�D bootloader 
#��S kernel G�+� ��$e��

����@��AMR��h��?CF]" ROM `$���R��GM?"�+]" address S
+��F��H�?]" 
RAM ��QR�]�D symbol 
F�+q H�?]" kernel G�+� ��$e��

����	����\ link \Y+�
"`SD�?F�+\C�
D�+ 
��
+@��"
[" bootloader @ ���R��F�"�d�	
R+@�� address S
+��F��G�+�"F�?����@d� (RAM) GY["��
Ad�+�" ��QR����R�
D"���Ad�+�"G�+� ��$e��

���� µClinux �"� ���������
������)*+

� S
+"
["
���@ 
D�+@S@d��F�H�?]"

��$� TEXTADDR 	d���
� platform G�+������`�D	d���
�"d�`$]ED
�d��"S]�D�
� bootloader 
F�`$ 
 
 
 
 



 

82 

2) �d��"S�F�G�+ environment variable AMR@d��$b"	d���
�������`�����  build image 
G�+� ��$e��

���� µClinux  
 

���	����\
��@	���� �d��"S�F� environment variable 	d���
�������`�����  build 
image G�+� ��$e��

����`SD@��`~�� Makefile H�?]" directory /linux-2.4.x/ #S? environment 
variable 	F�"]�NF@ `SD�
�����d��"S�F����`�D]�D�?CF��D� �
F@ �M

��$�AMR	d��
N�M� 2 

�AMR���
D�+
Ad�����d��"S�F�SD�?
"��+��QR�]�D���� 	��
��
�T�  platform G�+� ���������
������)*+


�AMR����M�?CF 	d���
�

��$�S
+��F���Q� 

��$� ARCH ��  CROSS_COMPILE aYR+��QR����

��@	��]" Makefile S
+��F�����F��M����d��"S�F�]�D�
�

��$�A
[+	�+���`�D���?�F�
���
F�  
platform �� �
F�  platform @ �?��
"�?CF�"� ���A
S#S?���R�
D"AL����A
S@ �M��� comment 
(#) ���`�D ���@ �d��"S�F�]�D�
�

��$�A
[+	�+@Y+	����\Ad�`SD#S?

S comment (#) AMR�?CF�"D�
���A
SG�+ platform AMR���
D�+������`$ aYR+�"D�AMR�� ����d��"S�F�]�D�
�

��$�A
[+	�+	d���
� 
NBC board G�+����$b"S
+"M[ 

 
-  ARCH := armnommu �$b"

��$�AMR]ED�d��"S architecture G�+� ���������
������

)*+

�G�+��� aYR+@ �$b"����d��"S directory ��
�AMR��h�`~��
F�+q AMR@d��$b"	d���
�]ED]"���
���`�����  build image G�+� ��$e��

���� µClinux ]�D
�+�
� platform AMR����M�?CF #S?]"AMR"M[
���@ �d��"S�F�G�+

��$�S
+��F��]�D�$b" armnommu ��QR�EM[`$?
+ directory /linux-
2.4/arch/armnommu aYR+��h�`~��
F�+q AMR]ED]"������`�����  build image G�+� ��$e��

���� 
µClinux  	d���
� platform G�+� ���������
������)*+

�AMR]ED�"F�?$� ���B� ARM ���AMR
`�F�M MMU �?CFH�?]" (��M?��F� armnommu) #S?�s��  �� AMR���
D�+�d��"S�F�G�+

��$�S
+��F��
]�D�M�F��EF""M[�"QR�+@�� NBC board G�+���]ED microcontroller Samsung S3C4530A aYR+�"F�?
$� ���B��$b" ARM7TDMI AMR̀ �F�M MMU �?CFH�?]""
R"��+ 

-  CROSS_COMPILE = arm-elf- �$b"

��$�AMR]ED�d��"SEQR����R�
D"G�+���QR�+�Q�
F�+q AMR
@ ]ED]"������`�����  build image G�+� ��$e��

���� µClinux ]�D
�+�
� platform AMR����M�?CF 
#S?]"AMR"M[@ �d��"S�F�G�+

��$�S
+��F��]�D�$b" arm-elf- ��QR�]�D���� 	��
� NBC board G�+
���AMR]ED ARM7TDMI �$b"�"F�?$� ���B� #S?��QR�"d��F�]"

��$�S
+��F��`$����
�EQR���M?�
���QR�+�Q�
F�+q �EF" gcc, ar, ��  ld �$b"
D" �h@ `SD�$b" arm-elf-gcc, arm-elf-ar, ��  arm-elf-ld 
�$b"
D" aYR+�$b"EQR�G�+ cross-tool AMR\C�
D�+	d���
�"d���]ED]"������`�����  build image G�+
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� ��$e��

���� µClinux ]�D�
� platform G�+� ���������
������)*+

�AMR]ED�"F�?$� ���B�
]"
� �C� ARM 

 
3)  �d��"S]�D link romfs �GD��
� image G�+� ��$e��

���� µClinux 

 
 #S?A
R�`$���
�S

[+� ��$e��

���� µClinux �+`$Ad�+�"�"� ���������
������)*+


�`SD"
["
D�+���
?`~�� image AMR build GY["�� 2 

�SD�?�
"�Q� `~�� image.bin AMR�M�s��  kernel G�+
� ��$e��

���� µClinux �?CFH�?]"�� `~�� romfs.img AMR�$b"`~�� image G�+ romfs aYR+���@ 
D�+

�S

[+`~��A
[+	�+"M[�+`$]"� ���������
������)*+

�G�+���#S?���@ 
D�+�d��"S]�D`~��A
[+
	�+ link \Y+�
"H�?]"� ���������
������)*+

�G�+���]�D\C�
D�+ \D�A
[+	�+`~��`�F	����\ 
link \Y+�
"`SD�?F�+\C�
D�+@ 	F+B�]�D� ��$e��

���� µClinux Ad�+�"B�S���S 
 

��QR�����	 S��]"���
�S

[+� ��$e��

���� µClinux �+`$]ED+�"�"� ���������
���
���)*+

�G�+��� @Y+`SDAd���� link romfs �
� kernel G�+� ��$e��

���� µClinux �GD�SD�?�
" ��QR�
	�D�+�$b" image G�+� ��$e��

���� µClinux AMR�MA
[+ kernel G�+� ��$e��

���� µClinux ��  
romfs �?CFH�?]"GY["�� S
+"
["���@Y+	����\]ED��F̀ ~�� image S
+��F����M?+`~���SM?��AF�"
["	d���
�
���
�S

[+� ��$e��

���� µClinux �+`$Ad�+�"�"� ���������
������)*+

� #S?��PM���
�d��"S]�DAd���� link romfs �GD��
� kernel G�+� ��$e��

���� µClinux #S?�

#"�

��M 2 G
["
�"
S
+"M[ 

 
- ���R��d�	
R+ arm-elf-ld �r �o ${ROOTDIR}/${LINUXDIR}/romfs.o � b binary 

${ROMFSIMG} �+`$]
D�����M?�]ED�d�	
R+ genromfs G�+ target image: ]"`~�� Makefile H�?]" 
directory /vendors/Samsung/4510B/ ��QR�Ad���� link `~�� romfs.o `$�$b"`~�� romfs.img 

-  ���R� script �+`$
�+	F�"G�+ Global offset table ]"`~�� vmlinux-armv.lds.in H�?]" 
directory /linux-2.4.x/arch/armnommu/ aYR+`~��S
+��F���$b"`~�� script AMR]ED	d���
��d��"S��� 
link �+��$� ���
F�+q G�+ kernel G�+� ��$e��

���� µClinux �GD�SD�?�
" #S? script AMR@ ���R�
�+`$]"`~��S
+��F���$b"S
+"M[ 
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*(.got) 
romfs_data = .; 
romfs.o 
romfs_data_end = .; 
_end_romfs = .; 

script S
+��F��"M[]ED	d���
��d��"S]�DAd���� link romfs �GD��
� kernel G�+� ��$e��

���� 
µClinux 
 
 ��QR�
��@	���� ��D`G`~��H�?]" µClinux-dist 
��G
["
�"A
[+��SGD�+
D"��M?��D�?��D� 
����h	����\���R�
D"���`�����  build image G�+� ��$e��

���� µClinux `SDA
"AM �
F]"���M
G�+ NBC board���@ Ad����	�D�+ zImage GY["�� #S? zImage S
+��F���h�Q� image G�+
� ��$e��

���� µClinux AMR`SD�
���� compress ]�D�MG"�S��h��+"
R"��+ aYR+ zImage "M[@ �MG"�S
��h���M?+��AMR@ "d�`$
�S

[+�+]"�"F�?����@d� flash ROMH�?]" NBC board G�+��� 	d���
����
AMR���@  build zImage ]�D���� 	��
� NBC board G�+���`SD"
[" @d��$b"
D�+��D`G`~����+`~��
S
+"M[ 
 

1) �d��"S��GAMR�"F�?����@d�H�?]"

��$�
F�+q AMR]ED]"��� build zImage ]�D���� 	�
�
� NBC board 
 

- ZTEXTADDR �$b"

��$�AMR��h���GAMR�"F�?����@d����R�
D"G�+ zImage ���`�D #S?���
@ 
D�+"d���GAMR�"F�?����@d�H�?]"

