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I.1(%7� 
Protocol TCP/IP  <%�2�#V6621&%%)' 3+	�&1ก������&1<%ก��<�	8��
	��=�/�

ก&%3#(&*�0�ก :-�ก���&18��3W�X3��3+	�):��<%0�ก%)'(��%&'% �&��)ก���&18�� 
3W�X
	��=�1%��ก�C /��� �&18��3W�X�./����+�����./X+��%5*� 3#�&�+��
���./X+��/%5*�Y5*��)�.�.(��()*3ก�ก���ก���&18��3W�X1%0�ก��ก 65�(7�</	 
ก���&18��
	��=�+	�� Protocol TCP/IP 3���)#�.8B(ZB?�; 

�)ก-&������/%5*���� <%8?��.:�+�	��()*�*7�:����% �)ก��8=	�1ก&%กB+ก���B�
6��+�B8Y��ก&%�����/%&ก �)ก(&'����*��1B%ก[1B%�1ก&%1%(	��W\�#$% ;&%A�7� 
:-�#\������ -	��ก��8�� 
	��=�?��กB6</	6�8X1�%(��0(�C&;���4��:-�@�
#��ก]��� 6�8X1�%3�8����4�&1
	��=�?��กB63+	%�*��6�ก8?�;:�+�	��()*
�*7�:��  

6�ก-&������+&�ก����65�(7�</	�)ก���B6&�;�*�:ก	#V^/�%)':�.3+	�)ก���B+�	% 
Protocol Delay Tolerant 
5'%��;�*�:ก	#V^/�+&�ก���� 

 

�=#()* 1 ?�;���ก��(7���%
�� DTN 

host 6.8�� Bundle @��% router @��%ก-��X 3#�&�</	0/%+4&+3#0/%+ A 
��*� 0/%+ A 3+	�&1 Bundle :�	� ก[6.(7�ก��-�1ก�&13#�&� host ()*8�� bundle ��
���3+	�&1bundle:�	� :�	�0/%+ A ก[6.ก���#$% host :�	� 0/%+ A ก[6.(7�ก��
8�� bundle 3#�&�0/%+ B ��*� 0/%+ B 3+	�&1 bundle :�	�ก[6.(7�ก��-�1
ก�&13#/�  0/%+ A ���3+	�&1 bundle :�	�  :�	�0/%+ B ก[6.(7�ก��8�� bundle 
3#</	 0/%+ C :-�#��ก]��� 0/%+ C กB+
	��=�-[� 0/%+ B ก[6.8�� bundle 
3#</	0/%+ D :�	�0/%+ D ก[6.-�1ก�&13#/�0/%+ B ���3+	�&1 bundle :�	� 
:�	�0/%+ D ก[6.ก���#$%0e8-X :�	�0/%+ D 6.(7�ก��8��
	��=�3#</	0/%+
#���(�� :-�#��ก]���0/%+#���(�� กB+/-2
&+
	��3��8����4-B+-��ก&1
0/%+ D 3+	
	��=�ก[6.4=ก;&ก3�	()*0/%+ D :�.��*�0/%+#���(��8����4
-B+-��3+	:�	� 0/%+ D ก[6.(7�ก��8��
	��=�3#/�0/%+#���(�� :�	�0/%+
#���(��ก[6.-�1ก�&13#/�0/%+ D ���3+	�&1 bundle :�	� ก[6.61
&'%-�%ก��
(7���% 

bundle ��� /���%:;[กก[- Y5*�6.ก[1 name tuples 
�� dtn :�. 
	��=�()*
-	��ก��8��3�	
	��<% name tuples ��� ��*�()*<�	�	���B�;�*��	%/�8	%(��8��
	��=�
3#</	0/%+#���(�� Y5*�6.#�.ก�1+	�� 2 8��% ��� region name :�. entity 
name 

1. region name ��� ��*�
��ก�2������
��� DTN 0+�6.3���)��*�Y'7�ก&% (7�
/%	�()*<%ก��#$%-&�1�ก</	  DTN gateway (��1��� node #���(����=� region 
3/% 

2. entityname ��� ��*�
��0/%+3�	<�	�	���B�E;�.<% region  
Router ��� ()*(7�ก��ก[1
	��=�:�.8��-��
	��=� 
Gateway ��� ()*(7�ก��ก[1
	��=� :�.8��-��
	��=� :�.�	%/� entity 

name #���(�� :�.�����%��� delay time 

II.0#�0-��� 
A. DCCP Protocol  

 