��$�S
+��F��`$�d��"S]�D�
� bootloader H�?]" NBC 
board ��QR�]ED�d��"S]�D bootloader "d� zImage G�+� ��$e��

���� µClinux AMR���Ad����
�S

[+�+
`$]ED+�"�" NBC board �����R�
D"�
"AY��+]" flash ROM � 
d���"F+S
+��F���	���� ��QR��M��� 
boot � ��$e��

���� µClinux GY["��Ad�+�"�" NBC board bootloader @ ��M?�]�D decompressor 
���R�Ad���� decompress zImage G�+� ��$e��

���� µClinux AMR�?CFH�?]" flash ROM � 
d���"F+"M[
SD�?�EF"�
" aYR+@ Ad�]�D� ��$e��

���� µClinux 	����\���R�
D"���Ad�+�"�" NBC board `SD
�?F�+\C�
D�+ ]"AMR"M[@ �d��"S]�D�F� ZTEXTADDR 	d���
� NBC board G�+����M�F��$b" 
0x00008000  

-  ZRELADDR �$b"

��$�AMR]ED��h���GAMRG�+�"F�?����@d� RAM aYR+ bootloader @ ]ED]"
���"d����GD��C�G�+ zImage AMR\C� decompress ��D������R��GM?"�+]"�"F�?����@d� RAM � 



 

85 


d���"F+"M[  ��QR�]�D���Ad�+�"G�+� ��$e��

���� µClinux �$b"`$�?F�+\C�
D�+ �� #S?	F�"]�NF
�F�AMR�?CFH�?]"

��$� ZRELADDR 	d���
�� ���������
������)*+

� platform ]Sq @ �$b"�F�
�SM?��
"�
�AMR�d��"S�?CFH�?]"

��$� TEXTADDR G�+� ���������
������)*+

� platform 
"
["q S
+"
["�F�G�+

��$� ZRELADDR 	d���
� NBC board ���@ �d��"S]�D�M�F��$b" 
0x00020000 �EF"�SM?��
�AMR�d��"S�?CFH�?]"

��$� TEXTADDR G�+ platform S
+��F�� 
 

	d���
�����d��"S�F���GAMR�"F�?����@d�]�D�
�

��$�A
[+	�+S
+��F��	����\Ad�`SDAMR
`~�� Makefile aYR+�?CFH�?]" directory /linux-2.4.x/arch/armnommu/boot/ #S?��QR�
��@	��]"
`~��S
+��F�����F��M����d��"S�F�G�+

��$� ZTEXTADDR ��  ZRELADDR �?��
"`$

���
F�  platform G�+� ���������
������)*+

� 	d���
� NBC board G�+���]�D���R� code AMR
�?CFSD�"�F�+"M[�+`$H�?]"`~��S
+��F�� 
  ifeq ($(CONFIG_BOARD_EVS3C4530HEI),y) 
  ZRELADDR = 0x00020000 
  ZTEXTADDR = 0x00008000 
  endif 
@�� code SD�"�"���F����@ ]ED�F�H�?]"

��$� CONFIG_BOARD_EVS3C4530HEI ]"���

��@	���+QR�"`G	d���
� NBC board G�+��� �"QR�+@�����`SD�d��"S�F�G�+

���Q�� Board 
Implementation H�?]"��"C System Type 	d���
� NBC board G�+��� ]�D�$b" S3C4530-HEI 
"
R"��+ (
���
�GD� 3.1.1.1) �� ��QR���@����@����GAMRG�+�"F�?����@d�AMR�d��"S]�D�
�

��$�

F�+q 	����\	�L$`SD�F� ���
D�+Ad�����d��"S]�D bootloader H�?]" NBC board G�+���"d� 
zImage G�+� ��$e��

���� µClinux AMR
D�+���]ED+�"���
"AY���h�`�DAMR�"F�?����@d� flash ROM 
#S?���R�Ad�����
"AY�AMR
d���"F+ 0x00008000 G�+ flash ROM 
���F�AMR�d��"S�?CFH�?]"

��$� 
ZTEXTADDR ��
+@��"
["��QR�
D�+��� boot � ��$e��

���� µClinux GY["��]ED+�"�" NBC 
board G�+��� bootloader @ Ad��"D�AMR��M?�]�D decompressor ���R�Ad�+�"#S?Ad�����d��"S]�D���R�Ad�
��� decompress GD��C�AMR�?CFH�?]" flash ROM � 
d���"F+ 0x00008000 
���F�AMR�d��"S���`�D]"


��$� ZTEXTADDR #S?GD��C�
F�+q AMR decompressor Ad���� decompress �����`SD@ \C�"d�`$
�GM?"�+]"�"F�?����@d� RAM �M�
F��"YR+ #S?@ ���R��GM?"AMR
d���"F+ 0x00020000 G�+
�"F�?����@d� RAM 
���F�AMR�d��"S�?CFH�?]"

��$� ZRELADDR ��QR����R����Ad�+�"G�+
� ��$e��

���� µClinux 
F�`$ 
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2) �d��"S]�D	�D�+`~�� piggy.gz GY["��]ED+�" 
 
 `~�� piggy.gz �Q�`~�� zImage G�+� ��$e��

���� µClinux AMR\C�"d��� compress A
[+`~��
�M���
[+SD�?#$����� gzip aYR+@ Ad�]�D`~�� piggy.gz �MG"�S��h���F�`~�� zImage �M���h�"D�? �
F
���Ad�@ "d�`~�� piggy.gz "M[`$]ED�"� ���������
������)*+

�]Sq `SD"
[" �"� ��
�������
������)*+

�S
+��F��@ 
D�+�M bootloader ��Q�#$�����AMR��+�
���� decompress `~�� 
gzip Ad�+�"�?CFH�?]"�AF�"
[" �"QR�+@�� NBC board G�+���]ED bootloader AMR�MEQR��F� bios-lt aYR+
H�?]" bootloader S
+��F���M~*+��E
R"AMR]ED]"��� decompress `~�� gzip �?CFSD�? S
+"
["���@Y+	����\
"d�`~�� piggy.gz ��]ED�" NBC board G�+���`SD #S?��PM���AMR]ED�d��"S]�DAd����	�D�+`~�� 
piggy.gz SD�?"
[" 	����\Ad�`SD#S?�
�����QR�+���? comment (#) �"D��d�	
R+ rm �f piggy piggy.gz 
aYR+�d�	
R+S
+��F���?CFAMR target piggy.o : ]"`~�� Makefile H�?]" directory /linux-
2.4.x/arch/armnommu/boot/compressed/ 
 

G
["
�"]"������`�����  build image G�+� ��$e��

���� µClinux �M�?CFSD�?�
"���?
G
["
�" aYR+�
F� G
["
�"@ GY["
F��
"
���d�S
��F�"��
+ S
+"
["���@Y+
D�+Ad��
F� G
["
�"
��M?+�d�S
��
"`$ ��QR�]�DG
["
�"AMR�?CF]"�d�S
�\
Sq `$	����\Ad�+�"`SD�?F�+\C�
D�+ #S?�d�S
��� 
�"D�AMRG�+�
F� G
["
�"@ �$b"S
+"M[ 

 
1)  make clean �$b"�d�	
R+AMR]ED]"�����`~�� object �� `~�� image 
F�+q AMR���S@�����

������`�����  build image G�+� ��$e��

���� µClinux ]"��
[+�F�"q aYR+������@ ��M?�]ED
�d�	
R+"M[AL���
[+�F�"AMR@ ���R��� ��"������`�����  build image G�+� ��$e��

���� µClinux 
GY["��]��F #S?�s�� \D�����M����$�MR?"�$�+����d��"S�F�
F�+q ]�D�
� kernel �� ��������E
R"
G�+� ��$e��

���� µClinux (
��G
["
�"]"�
�GD� 3.1) ��QR�$��+�
"���"d�`~�� object �� `~�� 
image �S��`$]ED	�D�+�$b" image G�+� ��$e��

���� µClinux �
"]��F aYR+@ 	F+B�]�D image G�+
� ��$e��

���� µClinux AMR build �����]��F"M[ �M kernel �� ��������E
R"��+�?F�+`�F
�+�
�AMR
����d��"S���`�D 
 

2) make dep ��
+@��AMRAd�����d��"S�F�]�D�
� kernel �� ��������E
R"
F�+q G�+
� ��$e��

���� µClinux ��M?��D�?��D� ]"���MAMR��Q��]ED kernel G�+� ��$e��

���� µClinux 
�$b"�����E
" 2.4 ���`�D ���
D�+��M?�]ED�d�	
R+ make dep �F�"AMR@ ���R�Ad�������`�����  build 
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image G�+� ��$e��

���� µClinux �	�� ��QR�
��@	�� dependencies A
[+��SH�?]" µClinux-
dist �EF"
��@	��`~�� source code ��  `~�� header 
F�+q AMR@ 
D�+]ED]"������`�����  build 
�F���
" (GY["
F��
")  �F��M�?CF���\D�"�� �?CF]"
d���"F+AMR\C�
D�+	d���
������M?�]ED+�"��Q�`�F 
�$b"
D" 
 

3)  make lib_only ��
+@��Ad��d�	
R+ make clean ��  make dep ��M?��D�?��D��h@ ��\Y+
G
["
�"G�+������`�����  build image G�+� ��$e��

���� µClinux GY["��]�D�$b"
��AMR���`SD
Ad�����d��"S�F����`�D]�D�
� kernel �� ��������E
R"
F�+q ]"G
["
�"�F�"�"D�"M[ #S?�d�	
R+���AMR
@ 
D�+Ad��h�Q� make lib_only aYR+�$b"�d�	
R+AMR]ED]"������`��� source code G�+ API 
F�+q 
A
[+��S�� "d� API ���F�"
["������
"��QR�	�D�+�$b" library A
[+]"	F�"G�+ uClibc ��  library 
�	����QR"q AMR@d��$b"
D�+]ED+�" ��QR�@ `SD"d� library ���F�"M[`$]ED]"������`�����  build kernel 
G�+� ��$e��

���� µClinux ���\Y+��������E
R"
F�+q AMR@ "d�`$]ED+�"�"� ��$e��

���� 
µClinux ]"G
["
�"
F�q `$ 
 

4)  make user_only ��QR� library 
F�+q ��D��]ED+�"��D� GY["
�"
F�`$@ ]ED�d�	
R+ make 
user_only "M[��QR����`�����  build ��������E
R"A
[+��S
��AMR���`SD�d��"S���`�D]"�
�GD� 3.1.2  
 