�=#()* 2 ก��(7���%
�� DCCP Protocol 

Delay Tolerant And Opportunistic Networking 

��B8�� �&�8B(ZBi, -�B- ��*%#�.(2�(��, ;[^CB�B ��%��, �%2�&j%X <6+), 8��B-�) 6=�ก-2, (�);�DX (2�;&�, �B+;�CX -�#��1,  
>&k;�DX -2�&%0%, %��C&ก+Bi Z&^^��&กDX, �B6B-�� 
6�, ��(B-��;� 0�6�&-%X :�. (�Bก� 6&%(�� 

8�
�(�0%0��)8��8%(C ?���B���B(��ก�����;B�-��X �>.�B(��C�8-�X �/��B(���&�
�%:ก�% 
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�B*�-	%6�ก ���*�� client 6.(7�ก��-B+-��3#�&����*�� server ��*� server 
3+	�&1ก��-B+-�� server ก[6.(7�ก��-B+-��ก�&13#/� client :�	� client ก[6.8�� 
Ack(/����
�7�+&1ก��8��
	��=����*�� client) ก�&1��/� server :�	� server ก[
6.(7�ก��8�� data(
	��=�) + ack + data ack(/����
�7�
�����*�� server) 3#
;�	��ก&%0+��=#:11ก��8��
	��=�6.#$%:11 packet ��*����*�� client 3+	�&1

	��=� ก[6.ก��8�� data+ ack + data ack ก�&13#/� server  ��*�-	��ก���ก�Bก
ก��8��
	��=� server ก[6.8�� close request ��()* client ;�*��	��
�</	���*�� client 
#o+ก����*��-�� ��*����*�� client 3+	�&1ก���	��
�ก[6.(7�ก��#o+ก����*��-��
:�	�8�� response 3#/� server :�	�server ก[6.(7�ก��#o+ก����*��-��  

 

�=#()* 3 Header DCCP Protocol 


	��=�<% packet 6.#�.ก�13#+	�� header :�. data +&�%)' 
Source port = port -	%(�� 
Dest port = port #���(�� 
Data of set = /����
 packet 
CCval = 
	��=�header ()*
	��/&8 
Checksum Coverage = �[�����4=ก-	��
�� packet 
Checksum: �[�1B( 
Type: #�.?(
���=#:11�7�8&*� 
Sequence Number : /����
�7�+&1 

B. SCTP Protocol 

 

�=#()* 4 ก��(7���%
�� SCTP Protocol 

ก��(7���%
�� SCTP 6.�B*�6�ก ���*�� client 8�� init 3#/����*�� server 
:�	����*�� server 6.(7�ก�� 8�� int , ack ก�&13#/����*�� client :�	� ���*�� 
client 6.(7�ก��8�	�� cookie :�	�(7�ก��-�1ก�&13# server ;�*�</	 server (��1
��� client 3+	8�	�� cookie :�	�  ��*� server 3+	�&1 
	��=�:�	� ก[6.(7�ก��8�	�� 
cookie ;�*�<�	-B+-��ก&1���*�� client :�	�(7�ก��-�1ก�&13#/� client ;�	��(&'�
8�� ack ก�&13#/����*�� client +	�� ก[6.#$%ก��8�[6
&'%-�%ก��-B+-��  

 

�=#()* 5 ก��#o+ก����*��-�� SCTP 

���*�� client (7�ก��#o+ก����*��-�� :�	�6.8��
	��=�3#1�ก server ���3+	(7�
ก��#o+ก����*��-��:�	� ��*� server 3+	�&1
	��=� ก[6.(7�ก�� #o+ก����*��-�� :�.
8�� ack :�. 
	��=�ก�&13#/� client ��*� client 3+	�&1
	��=�ก[6.(7�ก��-�1
ก�&13#/� server ���3+	�&1
	��=�ก��#o+ก����*��-��:�	� ก[6.#$%�&%8�[68B'%
ก��#o+ก����*��-�� 


	��=�
�� SCTP 6.#$%ก��8��:11 packet Y5*� packet 6.#�.ก�1+	�� 
header :�. chunk Header 6.#�.ก�1+	��     