5)  make romfs �$b"���	�D�+ directory A
[+��SAMR@ "d�`$]ED+�"@��+�"� ��$e��

���� 
µClinux ��D��A
[+"d���������E
R"
F�+q AMR`SD�
�������`�����  build ���`�D��M?��D�?��D�@��
G
["
�"�F�""M[`$
�S

[+�+]" directory AMR\C�
D�+ ��QR�]�D directory 
F�+q AMR	�D�+GY["]"G
["
�""M[
��D��	d���
����"d�`$	�D�+�$b" image G�+ romfs ]"G
["
�"
F�`$ #S? directory AMR`SD�
����
	�D�+GY["]"G
["
�""M[@ \C�"d�`$��h�`�DH�?]" directory /romfs G�+ µClinux-dist A
[+��S S
+"
["
��
+@��AMR�d�	
R+ make romfs Ad�+�"�	�h@��M?��D�?��D����@Y+	����\�GD�`$
��@	������\C�
D�+
G�+#��+	�D�+�� `~��A
[+��SAMR@ "d�`$]ED]"���	�D�+�$b" image G�+ romfs ]"G
["
�"
F�`$
`SD@�� directory S
+��F�� 	d���
�G
["
�"���Ad�+�"G�+�d�	
R+ make romfs "
["���	����\

��@	��`SD@�� target romfs : G�+`~�� Makefile AMR�?CF]" directory /vendors/Samsung/4510B 
(�GD�`$SC Makefile ]" directory G�+ vendor 
��AMR���`SD��Q�����`�D]"

���Q�� Vendor/Product 
Selection �F�"�"D�"M[) aYR+���	����\$�
��$�MR?"�� ���R��
��G
["
�"���Ad�+�"G�+ make romfs 
`SD
������
D�+��� #S?��D`G��Q����R��
�� script G�+���Ad�+�"AMR���
D�+����+`$]" target 
romfs : G�+ Makefile S
+��F��"
R"��+ 	d���
� directory 
F�+q G�+ romfs AMR`SD�
����	�D�+GY["]"
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G
["
�""M[@ �M#��+	�D�+�� �
�T� ]��D��M?+�
� directory AMR�M]�D]ED+�"�?CF�"� ��$e��

���� 
Linux S
+�C$AMR 19 

 

 
 

F��J����PI �19  �	S+#��+	�D�+ directory G�+ romfs 	d���
� NBC board 
 

6)  make image �$b"�d�	
R+AMR]ED]"���	�D�+`~�� image 
F�+q G�+� ��$e��

���� µClinux 
GY["��A
[+ image.bin AMR�$b"`~�� image G�+� ��$e��

���� µClinux 	d���
�"d�`$
�S

[+�+�"
� ���������
������)*+

��� `~�� romfs.img AMR�$b"`~�� image G�+ romfs #S?�����M?�]ED
�d�	
R+ make image ]"��
[+"M[@ 	����\	�D�+`SD��F`~�� romfs.img �AF�"
["�"QR�+@���M���	�D�+ 
directory 
F�+q G�+ romfs ���`�D��D�@�����Ad�+�"G�+�d�	
R+ make romfs �F�"�"D�"M[ ]"G� AMR 
image.bin "
["@ ?
+`�F	����\	�D�+GY["��`SD]"G
["
�""M[�"QR�+@��?
+`�F�M������`���
�+��$� ���
F�+q G�+ kernel G�+� ��$e��

���� µClinux ���`�D #S?`~�� image A
[+��SAMR	�D�+
GY["��#S?�d�	
R+ make image "M[@ \C�"d�`$��h�`�D]" directory /images H�?]" µClinux-dist 
	d���
�G
["
�"���Ad�+�"G�+ make image "
["���	����\
��@	��`SD@�� target image : G�+
`~�� Makefile   ]" directory /vendors/Samsung/4510B (�GD�`$SC Makefile ]" directory G�+ 
vendor 
��AMR���`SD��Q�����`�D]"

���Q�� (Vendor/Product Selection �F�"�"D�"M[) aYR+���	����\
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$�
��$�MR?"�� ���R��
��G
["
�"���Ad�+�"G�+ make image `SD
������
D�+��� #S?��D`G��Q�
���R��
�� script G�+���Ad�+�"AMR���
D�+����+`$]" target image : G�+ Makefile S
+��F��"
R"��+ 
 

7)  make �$b"������`����+��$� ���
F�+q G�+ kernel G�+� ��$e��

���� µClinux 

��AMR`SD�d��"S�F����`�D]"�
�GD� 3.1.1 �F�"�"D�"M[ ��QR����`����+��$� ���
F�+q G�+ kernel 
��M?��D�?��D� �d�	
R+ make @ ���R�
D"��M?��d�	
R+ make lib_only, make user_only, make romfs, make 
image 
��AMRAd�`$��D�]"G
["
�"�F�"�"D�"M[]��F�M���
[+ aYR+]"G
["
�"G�+��� make image ]"
��
[+"M[@ �M���"d��+��$� ���G�+
F�+q G�+ kernel AMR`SD���`���`�D�F�"�"D�"M[�� link ����
"
��QR�	�D�+�$b"`~�� linux.data ��  linux.text GY["����h�`�D]" directory /images ��
+@��	�D�+`~��
A
[+	�+S
+��F����M?��D�?��D��d�	
R+ make image @ ��M?�]ED script AMR"d����`~�� linux.data, 
linux.text, ��  romfs.img AMR�?CFH�?]" directory /images �� link ����GD�SD�?�
"��QR�	�D�+�$b"`~�� 
image.bin GY["����h�`�D]" directory /images #S?`~�� image.bin S
+��F���h�Q�`~�� image G�+
� ��$e��

���� µClinux AMR��D��@ "d�`$
�S

[+�+�"� ���������
������)*+

�
F�`$ 
 

8)  make zImage �"QR�+@��`~�� image.bin AMR build GY["��`SD��@�MG"�S]�NF���"��F�@ 
"d�`$��h�`�D]" flash ROM G�+� ���������
������)*+

� S
+"
["@Y+
D�+]ED�d�	
R+ make zImage 
(��M?�]ED�d�	
R+"M[`SD�h
F���QR� command prompt �?CFAMR directory /linux-2.4.x H�?]" µClinux-dist 
�AF�"
[") ��QR�	�D�+`~�� zImage GY["�� #S?`~��S
+��F���$b" image G�+� ��$e��

���� µClinux AMR
���S@����� compress �+��$� ���
F�+q G�+� ��$e��

���� µClinux ������GD�SD�?�
" aYR+`~�� 
zImage AMR`SD]"G
["
�""M[	����\"d�`$]ED+�"�"� ���������
������)*+

�`SDA
"AM�EF"�SM?��
�
`~�� image.bin ��M?+�
F`~�� zImage �MG"�S��h���F�`~�� image.bin ��� (]"AMR"M[@ `SD zImage �M
G"�S 884.7 KB ]"G� AMR image.bin �MG"�S 2.6 MB) 	d���
�`~�� zImage AMR build GY["��`SD]"
G
["
�""M[@ ��h��?CFH�?]" directory /linux-2.4.x/arch/armnommu/boot "��@��`~�� zImage ��D�
�d�	
R+ make zImage ?
+`SD	�D�+`~��EQR� piggy.gz ��h��?CF]" directory /linux-
2.4.x/arch/armnommu/boot/compressed/ �M�SD�? aYR+`~��S
+��F���h�Q� zImage AMR\C�"d�`$ compress 
A
[+`~���M���
[+SD�?#$����� gzip "
R"��+ @Y+Ad�]�D`~�� piggy.gz �MG"�S��h���F�`~�� zImage �M�
��h�"D�? �� @ ���� �
����"d�`$
�S

[+�+]"� ���������
������)*+

�AMR�M bootloader ��Q�
#$�����AMR��+�
���� decompress `~�� gzip Ad�+�"�?CFH�?]" 
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 ��
+@��AMR���Ad�
��G
["
�"
F�+q  GD�+
D"`SD��M?��D�?A
[+��S#S?`�F�MGD�B�S���S���SGY["
]"G
["
�"]SG
["
�"�"YR+ ����h@ `SD image G�+� ��$e��

���� µClinux AMRH�?]"�MA
[+ kernel 
�� ��������E
R"
F�+q 
�+
��AMR���`SD�d��"S�F����`�D]"�
�GD� 3.1.1 ��  3.1.2 �
F��QR�����
�"F]@���	����\
��@	���+��$� ���
F�+q H�?]" image G�+� ��$e��

���� µClinux AMR��� 
build GY["����M?��D�?��D�`SD�M���
[+�"YR+S
+"M[ 
  

1) 
��@	���+��$� ���
F�+q G�+ kernel AMR�?CFH�?]" image G�+� ��$e��

���� 
µClinux 
 
 ���	����\
��@	���+��$� ���
F�+q A
[+��SG�+ kernel AMR�?CFH�?]" image G�+
� ��$e��

���� µClinux `SD@��GD��C�]"`~�� System.map AMR�?CFH�?]" directory /linux-2.4.x 
(
�������E
"G�+ kernel G�+� ��$e��

���� µClinux AMR�����Q��]ED) #S?`~��S
+��F��@ `SD�
����
	�D�+GY["#S?�

#"�

�]"� ��F�+G
["
�"G�+��� link �+��$� ���
F�+q G�+ kernel AMR���`���
	d���h@��D��GD�SD�?�
" GD��C�AMR�?CF]"`~�� System.map @ �$b"GD��C�AMR�	S+ address G�+
�"F�?����@d� (RAM) �� �+��$� ���G�+ kernel (��@@ �$b" symbol ��Q� system call 
F�+q) AMR
$� @d� address "
["q S
+�	S+]"�C$AMR 20 

 

 
 

F��J����PI �20  �	S+GD��C�]"`~�� System.map G�+ NBC board 
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 @���C$AMR 20 ���F� address ���R�
D"G�+ kernel aYR+�?CFH�?]" image G�+� ��$e��

���� 
µClinux AMR��� build �����@ �?CFAMR address 0x00020000 aYR+�$b"`$
���F�AMR��h��?CF]"

��$� 
TEXTADDR S
+AMR`SD��F��\Y+�F�"�"D�"M[ S
+"
["���
D�+"d������GAMR address S
+��F��`$�d��"S
]�D�
� bootloader H�?]" NBC board ��QR�]�D bootloader Ad���� copy kernel AMR�?CFH�?]" image 
G�+� ��$e��

���� µClinux aYR+��h��?CF]"�"F�?����@d� flash ROM `$���R��GM?"AMR address 
S
+��F�� (0x00020000) G�+�"F�?����@d� RAM ��QR�]�D�+��$� ���
F�+q H�?]" kernel 	����\ 
link \Y+�
"`SD�?F�+\C�
D�+
�� address AMR�d��"S���`�D (SC`SD@��`~�� System.map) aYR+@ 	F+B�]�D 
kernel G�+� ��$e��

���� µClinux AMR�?CFH�?]" image G�+��� 	����\Ad�+�"�" NBC board `SD
�?F�+\C�
D�+ 
  

]"���MAMR̀ �F$���e�+��$� ���G�+ kernel AMR���
D�+���]ED+�"�?CFH�?]"`~�� 
System.map �h�	S+�F� kernel AMR�?CFH�?]" image G�+� ��$e��

���� µClinux AMR���Ad���� build 
GY["����QR�]ED+�"]"G� "M[`�F�M�+��$� ���S
+��F��SD�? S
+"
["���@Y+@d��$b"
D�+���R�Ad����
�d��"S�F�
F�+q G�+ kernel G�+� ��$e��

���� µClinux ]��F�M���
[+ (
���
�GD� 3.1.1) ���R����R�
�+��$� ���G�+ kernel AMR���?
+`�F�M�� @d��$b"	d���
����Ad�+�"�+`$ ��
+@��"
["@Y+���R�
�� ��"������`�����  build image G�+� ��$e��

���� µClinux ]��F�M���
[+ ��QR�]�D`SD image 
G�+� ��$e��

���� µClinux AMR kernel H�?]"�M�+��$� ���
F�+q aYR+@d��$b"	d���
����Ad�+�"
�?F�+���\D�"  @���
�T� S
+��F��`~�� System.map @Y+�$�M?��	�Q�"�B"AMRG�+�+��$� ���

F�+q AMR�?CFH�?]" kernel G�+� ��$e��

���� µClinux ]"G� "
[""
R"��+ 

 
2) 
��@	����������E
R"A
[+��SAMR�?CFH�?]" image G�+� ��$e��

���� µClinux 

 
 ���	����\���
?#��+	�D�+H�?]" directory /romfs AMR���S@�����Ad�+�"G�+�d�	
R+ make 
romfs ��]ED]"���
��@	����������E
R"A
[+��SAMR�M�?CFH�?]" image G�+� ��$e��

���� 
µClinux `SD �"QR�+@�� directory /romfs H�?]" µClinux-dist �$b" directory AMR]ED��h�B��
�P�@�����
Ad�+�"A
[+��SG�+�d�	
R+ make romfs S
+"
["	�R+AMR�?CFH�?]" directory S
+��F��@ �MA
[+ directory 

F�+q AMR�d�	
R+ make romfs 	�D�+GY["�� `~��G�+��������E
R"A
[+��S
��AMR����d��"S�F����`�D]"
�
�GD� 3.1.2 �?CFH�?]" directory ���F�"
["SD�? aYR+	�R+
F�+q S
+��F��H�?]" directory /romfs @ \C�
"d�`$]ED	�D�+�$b" image G�+ romfs (romfs.img) 	d���
� link �GD��
� image G�+� ��$e��

���� 
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µClinux 
F�`$ Ad�]�D��������E
R"]SAMR�M�?CFH�?]" directory /romfs �h@ 
D�+�M�?CFH�?]" image 
G�+� ��$e��

���� µClinux SD�?�	��  
 
 \D�
��@	��]" directory /romfs ��D�`�F����������E
R"AMR���
D�+���]ED+�" �h�	S+�F�
H�?]" image G�+� ��$e��

���� µClinux �h@ `�F�M��������E
R""
["q �?CFSD�? S
+"
["���@ 
D�+
���R��d��"S�F�G�+��������E
R"
F�+q AMR���
D�+���]ED+�"�"� ��$e��

���� µClinux ]��F�M���
[+
�"YR+ (
���
�GD� 3.1.2) ��QR����R���������E
R"AMR���?
+`�F�M�� @d��$b"
D�+]ED+�"�+`$ ��
+@��"
["
@Y+���R��� ��"������`�����  build image G�+� ��$e��

���� µClinux ]��F�M���
[+ ��QR�]�D`SD 
image G�+� ��$e��

���� µClinux AMR�M��������E
R"aYR+���
D�+���]ED+�"�?F�+���\D�" 
 
 \D�A
[+�+��$� ���G�+ kernel �� ��������E
R"
F�+q H�?]" image G�+� ��$e��

���� 
µClinux AMR��� build �����`SD���\D�"
��AMR���
D�+���]ED+�"A
[+��S ����h	����\"d� image 
S
+��F��`$
�S

[+�+�" NBC board G�+���`SDA
"AM �
�GD�
F�`$@ ��F��\Y+��PM���"d���� image 
G�+� ��$e��

���� µClinux `$
�S

[+]ED+�"@��+�" NBC board 
 
4 ��N��n% image E
%��""�h�"������ µClinux �PI build Evn�:�<�P�"�L
���L�M���N��n%CGL%��"� 

NBC board 

 

 #S?$�
����T
ABCDB��
� ���������
������)*+

�	F�"]�NF@ @
S�
�M?�a�~
�����AMR]ED
	d���
�#��S��������E
R"@��H�?"��`$
�S

[+�+�"�"F�?����@d�G�+� ���������
������
)*+

�"
["q ]�D�?CF��D� aYR+a�~
�����S
+��F��@ `SD�
����
�S

[+�?CF]" flash ROM G�+� ��
�������
������)*+

��� Ad��"D�AMR]"���"d���������E
R"AMRBCD]ED+�"
D�+���]ED+�"`$�GM?"��h�
�+?
+ flash ROM ]"
d���"F+AMR
D�+��� �
Fa�~
��������F�"M[�M~*+��E
R"���]ED+�""D�?��� Ad�]�D`�F
���� 	�	d���
�"d���]ED]"���
�S

[+� ��$e��

�����+`$]ED+�"�"� ���������
������)*+


� S
+"
["BCD]ED+�"	F�"]�NF@Y+�
"`$]ED bootloader ]"���Ad��"D�AMRS
+��F���A" 
 
 bootloader @ `SD�
����
�S

[+�?CFH�?]" flash ROM G�+� ��$e��

���� #S? bootloader 
AMR�M]ED+�"]"$*@@L�
"	d���
�� ���������
������)*+

��M�����?���?�C$��� aYR+BCD]ED+�"
@ 
D�+��@������Q��]ED bootloader ]�D���� 	��
�� ���������
������)*+

�AMR
"��+�M�?CF 
��QR�]�D bootloader 	����\Ad�+�"�F���
�� ���������
������)*+

�S
+��F��`SD�?F�+�M
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$� 	�AP�H�� 	d���
� bootloader AMR"d���]ED�
� NBC board �Q� bios-lt �"QR�+@�� bootloader 
S
+��F���$b" bootloader AMR`SD�
������������]�D]ED+�"�
�� ���������
������)*+

�AMR]ED 
microcontroller Samsung S3C4510B #S?�s��  Ad�]�D	����\"d� bootloader S
+��F����
$� ?L�
�]ED�
� microcontroller Samsung S3C4530A AMR�M�?CF�" NBC board G�+���`SD�?F�+`�F?��
"
� �"QR�+@�� microcontroller A
[+	�+�M�
�T� ���Ad�+�"�� �+��$� ���H�?]"]��D��M?+�
" 
"��@��"M[ bios-lt ?
+`SD�
�����
!"�]"�
�T� G�+ open source Ad�]�D���	����\"d� source code 
G�+ bootloader S
+��F����$�
���D`SD
������
D�+����� ]"$*@@L�
" bios-lt `SD�
�����
!"�]�D
�M~*+��E
R"���Ad�+�"�����?�� 	����\Ad�+�"�F���
�� ��$e��

���� µClinux `SD�$b"�?F�+SM 
	d���
���PM�����D`G bios-lt ]�D���� 	��
� microcontroller Samsung S3C4530A �� ��PM���

�S

[+ bios S
+��F��`$]ED+�"�" NBC board @ `�F��F��\Y+]"AMR"M[ �
F@ ��F��\Y+�s�� ���]ED bios-
lt ]"���
�S

[+� ��$e��

���� µClinux `$
�S

[+�+�" NBC board �AF�"
[" (�	�Q�"�M bios-lt 

�S

[+�?CF]" flash ROM G�+ NBC board ��]�D�?CF��D�) 
 
 �F�"AMR@ ���R�
�S

[+� ��$e��

���� µClinux �+`$]ED+�"�" NBC board `SD"
[" 
D�+Ad�
��� set up #$����� hyperterminal �"���QR�+ PC ��QR�]ED
�S
F��
� NBC board #S?�F�"@ ���R� set 
up #$�����S
+��F��@ 
D�+"d���� NBC board ��
F��
����QR�+ PC #S?]ED	�? RS232 �	M?��GD��
� 
serial port G�+A
[+	�+)*�+ �� @ 
D�+"d�	�? RJ45 ��
F��GD��
� interface Ethernet G�+ NBC board 
SD�?��QR�]ED]"G
["
�"G�+���
�S

[+� ��$e��

���� µClinux �+�" NBC board 
F�`$ 	d���
�
��PM��� set up #$����� hyperterminal ��QR�]ED
�S
F��
� NBC board �MG
["
�"S
+"M[ 
 

1) �$�S#$����� hyperterminal AMR�M
�S

[+�?CF�"� ��$e��

���� windows GY["�� aYR+
#$�����S
+��F��@ �M�
�T� �$b"S
+�C$AMR 21 
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F��J����PI �21  �	S+�"D�@�G�+#$����� hyperterminal 
 