Source Port Number Destination Port Number 

Verification Tag 

Checksum 

�=#()* 6 header SCTP 

Source Port Number = /����
 port -	%(�� 
Destination Port Number =  /����
 port #���(�� 
Verification Tag  = ก��-��68�1����4=ก-	��
��
	��=�:�.@=	8�� 
Checksum  = �[�����4=ก-	��
�� packet 

65�(7�</	8�2#
	�:-ก-����./���� protocol TPC ก&1 delay tolerant network 
3+	��� SCTP #$%0#�0-���()*�)����%����*�4��<%ก���&18��
	��=� %�*��6�ก

	��=�()*4=ก8��3#6.3+	�&1ก����%�&%:%�%�%��� 
	��=�%&'% 6.45�0/%+#���(��
��1�����:%�%�% :-�(��� /�ก(7�ก��8��
	��=�<%8?�;:�+�	��()*3����'��7�%�� 
��% 8��
	��=�3#+���&����Y5*��)�.�.(��()*3ก� /�กกB+3��8����4-B+-��ก&1
0/%+#���(��3+	 ก[-	��(7�</	 0/%+-	%(��(7�ก��8��
	��=�Y'7��)ก��&'� Y5*�#$%
#V^/��������ก<%ก���&18��
	��=� +	�� protocol SCTP  :�.ก���&1-8��
	��=�
6.#$%ก��8��
	��=��./����-	%(��-#���(�� Y5*�/�ก-	%(��:�.#���(���)
�.�.(��()*3ก�ก&%��ก 6.(7�</	ก����%�&%ก���&18��
	��=�<�	���%�%��กก���
6.3+	�&1ก��-�1ก�&1 :�.4	�<�	ก���&18��
	��=�+	�� DCCP Protocol Y5*�ก��
�&18��
	��=�6.#$%:113���)����%����*�4�����
	��=�6.8����1 65�3��/��.()*6.
%7�3#<�	<%ก��8��
	��=�()*-	��ก��
	��=���1 100% :�.(&'� 2 protocol %)'6.�)

&'%-�%<%ก��-B+-���B*�-	%ก�.1�%ก�� �&1-8&*� 
	��=�ก&%�./����0/%+-	%(��
ก&1#���(��Y5*�6.(7�</	8)����<%ก��(7�ก���&1-8��
	��=�  

:-�4	�/�ก<�	 protocol delay tolerant 
	��=�()*4=ก8��6�ก0/%+-	%(�� 6.4=ก
8��-����/�0/%+4&+3#��*��A Y5*�/�กกB+
	�@B+;��+ ��%3��8����4-B+-��ก&1
0/%+#���(��3+	 
	��=�()*4=ก8����ก3#/�0/%+#���(��ก[6.4=กก[13�	()*
0/%+ก���(��()*#$%-&���*��<%ก��8��
	��=�/�0/%+#���(�� ��*�(7�ก��
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-B+-��0/%+#���(��3+	:�	�0/%+()*ก[1
	��=�()*��=�ก���(��ก[6.(7�ก��8��

	��=�</	0/%+#���(�� Y5*� Delay tolerant network 6.8����4(7���%3+	+)ก���
ก��<�	 SCTP :�. DCCP <%ก���&18��
	��=��.�.3ก�/���<%8?�;:�+�	��()*
3����'��7�%�� 

-����()* 1 #�)�1()�1
	�:-ก-����./���� DTN ก&1 SCTP :�. DCCP 

Feature/Service DTN SCTP DCCP 

reliable √ √ - 
Hand chake - √ √ 

Store data √ - - 
End To End - √ √ 

multicast √ √ - 

C. ��������� !"#$ %& '()*+),-���( DTN 

ก��(%-����������	�<%����
���-&��&1�=	:113�	8��1%0(�C&;(X���4�� 
(Delay Tolerant Mobile Sensor Networks DTMSN) #�.ก�1+	��0/%+ (nodes) 
2 �%B+ ��� 0/%+-&��&1�=	3�	8��
��0(�C&;(X���4�� (modile sensor nodes) :�.
0/%+#���(�� (sink node) -���6�ก����
����&1�=	3�	8��:11+B� 0+� DTMSN 
�)�&ก
�.()*3��Y'7�ก&% ��% ก�����*�%()*
��0/%+ (node mobility) ����/���
�./����0/%+<%ก����*��-�� (sparse connectivity between node) ��������	�()*
3��:%�%�%
��ก��8��
	��=� (unpredictable delays of data transmission) :-�ก[
�&��)�2>8�1&-B()* /���%ก&%ก&1����
����&1�=	3�	8��:11+B� ;�&���%()*3��
;)��;�
��;�'%()*()*67�ก&+()*<�	6&+ก[10/%+  