��QR��"D�@�G�+#$����� hyperterminal �	S+GY["��@ $���e dialog box ]�D�d��"SEQR��� �C$
G�+ ����EQR��
F�AMR���	�D�+GY[" aYR+���	����\�d��"SEQR��� ��Q���C$AMR���
D�+���`SD�?F�+��	�  
 

2) �d��"SE"�SG�+ port �"���QR�+ PC AMR]ED	d���
�����EQR��
F��
� NBC board aYR+]"AMR"M[
���Ad�����EQR��
F� PC �
� NBC board BF�"A�+ serial port S
+"
["@Y+
D�+�d��"S�F�G�+

���Q�� 
Connect using:  ]�D�$b" COM1 
����GAMRG�+ serial port �"���QR�+ PC AMR�����Q��]ED S
+�C$AMR 22 
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F��J����PI �22  �d��"SE"�SG�+ port AMR���QR�+ PC ]ED	d���
�����EQR���
� NBC board 
 

3) �d��"S�L�	��

�
F�+q G�+ port AMR���QR�+ PC ��Q��]ED]"����EQR��
F�"M[ aYR+]"AMR"M[�h�Q�
����d��"S�L�	��

�]�D�
� port COM1 �"���QR�+ PC AMR�����Q�����`�D]"��"C�F�"�"D�"M[��QR�]ED]"
����EQR��
F��
� NBC board "
R"��+ #S?���@ 
D�+�d��"S�L�	��

�
F�+q G�+ port S
+��F��]�D
\C�
D�+ #S?�s�� �F� Bits per second AMR���@ �d��"S]�D�M�F��$b" 192000 
���F�G�+ Initial serial 
console speed  AMR���`SDAd�����d��"S���`�D]�D�
� UARTA H�?]"� ��$e��

���� µClinux �F�"
�"D�"M[ (�
�GD� �d��"S driver ]�D�
� controller G�+ UART 	d���
� serial port) aYR+@ Ad�]�D
#$����� hyperterminal �"���QR�+ PC 	����\�	S+B����Ad�+�"G�+� ��$e��

���� µClinux 
�" NBC board BF�"A�+ serial port `SD�?F�+\C�
D�+ 	d���
���PM����d��"S�L�	��

��QR"q G�+ port 
COM1 �$b"S
+�C$AMR 23 
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F��J����PI �23  �	S+����d��"S�L�	��

�
F�+q G�+ port COM1 �"���QR�+ PC ��QR�]�D	����\ 
                              
�S
F��
� NBC board `SD�?F�+\C�
D�+ 
 

4) �d��"S�L�	��

�
F�+q G�+����EQR��
F�AMR	�D�+GY["� ��F�+���QR�+ PC ��  NBC board 
��QR�]�D����EQR��
F��� ����
�	F+GD��C�� ��F�+���QR�+ PC ��  NBC board �$b"`$�?F�+\C�
D�+ aYR+
����d��"S�L�	��

�
F�+q S
+��F���$b"S
+�C$AMR 24 
 

 
 

F��J����PI �24  �	S+����d��"S�L�	��

�
F�+q ]�D�
�����EQR��
F�AMR	�D�+GY["� ��F�+���QR�+ PC  
                              ��  NBC board 
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 \D�Ad���� set up #$����� hyperterminal ��M?��D�?��D� ��QR��$�S NBC board AMR�M bios-lt 

�S

[+�?CF @ 
D�+`SDB����Ad�+�"S
+�C$AMR 25 

  

 
 

F��J����PI �25  �	S+B����Ad�+�"G�+ bios-lt �" NBC board ��
+@���$�S NBC board 
                                    S
+��F��GY["��Ad�+�" 
  
 @���C$AMR 25 ���F�@ �M��"CG�+ bios-lt ]�D�����Q��]ED+�"�?CF 5 ��"CSD�?�
" #S?�
F� ��"C�h
@ �M�"D�AMR�
�
F�+�
"���`$ aYR+���	����\]ED��"C���F�"M[]"���
��@	���� @
S�
�M?�
	H����S�D��
F�+q �" NBC board ]�D��D��	d���
����"d� image G�+� ��$e��

���� µClinux 
`$
�S

[+`SD�?F�+\C�
D�+ #S?���
��@	���� @
S�
�M?�	H����S�D��
F�+q G�+ NBC board ]�D
��D��	d���
����
�S

[+ image G�+� ��$e��

���� µClinux �MS
+"M[ 
 

1) 
��@	��G"�SG�+ partition H�?]" flash ROM AMR@ ]ED@
S��h� image G�+
� ��$e��

���� µClinux 
 
 �"QR�+@�� bios-lt �$b" bootloader AMR��+�
���� uncompress `~�� gzip `SD S
+"
["�C$���
G�+� ��$e��

���� µClinux AMR���@ ��Q��]ED�" NBC board @Y+	����\]ED`SDA
[+��� zImage 
��  piggy.gz �
F��QR�$� �?
S�Q["AMR�"�"F�?����@d� flash ROM ���@Y+��Q��]ED`~�� piggy.gz 
�"QR�+@���MG"�S��h���F� zImage �M���h�"D�? 
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 �F�"AMR���@ Ad����
�S

[+`~�� piggy.gz �+`$�" flash ROM G�+ NBC board ���
@d��$b"
D�+
��@	���Q["AMRG�+ partition H�?]" flash ROM AMR]ED	d���
���h�`~��S
+��F���F�"�F�
��M?+����Q�`�F \D����F��M�Q["AMR��M?+���h	����\"d�`~�� piggy.gz `$��h�`SDA
"AM �
F\D�`�F
��M?+�������@@ 
D�+G?�?G"�SG�+ partition S
+��F���" flash ROM ]�D���GY["��Q���@@ Ad�
����d��"S�F�, ���`���, ��  build image G�+� ��$e��

���� µClinux GY["��]��F��QR�]�D`SD`~�� 
piggy.gz AMR�MG"�S��h���M?+���
����"d�`$��h��+]" partition "
[" 	d���
���PM���
��@	�� 
partition 
F�+q H�?]" flash ROM ]�D��Q��`$

���Q�� Run Fdisk H�?]" Main menu G�+ bios-lt 
aYR+��QR���Q��AMR

���Q��S
+��F����D� ]�D��Q�� Display Partition ��QR��	S+ partition A
[+��S�" flash 
ROM S
+�C$AMR 26 
 

 
 

F��J����PI �26  �	S+ partition A
[+��S�" flash ROM 
 
 @���C$AMR 26 partition AMR@ ]ED]"�����h�`~�� piggy.gz �Q� partition AMR`SD�
�����d��"S]�D
�$b" partition 	d���
���� boot (�M���QR�+���? * �?CF]" field Boot �"D� partition "
["q) aYR+]"AMR"M[�Q� 
partition AMR 2 ��QR������D��F� partition ]S�$b" partition AMR@ ]ED��h�`~�� piggy.gz �h]�D"d��F� Start 
Address ��  End address G�+ partition S
+��F�����d�"��G"�SG�+�"F�?����@d�	d���
� 
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partition "
["q ��D�"d�`$�$�M?��AM?��
�G"�SG�+ piggy.gz AMR��� build �����`SD �F�	����\]ED 
partition S
+��F��	d���
���h�`~�� piggy.gz `SD��Q�`�F 
 

2)  �d��"S IP address E
R�����	d���
� tftp server �" bios-lt 
 
 	d���
��� ��"���AMR bios-lt ]ED]"���#��S���`~�� piggy.gz `$��h��+]" flash ROM 

�� partition AMR�d��"S"
["@ ���
?#$����� tftp server ��?���
�`~��S
+��F��@�� client aYR+ bios-
lt @ Ad�����
" tftp server GY["��A
"AM��QR�BCD]ED+�"
D�+���#��S���`~�� piggy.gz `$��h��+]" 
flash ROM S
+"
["���@Y+
D�+�d��"S IP address G�+ tftp server S
+��F�����`�D ��QR�@ `SD]ED]"
G
["
�"G�+���#��S`~�� piggy.gz ]"G
["
�"
F�`$ 
 
 ��PM����d��"S IP address ]�D�
� tftp server �" bios-lt 	����\Ad�`SD#S?��Q��`$AMR


���Q�� BIOS Setup   H�?]" Main menu G�+ bios-lt #S?��QR���Q��AMR

���Q��S
+��F����D�]�D��Q��
AMR

���Q�� Ether Setup ��D���Q��AMR

���Q�� Set IP Address ��QR�Ad�����d��"S IP address AMR
D�+��� 
S
+�C$AMR 27 

 

 
 

F��J����PI �27  ����d��"S IP address G�+ tftp server H�?]" bios-lt 
 



 

100 

 ��
+@��
��@	��G"�SG�+ partition H�?]" flash ROM �� �d��"S IP address G�+ tftp 
server H�?]" bios-lt ��D�����h	����\Ad���� load ���`~�� piggy.gz `$��h��+]" NBC board `SD
A
"AM #S?��PM���
�S

[+`~�� piggy.gz ��  boot � ��$e��

���� µClinux GY["��Ad�+�"�" NBC 
board �$b"S
+"M[ 
 

1)  load `~�� piggy.gz `$��h��+]" flash ROM G�+ NBC board 
 
 ��QR����
D�+��� load `~�� piggy.gz `$��h��+]" flash ROM G�+ NBC board ]�D�����Q��AMR


���Q�� Update Image H�?]" Main menu G�+ bios-lt ��
+@��"
["]�D���� �L partition H�?]" 
flash ROM AMR@ "d�`~��S
+��F��`$��h� aYR+]"AMR"M[@ ��Q�� partition 2 ��QR��d��"S partition ��M?��D�?
��D� bios-lt @ �
" tftp server GY["��Ad�+�"#S?�d��"S]�D IP address G�+ server S
+��F���M�F�
��AMR
����d��"S���`�D�F�"�"D�"M[ S
+�C$AMR 28 

 

 
 

F��J����PI �28  �	S+�����Q����"C��  partition G�+ flash ROM AMR]ED]"��� load `~�� piggy.gz  
                             `$��h��+]" NBC board 
 
 ��
+@��AMR bios-lt �
" tftp server �" NBC board ��M?��D�?��D� BCD]ED+�"@ 
D�+��M?�]ED tftp 
client �"���QR�+ PC AMR��h�`~�� piggy.gz aYR+���
D�+���"d�`$]ED+�"�" NBC board ���`�D ��QR�@ 
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`SD load ���`~��S
+��F��@�����QR�+ PC `$��h��+]" flash ROM G�+ NBC board 	d���
����
��M?�]ED tftp client �"���QR�+ PC �$b"S
+�C$AMR 29 

 

 
 

F��J����PI �29  �����M?�]ED tftp client �"���QR�+ PC AMR��h�`~�� piggy.gz AMR���
D�+���]ED+�" 
                                 ���`�D ��QR� load ���`~��S
+��F��@�����QR�+ PC `$��h��+]" flash ROM G�+  
                                 NBC board 
 

\D�	����\ load `~�� piggy.gz `$��h�`�D]" partition 2 G�+ flash ROM `SD��M?��D�? 
�"D�@�G�+#$����� hyperterminal @ ��
�`$AMR Main Menu G�+ bios-lt #S?�

#"�

� 
 

2)  boot � ��$e��

���� µClinux GY["��Ad�+�"�" NBC board 
 
 ��QR� load `~�� piggy.gz G�+� ��$e��

���� µClinux `$��h��?CF]" flash ROM G�+ NBC 
board ��M?��D�?��D� ���	����\	
R+ boot � ��$e��

���� µClinux @��`~��S
+��F��GY["��Ad�+�"
�" NBC board `SDA
"AM 	d���
����	
R+ boot � ��$e��

���� µClinux �" NBC board "
["
	����\Ad�`SD#S?��Q��AMR

���Q�� Load Image H�?]" Main menu G�+ bios-lt aYR+@ `SDB��
�P�]"
��� boot � ��$e��

���� µClinux S
+�C$AMR 30 
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F��J����PI �30  �	S+B��
�P�G�+��� boot � ��$e��

���� µClinux @��`~�� piggy.gz GY["�� 
                               Ad�+�"�" NBC board 
 
 \D�]"G
["
�"G�+��� boot � ��$e��

���� µClinux GY["��Ad�+�"�" NBC board `�F�M
GD�B�S���S]Sq ���SGY[" �� `$�?LS�?CFAMR command prompt �h�	S+�F�]"G� "M[� ��$e��

���� 
µClinux `SDAd�+�"�?CF�" NBC board G�+����?F�+	��C�����D� �� ��D��AMR@ �
��d�	
R+@��BCD]ED+�"
`SDA
"AM  �EF" ls -l 	d���
� list ��?EQR�G�+ directory �� `~��
F�+q aYR+@ `SDB��
�P�G�+���Ad�+�"
S
+�C$AMR 31, ifconfig 	d���
�
��@	���F�
F�+q G�+ interface network AMR�M�?CF�" NBC board aYR+@ 
`SDB��
�P�S
+�C$AMR 32 �$b"
D" 
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F��J����PI �31  �	S+B����Ad�+�"G�+�d�	
R+ ls �l �"� ��$e��

���� µClinux H�?]"  
                                     NBC board 
 

 
 

F��J����PI �32  �	S+B����Ad�+�"G�+�d�	
R+ ifconfig �"� ��$e��

���� µClinux H�?]"  
                                  NBC board 
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F��J����PI �33  �	S+ diagram ���Ad�+�"G�+ microcontroller Samsung S3C4530A 
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F��J��� E  

���
�S

[+�� ]ED+�" system call G�+#$�#
��� RTP ��  RTCP 
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�����N��n% system call �%"� kernel E
%��""�h�"������ µClinux 

 
 ���
�S

[+ system call �+�" kernel G�+� ��$e��

���� µClinux 	����\Ad�`SD]"
G
["
�"G�+������`�����  build image G�+� ��$e��

����S
+��F�� S
+"
["BCD]ED+�"@Y+
D�+
�d��"S]�D
�S

[+ system call AMR
D�+���]ED+�"A
[+��S�+�" kernel G�+� ��$e��

���� µClinux 
]�D��M?��D�?�F�"���R�Ad�������`�����  build  kernel S
+��F��GY["��]ED+�" aYR++�"��@
?E�[""M[`SD
B"����� system call G�+#$�#
��� RTP ��  RTCP AMR�
!"�GY["`$��h��?CFH�?]" µClinux-dist 
�� `SD���R�

���Q��AMR]ED	d���
�����d��"S�F�]�D�
� system call S
+��F���+`$]"��"C��
�AMR]ED]"
����d��"S�F�]�D�
� kernel G�+� ��$e��

���� µClinux ��QR�]�DBCD]ED+�"	����\��Q��

���Q��
S
+��F��	d���
��d��"S]�D
�S

[+ system call G�+#$�#
��� RTP ��  RTCP �+`$�" kernel 
G�+� ��$e��

����  µClinux #S?�

#"�

� 	d���
�

���Q��G�+ system call S
+��F��@ �?CFH�?]"
��"C Main menu (��"C��
�]"����d��"S�F�
F�+q ]�D�
� kernel G�+� ��$e��

���� µClinux) -> 
Networking options -> Network testing ---> �� �M�
�T� S
+�C$AMR 1 

 

 
 

F��J����PI E1  �
�T� G�+

���Q��	d���
�
�S

[+ system G�+#$�#
��� RTP ��  RTCP �+ 
                              �" kernel G�+� ��$e��

���� µClinux 
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 ��QR�����d��"S�F�]�D�
�

���Q�� RTP Protocol Syscall S
+]"�C$AMR 1 ��D��h@ �$b"���
�d��"S]�D
�S

[+ system call G�+#$�#
��� RTP ��  RTCP �+�" kernel G�+� ��$e��

���� 
µClinux #S?�

#"�

�"
R"��+ aYR+��
+@��Ad�������`�����  build image G�+� ��$e��

���� 
µClinux AMR����d��"S]�D
�S

[+ system call S
+��F�����`�D��M?��D�?��D� ��QR�Ad����
��@	�� 
symbol 
F�+q G�+ kernel AMR�?CFH�?]" image S
+��F��@��`~�� System.map @ ���F��M system call 
	d���
�#$�#
��� RTP ��  RTCP $���e�?CFSD�? S
+�C$AMR 2 

 

 
 

F��J����PI E2  �	S+ system call G�+#$�#
��� RTP ��  RTCP AMR$���e�?CF]"`~��  
                                    System.map 
 
 \D��M system call G�+#$�#
��� RTP ��  RTCP $���e�?CFH�?]"`~�� System.map S
+
]"�C$AMR 2 �h�	S+�F� system call S
+��F��`SD�
����
�S

[+�?CFH�?]" kernel G�+� ��$e��

���� 
µClinux ��M?��D�?��D� S
+"
["���@Y+	����\�
!"���������E
R"
F�+q @�� system call ���F�"M[`SD
A
"AM  #S?��QR�"d���������E
R"AMR�
!"�GY["��@�� system call S
+��F��`$
�S

[+]ED+�"�
�
� ��$e��

���� µClinux AMRH�?]" kernel �M system call G�+#$�#
��� RTP ��  RTCP 
�S

[+�?CF 
��������E
R"���F�"
["�h@ 	����\Ad�+�"`SD�?F�+\C�
D�+#S?`�F�MGD�B�S���S]Sq ���SGY[" 
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;�L��PI������CGL%�� system call �R�%u E
%������
� RTP ��� RTCP ��:��n%���%>�L�%E
%

EL
:K��PI<�PI��EL
%��" system call N�%��R�� 
 

���%>�L�%E
%EL
:K� 
 

1)  struct socket_udp  
 
typedef struct _socket_udp socket_udp; 
struct _socket_udp{ 
 int mode; // IPv4  
 char *addr; //�$b"�F� IP address G�+BCDAMR	�D�+ session "M[GY["��]ED+�" �ME"�SGD��C��$b" 
string  
 uint16_t rx_port; // ��GAMRG�+ port AMR]ED]"����
�GD��C� 
 uint16_t tx_port; // ��GAMRG�+ port AMR]ED]"���	F+GD��C� 
 struct socket *udp_sock; //#��+	�D�+ socket 	d���
� session 
 uint32_t addr4; // �$b"�F� IP address AMRBF�"����$�+SD�? function in_aton() ��M?��D�?��D� 
              int sock_fd; // ��G$� @d�

�G�+#��+	�D�+ socket udp_sock G�+ session "M[ 
}; 
 
�$b"#��+	�D�+GD��C�G�+ UDP Session AMR�$b"�Q["c�"]"���	�D�+�$b" RTP Session 
 

2)  struct rtp_packet 
 
typedef struct{ 
 uint32_t *csrc; 
 char *data; // payload AMR���@L�?CF]" RTP packet 
 int data_len; // G"�SG�+ payload 
 unsigned char *extn; 
 uint16_t extn_len; /* Size of the extension in 32 bit words minus one */ 
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 uint16_t extn_type; /* Extension type field in the RTP packet header   */ 
              /* field AMR�?CFSD�"�F�+"M[@
��CF#S?
�+�
� header 
F�+q H�?]" RTP packet */ 
#ifdef WORDS_BIGENDIAN 
 unsigned short   v:2;  /* packet type                */ 
 unsigned short   p:1;  /* padding flag               */ 
 unsigned short   x:1;  /* header extension flag      */ 
 unsigned short   cc:4;  /* CSRC count                 */ 
 unsigned short   m:1;  /* marker bit                 */ 
 unsigned short   pt:7;  /* payload type               */ 
#else 
 unsigned short   cc:4;  /* CSRC count                 */ 
 unsigned short   x:1;  /* header extension flag      */ 
 unsigned short   p:1;  /* padding flag               */ 
 unsigned short   v:2;  /* packet type                */ 
 unsigned short   pt:7;  /* payload type               */ 
 unsigned short   m:1;  /* marker bit                 */ 
#endif 
 uint16_t          seq;  /* sequence number            */ 
 uint32_t          ts;  /* timestamp                  */ 
 uint32_t          ssrc;  /* synchronization source     */ 
}rtp_packet; 
 