<% DTMSN �)ก��0-	-�1�����-��%�*���./����0/%+<%����
��� :�.ก��
���*�%()*
��0/%+ 0���8�	��
������
���65�#$%:113+%��Bก (dynamic) Y5*�
�)'</	/[%����(	�(��</��87�/�&1ก����ก:11ก�� routing protocols ()*�)
#�.8B(ZB?�;8=�ก���+B� +&�%&'% ก��8��
	��=�0#�0-���:11+B� 65�3��8����4
(7�</	#�.8B(ZB?�;+)
5'%ก���+B�3+	 ก�3ก</��65�-	��%7���#�&1</	
	�ก&1ก��<�	
��%;BCD�)ก/�������� 
��%�B6&�%)' ��8%�<%��*��
��ก��8��
	��=�0#�0-���:11</�� Y5*�8����4
#�.�2ก-Xก&1 DTMSN 3+	 0#�0-���%)'ก�.1�%ก��8��
	��=�6.:1����ก#$% 2 

&'%-�% ��� 
&'%-�%ก���&1
	��=�:�.
&'%-�%ก��8��-��
	��=� 
&'%-�%ก���&1

	��=�%&'%/%	�()*/�&ก ��� ���ก0/%+
	��=�()*3+	�&1 :�.
&'%-�%ก��8��-��
	��=�
�)/%	�()*/�&ก ��� ���ก0/%+()*+)()*82+6�ก0/%+()*3+	�&1:�.(7�ก��8��-�� ก��
���ก0/%+()*6.8��-��3#%&'%6.
5'%��=�ก&1 {ก�3กก��<�	���| @��&;ZX6�กก��
(+���:8+�</	/[%��� ก��8��
	��=�@��%0#�0-���</��%)'6.(7�</	�&-��ก��8��

	��=�8=�ก���+B� <�	;�&���%%	�������3#45��+��������	�
��ก��8��
	��=� 
(data delay) 

{ก��ก7�/%+8	%(������%��6.#$%�.�.ก����*��-��
������
���| @=	
)�%
8%�45�ก�3กก��ก7�/%+8	%(��<%ก��8��-��()*3��8�*7�8��<%ก����*��-��

������
��� ����%��6.#$%
��ก�3กก��ก7�/%+8	%(�� �����B+/�&ก-	��
��C&�
	��=�#�.�&-BC�8-�X:-��.0/%+ (ก����+ก��>Xก��8��) (2ก0/%+�)����

%��6.#$%()*6.3+	;1ก&1�&% 4	� 2 0/%+��6�ก&% ก����+ก��>Xก��8���./����
(&'�8��0/%+6.�)0�ก�8;B*�
5'% 4	� 2 0/%+3��3+	6�ก&%#$%�.�.���%�% 
ก����+ก��>Xก��8��6.�)0�ก�8�+�� ก�3ก
��ก��2(ZXก��8��-��
	��=�#$% 1 
0/%+()*6.8��-��E;�.0/%+()*�)
%�+</^�ก��� 

<% [58] @=	
)�%3+	8%�45�ก�� routing protocol 
&'%��=�ก&11�B1( (based 
context-aware) �����B+/�&ก���
	��=�%&'% A 6.8��-��<%(BC(��3#-��
#���(��45�-	%(��-��ก����++� -���7�+&1ก��:ก	3
#V^/�
	��=�@B+;��+
;��.0/%+�)
	�@B+;��+��=�#$%#�.67� <�	ก�3กก�����ก/���8	%(�� 0/%+
%)'��66.�&+��ก
	��=�:�.8��
	��=�3#�&�0/%+<ก�	�)�� @��&;ZX
���BZ) SCAR 
<%����Y'7�Y	�%
��
	��=�()*�)��ก 

8��%()*;B*�
	��� �����B+/�&ก
�� RED protocol ()*%7�8%�<% [59] :�. 
FAD protocol <% [60] ���ก��8��-��
	��=�
5'%��=�ก&1����%��6.#$%
��ก��8��

	��=� <%����%��6.#$%ก��8��
	��=� 
��0/%+-&��&1�=	  (sensor nodes) 
8����4�7�%�>0+�
5'%��=�ก&1
	��=�#�.�&-B
��0/%+/���%)' 0/%+6.�&+��ก
E;�.
	��=�()*�)����%��6.#$%ก��8��
	��=�#$%0/%+()*�)
%�+</ �̂ก���
��
-&��� 

D. +'=�>?�"=@��%)*+),-�� 
:1��ก�.1�%ก��8��
	��=�#$% 2 
&'%-�% ��� 
&'%-�%ก���&1
	��=�:�.


&'%-�%ก��8��-��
	��=� <%
&'%-�%ก���&1
	��=�%&'% ��*�0/%+�)
	��=�()*6.8�� 
3��<��0/%+(&'�/�+()*<ก�	�)��6.�&1
	��=� E;�.0/%+/���%&'%Y5*�-�18%��
����-	��ก�� 8����4�&1
	��=�:�.-��6�ก%&'%ก[6.3+	�&10/%+ 8��%
��

&'%-�%ก��8��-��
	��=�/�&�6�ก3+	�&1
	��=�:�	� ก�3ก()*%7���<%
&'%-�%%)'
�)�ก��� {ก�3กก��<�	��� (hand up mechanism)| 0/%+ก���7�%�>���()*<�	��� 
:�.�.�.(��45�0/%+#���(�� ;�&���%()*/�����ก
5'%
��0/%+�&1
	��=�
:�.<ก�	ก&10/%+#���(�� Y5*�ก��ก�3กก��<�	���<�	���%	����ก���+B� 0/%+
%&'%<�	���%	��()*82+0+�8����48���7��	��
	� packet <%
&'%-�%:�ก<%ก��8��
0/%+:�.-��6�ก%&'%6.8��
	��=���ก3#6�ก0/%+ <%
>.()*0/%+��*% A �.(B'�

	��=�0/%+%)'6.�)ก���&1
	��=� 

1. 
&'%-�%ก���&1
	��=� 
<%
&'%-�%ก���&1
	��=� ก�3ก%)'6.(7 �</	0/%+8��
	��=�3+	(&%()

-��6�ก%&'%6.���ก0/%+()*/��.8�()*6.#$%0/%+;�*��&1
	��=� �����3�ก[-��
<%0#�0-���ก��%/%	�%)'#$%0/%+()*8��
	��=�6.-B+-��ก&10/%+<ก�	�)��#$%
�&%+&1:�ก:�.-��6�ก%&'%1��0/%+<ก�	�)��%)'6.���ก�&10/%+ก��%()*6.8��

	��=�-�� :-�<%��%�B6&�
���� 0/%+6.8��
	��=�3+	(&%():�.-��6�ก%&'%0/%+
<ก�	�)��6.-&+8B%4	�8����4�&10/%++	��-&��� Y5*�;B*�#�.8B(ZB?�;�&-��
����87��[6
��ก�8��
	��=� :�.�+����8)�/��
��
	��=�กB+6�กก�����*�%()*

��0/%+ 

/%	�()*/�&ก
��
&'%-�%%)'���ก�����ก
	��=�
��ก���&10/%+ 0/%+
<ก�	�)��(&'�/�+6.�B���./X
	��=�
��-%��<%ก��-&+8B% 4	�0/%+-��-��
��*�%3
(&'�/�+6.3+	�&10/%+ Y5*�E;�.ก���&10/%+8����4�&1
	��=�()*6.#$%

	��=�()*�&10/%+ 0/%+6.-	��-�18%��ก� 3 
	�+&�-��3#%)' 
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ก�
	�()* 1 :  4	��.�.(���./����0/%+<ก�	�)��ก&10/%+#���(���)

%�+�[กก����.�.(���./����0/%+()*8��
	��=�ก&1#���(�� 0/%+<ก�	�)��6.
�&1
	��=�6�ก0/%+ 

ก�
	�()* 2 : ��*��)
	��=�
	��� 0/%+<ก�	�)��6.-��68�1;�'%()*����

�� buffer :�.4	�;�'%()*����
�� buffer ;)��;� �&%6.�&1
	��=�6�ก0/%+ 

ก�
	�()* 3 :  <%��6����ก��8��
	��=� 4	�0/%+<ก�	�)��6.3��%7�

	��=���ก6�ก0Y%ก��8�*�8�� ก&10/%+()*8��0/%+%)'6.�&1
	��=�6�ก0/%+ 

�&-42#�.8��X
��ก�����ก�&1
	��=�6�ก0/%+���0/%+6.8��
	��=�(&%() 
:�.0/%+<ก�	�)��6.-��68�14	��&%-�18%��ก�;�'%k�% 3 
	� 