�$b"#��+	�D�+G�+ RTP packet �MA
[+���AMR�$b" Big Endian ��  Little Endian 
 

3)  struct rtcp_sr 
 
typedef struct{ 
 uint32_t         ssrc; // ��G ssrc G�+BCDAMR	F+ RTCP SR packet "M[����� 
 uint32_t         ntp_sec; // NTP timestamp most significant word 
 uint32_t         ntp_frac; // NTP timestamp least significant word 
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 uint32_t         rtp_ts; // �F� RTP timestamp AMR
�+�
� NTP timestamp 
 uint32_t         sender_pcount; // @d�"�"G�+ packet AMR){�?	F+	F+����� 
 uint32_t         sender_bcount; // @d�"�" byteG�+GD��C�A
[+��SAMR){�?	F+	F+����� 
}rtcp_sr; 
 
�$b"#��+	�D�+G�+ RTCP SR packet 
 

4)  struct rtcp_rr 
 
typedef struct { 
 uint32_t ssrc;  // ��G ssrc G�+BCDAMR	F+ RTCP RR packet "M[����� 
#ifdef WORDS_BIGENDIAN 
 uint32_t fract_lost:8;   // �

��	F�"]"���	CN��?G�+GD��C� 
 uint32_t total_lost:24; // @d�"�"G�+GD��C�AMR	CN��?A
[+��S 
#else 
 uint32_t total_lost:24; 
 uint32_t fract_lost:8; 
#endif 
 uint32_t last_seq; //sequence number G�+ RTP packet �F�	LSAMR�
�`SD 
 uint32_t jitter; // �F� interarrival jitter 
 uint32_t lsr; // ����AMR`SD�
� RTCP SR �F�	LS��@��){�?	F+ 
 uint32_t dlsr; // �F�����AMR delay � ��F�+����AMR`SD�
� RTCP SR �F�	LS��@��){�?	F+�� 
����AMRAd����	F+ RTCP RR packet "M[���`$ 
} rtcp_rr; 
 
�$b"#��+	�D�+G�+ RTCP RR packet 
 
 
 
 



 

111 

5)  enum rtcp_sdes_type 
 
typedef enum  { 
        RTCP_SDES_END   = 0, 
        RTCP_SDES_CNAME = 1, 
        RTCP_SDES_NAME  = 2, 
        RTCP_SDES_EMAIL = 3, 
        RTCP_SDES_PHONE = 4, 
        RTCP_SDES_LOC   = 5, 
        RTCP_SDES_TOOL  = 6, 
        RTCP_SDES_NOTE  = 7, 
        RTCP_SDES_PRIV  = 8 
} rtcp_sdes_type; 
 
�$b"#��+	�D�+GD��C�AMR��h�E"�SG�+ RTCP SDES ���`�D 
 

6)  struct init_rtp_params 
 
typedef struct { 
 const char *addr; // IP address $��?A�+G�+ session "M[ 
 uint16_t rx_port; // ��GAMRG�+ port AMR]ED bind �GD��
� UDP socket 
 uint16_t tx_port; // ��GAMRG�+ port AMR]ED]"���	F+ UDP packet 
 int ttl; // �F�G�+ TTL ��QR��M���	F+GD��C���� multicast 
 double rtcp_bw; // �F� bandwidth A
[+��S (bytes 
F� ��"�AM) AMR�d��"S]�D�
� RTCP 
 uint8_t *userdata; // GD��C�����T��+�?F�+AMR�d��"S]�D�
� session "M[ 
} init_rtp_params; 
 
�$b"#��+	�D�+G�+GD��C�AMR]ED	d���
����	�D�+ RTP session 
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7)  struct send_data_params 
 
typedef struct { 
 uint32_t rtp_ts; // �F� timestamp AMR@ "d�`$]ED]"���	�D�+ RTP packet 
 char pt; // E"�SG�+ payload AMR�?CFH�?]" RTP packet 
 int m; // maker bit AMR@ �d��"S]�D�
� RTP packet 
 int cc; // @d�"�"G�+ contributing source A
[+��SAMR�?CFH�?]" RTP packet 
 uint32_t *csrc; //array G�+ SSRC 	d���
� contributing source 
 char *data; // GD��C�AMR@ "d�`$��h�]" RTP packet ��QR�	F+���`$ 
 int data_len; // G"�SG�+GD��C� 
 char *extn; // Extension data (\D��M) 
 uint16_t extn_len; // G"�SG�+ Extension data 
 uint16_t extn_type; // E"�SG�+ Extension data 
} send_data_params; 
 
�$b"#��+	�D�+G�+GD��C�AMR]ED]"���	�D�+ RTP packet 	d���
�	F+���`$ aYR+@ 	
+��
`SD�F��
�T� 
G�+GD��C�AMR�?CFH�?]"#��+	�D�+"M[�M�
�T� ���Q�"�
�#��+	�D�+G�+ RTP packet AMR��F��\Y+`$
�F�"�"D�"M[ 
 

8)  struct set_sdes_params 
 
typedef struct{ 
 uint32_t ssrc; // �F� SSRC G�+	��E��"
["q H�?]" session 
 rtcp_sdes_type type; // E"�SG�+ RTCP SDES packet 
 const char *value; // GD��C�AMR@ ]ED�d��"S]�D�
� source 
 int length; // G"�SG�+GD��C� 
}set_sdes_params; 
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�$b"#��+	�D�+G�+GD��C�AMR]ED	d���
��d��"S�F�]�D�
� RTCP SDES packet ��QR�]ED packet S
+��F��
]"����d��"S�F�AMR
D�+�����+�?F�+]�D�
� source G�+ session aYR+@ ���F�GD��C�AMR�?CFH�?]"
#��+	�D�+"M[@ �M�
�T� ���Q�"�
�#��+	�D�+G�+ RTCP SDES packet 
 

9)  struct options 
 
typedef struct { 
 int  promiscuous_mode; 
 int wait_for_rtcp; 
 int filter_my_packets; 
 int reuse_bufs; 
} options; 
 
�$b"#��+	�D�+G�+GD��C�AMR]ED]"����d��"S option 
F�+q ]�D�
� session ��QR�]�D session Sd��"�"���
��+�?F�+ 
 

10)  struct rtcp_rr_wrapper 
 
typedef struct _rtcp_rr_wrapper { 
 struct _rtcp_rr_wrapper *next;  
 struct _rtcp_rr_wrapper *prev; 
              uint32_t                 reporter_ssrc; // �F� SSRC G�+BCDAMR	�D�+ RTCP RR packet "M[GY["�� 
 rtcp_rr   *rr; // #��+	�D�+G�+ RTCP RR packet 
 struct timeval  *ts; // ����AMR RTCP RR packet "M[�S�"A�+��\Y+ 
} rtcp_rr_wrapper; 
 
�$b"#��+	�D�+AMR]ED@
S��h� RTCP RR packet A
[+��SAMR`SD�
����`�DH�?]" session 
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11)  struct source 
 
typedef struct _source { 
 struct _source *next; 
 struct _source *prev; 
 uint32_t  ssrc; 
 char  *cname; 
 char  *name; 
 char  *email; 
 char  *phone; 
 char  *loc; 
 char  *tool; 
 char  *note; 
 char  *priv; 
 rtcp_sr  *sr; 
 struct timeval  last_sr; 
 struct timeval  last_active; 
 int should_advertise_sdes;  
 int sender; // flag AMR]ED�F+����F� source "M[�Q�BCD	F+��Q�`�F 
 int got_bye; //flag AMR]ED�F+����F�`SD�
� RTCP BYE packet @�� source "M[��Q�`�F
 uint32_t  base_seq; 
 uint16_t  max_seq; 
 uint32_t  bad_seq; 
 uint32_t  cycles; 
 int received; 
 int received_prior; 
 int expected_prior; 
 int probation; 
 uint32_t  jitter; 
 uint32_t  transit; 
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} source; 
 
�$b"#��+	�D�+GD��C�AMR]ED��h���?� ��M?S
F�+q G�+ source aYR+
F��?CF�
� RTP session ]Sq 
 

12)  struct rtp 
 
struct rtp { 
 socket_udp *rtp_socket; // UDP socket 	d���
�#$�#
��� RTP 
 socket_udp *rtcp_socket; // UDP socket 	d���
�#$�#
��� RTCP 
 char  *addr; // IP address $��?A�+G�+ session "M[ 
 uint16_t  rx_port; // ��GAMRG�+ port AMR]ED bind �GD��
� UDP socket 
 uint16_t  tx_port; // ��GAMRG�+ port AMR]ED]"���	F+ UDP packet 
 int     ttl; // �F�G�+ TTL ��QR� session "M[ �M���	F+GD��C���� multicast 
 uint32_t  my_ssrc; �F� SSRC G�+ source AMR
F��?CF�
� session "M[ 
 int    last_advertised_csrc; 
 source  *db[RTP_DB_SIZE]; // GD��C�G�+ source �QR"q A
[+��SAMR
D�+�?CF�
� session "M[ 
]"AMR"M[@ ��h�GD��C�G�+	��E��AMR
F��?CF�
� session S
+��F��`SD\Y+ 11 	��E�� 
              rtcp_rr_wrapper  rr[RTP_DB_SIZE][RTP_DB_SIZE];  
 options  *opt; //option G�+ session "M[ 
 uint8_t  *userdata; 
 int invalid_rtp_count; // @d�"�" RTP packet AMR�
��GD�����D� format `�F\C�
D�+ 
 int  invalid_rtcp_count; // @d�"�"G�+ RTCP packet AMR�
��GD�����D� format `�F
\C�
D�+ 
 int bye_count; //@d�"�"G�+ source AMR	F+ RTCP BYE packet ����� 
 int csrc_count; //@d�"�"G�+ CSRC A
[+��SH�?]" session "M[ 
 int  ssrc_count; // @d�"�"G�+ SSRC A
[+��SH�?]" session "M[ 
 int  ssrc_count_prev; // �F� ssrc_count AMR�d�"��`SD�F�"�"D�"M[   
 int  sender_count; // @d�"�"G�+ source AMR�"D�AMR�$b"BCD	F+H�?]" session  
 int  initial_rtcp; 
 int sending_bye; // flag AMR]ED�F+����F�G� "M[ source S
+��F���d��
+	F+ RTCP BYE 
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packet ��Q�`�F    
 double avg_rtcp_size; 
 int we_sent; 
 double   rtcp_bw; // �F� bandwidth G�+ RTCP    
 struct timeval  last_update; 
 struct timeval  last_rtp_send_time; 
 struct timeval  last_rtcp_send_time; 
 struct timeval  next_rtcp_send_time; 
 double   rtcp_interval; //�F�AMR�d��"SEF�+����]"���	F+ RTCP compound packet 
\
S`$ 
 int   sdes_count_pri; 
 int   sdes_count_sec; 
 int   sdes_count_ter; 
 uint16_t  rtp_seq; 
 uint32_t  rtp_pcount; 
 uint32_t  rtp_bcount; 
              int firsttime_rr; // ]ED
��@	���F� RTCP RR packet AMR`SD�
��GD���@�� source ]Sq �$b" 
RTCP RR packet ���	d���
� source S
+��F����Q�`�F 
              rtp_packet *current_rtp_packet; // RTP packet �F�	LSAMR`SD�
� 
}; 
 
�$b"#��+	�D�+GD��C�G�+ RTP session AMR]ED]"���G"	F+ RTP packet ��  RTCP compound packet 
� ��F�+ source ]Sq 

 
System call E
%������
� RTP ��� RTCP 

 
1)  rtp_init_syscall  

 
int rtp_init_syscall(struct rtp * session, init_rtp_params * init_params) 
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�$b" system call AMR]ED]"���	�D�+�� �d��"S�F����R�
D"
F�+q ]�D�
�  RTP session #S? argument AMR

D�+	F+]�D�
� system call S
+��F��`SD��F 
 

-  struct rtp * session �$b" pointer G�+ RTP session AMR]ED	d���
���h� RTP session aYR+ 
system call "M[	�D�+GY[" 

-  init_rtp_params * init_params �$b" pointer G�+#��+	�D�+GD��C�AMR��h��F�
F�+q aYR+@d��$b"
	d���
�]�Dsystem call S
+��F��"d�`$]ED]"���	�D�+ RTP session AMR\C�
D�+ 

 
\D� system call "M[	����\	�D�+ RTP session `SD	d���h@@  return �F� 1 ����� 
 

2)  rtp_set_sdes_syscall 
 
int rtp_set_sdes_syscall(struct rtp * session, set_sdes_params * sdes_params) 
 
�$b" system call AMR]ED]"����d��"S�F���+�?F�+]�D�
� source #S? argument AMR
D�+	F+]�D�
� system 
call S
+��F��`SD��F 
 

-  struct rtp * session �$b" pointer RTP session AMR source S
+��F���EQR��
F��?CF 
-  set_sdes_params * sdes_params �$b" pointer G�+#��+	�D�+GD��C�AMR��h��F�
F�+q aYR+

@d��$b"	d���
�]�D system call S
+��F��"d�`$	�D�+ RTCP SDES packet ��QR�]ED�d��"S�F�AMR
D�+���
]�D�
� source "
["q `SD�?F�+\C�
D�+ 

 
\D� system call "M[	����\�d��"S�F�AMR
D�+���]�D�
� source `SD	d���h@@  return �F� 1 ����� 
 

3)  rtp_send_ctrl_syscall 
 
int  rtp_send_ctrl_syscall(struct rtp * session, uint32_t  rtp_ts) 
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�$b" system call AMR]ED	d���
�
��@	��EF�+����]"���	F+ RTCP compound packet �� @ Ad����
	F+ packet S
+��F��A
"AM��QR�\Y+EF�+����AMR�d��"S #S? argument AMR
D�+	F+]�D�
�system call 
S
+��F��`SD��F 
 

-  struct rtp * session �$b" pointer G�+ RTP session 
-  uint32_t rtp_ts ����$*@@L�
"AMR�?CF]"�"F�?G�+ media timestamp 
 

\D� system call "M[Ad�+�"`SD	d���h@@  return �F� 1 ����� 
 

4)  rtp_recv_syscall 
 
int rtp_recv_syscall( struct rtp * session, struct timeval * timeout, uint32_t curr_rtp_ts, rtp_packet 
* p, char * data) 
 
�$b" system call AMR]ED]"����
� RTP packet #S? argument AMR
D�+	F+]�D�
�system callS
+��F��
`SD��F 
 

-  struct rtp * session �$b" pointer G�+ session AMR@ ]ED]"����
� RTP packet 
-  struct timeval * timeout �$b"�F�AMR�d��"S����aYR+�"LN�
]�D system call S
+��F���� RTP 

packet AMR	F+��@��){�?	F+GD��C� \D�system call"M[�� RTP packet AMR
D�+���"�"���"��F��F����� 
timeout AMR�d��"S system call S
+��F��@ �?LS���Ad�+�"G�+
"��+]"���"
["A
"AM 

-  uint32_t curr_rtp_ts ����$*@@L�
"AMR�?CF]"�"F�?G�+ media timestamp 
-  rtp_packet * p �Q� RTP packet AMR`SD�
�@�����Ad�+�"G�+ system call S
+��F��]"���"M[ 
-  char * data �Q�GD��C�AMR�?CFH�?]" RTP packet aYR+`SD�
��GD��� 
 

\D� system call S
+��F��	����\�
� RTP packet `SD @  return �F� 1 ����� �
F\D����S timeout 
�	M?�F�"�h@  return �$b"�F� 0 �A" 
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5)  rtp_update_syscall 
 
int rtp_update_syscall( struct rtp * session) 
 
�$b" system call AMR]ED]"��� update �F�
F�+q H�?]" session #S? argument AMR
D�+	F+]�D�
� system 
call S
+��F��`SD��F 
 

-  struct rtp * session �$b" pointer G�+ session AMR
D�+���]�DAd���� update �F� 
 

\D� system call "M[Ad�+�"`SD	d���h@@  return �F� 1 ����� 
 

6)  rtp_send_data_syscall 
 
int rtp_send_data_syscall(struct rtp * session, send_data_params * send_params) 
 
�$b" system call AMR]ED	d���
�	F+ RTP packet ���`$?
+ RTP session #S? argument AMR
D�+	F+]�D�
� 
system call S
+��F��`SD��F 
 

-  struct rtp * session �$b" pointer G�+ session AMR@ ]ED]"���	F+ RTP packet ���`$ 
-  send_data_params * send_params �$b" pointer G�+#��+	�D�+GD��C�AMR]ED	d���
�	�D�+ 

RTP packet G�+GD��C�AMR
D�+���	F+���`$ 
 

\D� system call "M[	����\	F+ RTP packet ���`$`SD	d���h@@  return �F� 1 ����� 
 

7)  rtp_send_bye_syscall 
 
int rtp_send_bye_syscall( struct rtp * session) 
 
�$b" system call AMR]ED]"���	F+ RTCP BYE packet ����� #S? source ]SAMR
D�+������@�� RTP 
Session AMR
"��+�EQR��
F��?CF]"G� "
[" @ 
D�+��M?�]ED system call "M[��QR�Ad����	F+ RTCP BYE 
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packet ���`$]�D�
� source �QR"q AMR
F��?CF�
� RTP session S
+��F���F�"�	�� #S? argument AMR
D�+
	F+]�D�
� system call "M[`SD��F 
 

-  struct rtp * session �$b" pointer G�+ RTP session AMR source S
+��F��
D�+���?��������
�EQR��
F� 

 
\D� system call "M[Ad�+�"`SD	d���h@@  return �F� 1 ����� 
 

8)  rtp_done_syscall 
 
int rtp_done_syscall( struct rtp * session) 
 
�$b" system call AMR]ED]"������M?���F�
F�+q G�+ RTP session AMR source "
["q ?���������EQR��
F� 
#S?@ �M�����M?�]ED system call "M[�h
F���QR� source S
+��F����M?�]ED system call 
rtp_send_bye_syscall ��M?��D�?��D��AF�"
[" S
+"
[" system call "M[@Y+Ad��"D�AMR�$�M?��	�Q�"������
@�� RTP session �?F�+\��� aYR+ argument AMR@ 
D�+�d��"S]�D�
� system call S
+��F���Q� 
 

-  struct rtp * session �$b" pointer G�+ RTP session AMR source S
+��F��
D�+���?��������
�EQR��
F� 

 
\D� system call "M[Ad�+�"`SD	d���h@@  return �F� 1 ����� 
 

9)  rtp_my_ssrc_syscall 
 
int rtp_my_ssrc_syscall( struct rtp * session, uint32_t ssrc_value) 
 
�$b" system call AMR]EDSY+�F� SSRC $� @d� source "
["q ����� #S? argument AMR@ 
D�+�d��"S
]�D�
� system call S
+��F���Q� 
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-  struct rtp * session �$b" RTP session AMR source S
+��F���EQR��
F��?CF 
-  uint32_t ssrc_value �$b"

��$�AMR]ED��h��F� SSRC G�+ source "
["q ����� aYR+�F� SSRC 

AMR��h��?CFH�?]"

��$�S
+��F���h@ `SD@�����Ad�+�"G�+ system call "M["
R"��+ 
 

\D� system call "M[Ad�+�"`SD	d���h@@  return �F� 1 �����
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