-�%%)'��6.�B���./X �BZ)ก��-��68�1���0/%+-��ก&1ก�(&'� 3 
	� 
0/%+()*�)ก�����*�%()* ;�*�()*6.ก7�/%+���0/%+6.%7�
	��=���ก6�ก0Y%

ก��8�*�8��
��
	��=�?��<%��6�ก��8�*�8�� <%
�1
-
��ก��8�*�8�� ��
-	��ก���B���./Xก�����*�%()*()*8&�;&%ZXก&%�./����0/%+ :�.-��6�ก%&'%6.
-&+8B%<6��� �&%8����46.ก���#$%0/%+�&1 ����8&�;&%ZXก�����*�%()*
�./���� 2 0/%+���ก���B���./X +&��=#()* 6 

-&�:#�/�&ก;B6��>�6�ก�����[�
��0/%+ก��8��
	��=�:�.�&1
	��=� 
(V1, V2) ����2��./����(BC(��ก�����*�%()*:�.(BC(��ก����*��-��
��(&'� 2 
0/%+��� ( βα , ) 
�1
-
��ก��-B+-��8�*�8��:-��.0/%+��� R �.�.(��
�./����0/%+8��
	��=�:�.0/%+<ก�	�)����� d ��6����ก��-B+-��8�*�8����� 
T 

�=#()* 6 0/%+()*(7����*��/������ {@=	8�� (sender)| ���0/%+8��
	��=�Y5*��)

	��=�()*6.8�� 0/%+()*(7����*��/��� {n| ���0/%+<ก�	�)��
��0/%+8��
	��=� 
?��/�&�6�ก�.�.���
�� T ��-	��ก���B���./X���0/%+<ก�	�)��6.%7���ก
6�ก0Y%ก��-B+-��8�*�8�� /�&�6�ก��� T 0/%+ {@=	8�� (sender)| ���*�%�	��3#
()*-7�:/%�� A :�.0/%+ n ���*�%3#()*-7�:/%�� B {d| ����.�.(���./����(&'� 2 
0/%+<%���%&'% A -��()*3+	�B���./Xก�����*�%()*()*8&�;&%ZXก&% ��(��13+	
+&�%)' 

<%(BC(��
��ก��
%�%+	��ก����*��-���./���� 2 0/%+ �������
�./���� 2 0/%+��� |BO| 

|BO| = d-(V1*cos a+V2*cos β )*T    
   (1) 

 
�=#()* 6 �=#:11
������8&�;&%ZXก�����*�%3/��./����0/%+ [22] 

(BC(��<%:%�-&'�
��ก����*��-��(&'� 2 0/%+ ��������./���� 2 0/%+��� 
|AO| 

 |AO| = (V1*sin a+V2*sin β )*T    
    (2) 

/�&�6�ก��� T 0+� (1), (2) ��6.3+	�.�.(���./���� 2 0/%+��� d� 

 D� = 22 |||| BOAO +     

    (3) 
0/%+8����4-&+8B%����&%6.�&1
	��=�0/%+3+	 0+�#�)�1()�1 d� ก&1 


�1
-
��ก��-B+-��8�*�8�� R  4	� d� %	��ก��� R 0/%+6.3���	����ก6�ก0Y%
ก��-B+-��8�*�8�� +&�%&'%65�8����4�&1
	��=�6�ก0/%+3+	 <%(��-��ก&%
	�� 
0/%+6.3��8����4�&1
	��=�3+	 �=#()* 7 ���:@%?�;
��ก�����ก0/%+
&'%��=�
ก&1ก�3ก�<%
	��-	% 

 
�=#()* 7 ก�����ก
��0/%+�&1
	��=� [22] 

 
2. 
&'%-�%ก��8��
	��=� 
/�&�6�ก()*3+	�&1
	��=�0+�0/%+�&1
	��=�(&'�/�+:�	� -�%%)'6.#$%ก��

#\�%
	��=�
	�3#8=�
&'%-�%ก��8��-��
	��=�<%
&'%-�%%)'/%	�()*/�&ก���ก�����ก

	��=�;�*�8��-��3#�&�0/%+ /�&�6�กก�����ก
	��=�
��0/%+�&1
	��=�:�	� 
0/%+�&1
	��=�(&'�/�+6.3��%7���ก6�ก0Y%ก��-B+-��8�*�8��/�&�6�ก��� T 
+&�%&'% 0/%+�&1
	��=�8����40-	-�1ก&10/%+8��
	��=� -��6�ก%&'%ก[6.-&+8B%
Y5*�6.ก�����#$%
	��=�8��-��3#�&�0/%+ 0/%+()*�)�2>8�1&-B;)��;�45�6.
3+	�&1ก��8��-�� 0/%+�&1
	��=���*% A ก[6.(7�ก��(B'�
	��=�0+�-�� 

ก�3ก87�/�&1ก��:
��()*6.#$%0/%+8��
	��=�%&'%��� {ก�3กก��<�	��� 
(Hadn up Mechanism)| �����B+/�&ก
��ก�3ก%)'���ก���7�%�>
��0/%+�&1

	��=� {ก�3กก��<�	��� (Hadn up Mechanism)| 0+�ก��<�	�&กD>.;BCD
��
1�B1( (context parameters) ��*�/�+���()*<�	ก�3ก 0/%+�&1
	��=�6.-��6
;18&^^�>3������ (busy tone) <%0/%+<ก�	�)��#$%�&%+&1:�ก 4	�3�� �&%6.8��

	��=� packet ()*3+	�&1ก���	��
�6�ก0/%+8��
	��=�3#�&�ก���	��
�ก��8��

	��=�(&%() ��*�0/%+8��
	��=��&1�7��	��
� packet �&%6.(7�</	 {8&^^�>3��
���� (busy tone)| ก��#\��ก&%6�ก0/%+��*%8���7��	��
� packets 8B*�%)'6.(7�</	
0/%+8���7��	��
� packet 3+	87��[645�0/%+8��
	��=�6.ก���#$%0/%+�&1

	��=�#$%�&%+&1:�ก Y5*�8����48��
	��=���ก3#:�.3+	�&1
	��=� 

���<�	ก�3ก8����4�7�%�>3+	 0+� 3 ;����B-��X ;�&���%()*/��� (E) 
:�.�.�.(��(d) 45�0/%+#���(�� ��6����ก��-B+-��8�*�8����� (T) 
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 Time = k*(d/E)*T     
  (4) 

<% (4) ����.��(���./����0/%+:�.0/%+#���(�� E ���;�&���%()*�&�
/�����=�
��0/%+�&1 T ������
���.�.���()*ก7�/%+3�	 k ���#�B��>��%()*(7�
3+	 

;�*�()*6.1���2����8�+2�
��ก��1�B0?�;�&���%<%/�=�0/%+ ��;B6��>�
;����B-��X;�&���%<% (4) ;�*�()*6.�+67�%�%
�� hops ��;B6��>��.�.(��
�./����0/%+:�.0/%+#���(�� ;�&���%()*0/%+/�����=� :�.�.�.(��()*�[ก
ก����./����0/%+:�.#���(�� ��8����4(7�</	<�	���%	��ก���+B�0+�ก�3ก
ก��<�	��� +&�%&'%0/%+8����4#$%0/%+:�ก()*6.8���7��	��
� packet 45�0/%+
8��
	��=� ()*6.#$%0/%+8��-��
	��=� :�.-��6�ก%&'%�&%6.8����48��-��
	��=� 

0#�0-���</����3+	8%����8����4-��68�1</	:%�<645��&-��
����87��[6ก��8��
	��=�()*8=�ก��� ;��.��6����ก��-B+-��8�*�8��(&'�/�+ 6.
3���)ก���&10/%+:�.8=^8)�ก��-B+-��ก&10/%+()*8�� �&%8����4��1�2��&-��
����87��[6ก��8��
	��=� �&%8����48�	������8�+2�<%ก��<�	;�&���%�./����
0/%+ %�ก6�ก%)' ;)��0/%+�&1(��%&'%()*6.8����4���ก8��-��
	��=�3#�&�
0/%+3+	 ����Y'7�Y	�%
��
	��=�6.�+�� 

III.�	�-B'� 

<%ก��ก7�/%+8	%(��<% Delay Tolerant Networks (DTN)  3��8����4<�	

�BZ)ก��ก7�/%+8	%(�� :11()*����
���#ก-B<�	3+	 %�*��6�ก0/%+()*��=�1%

8	%(��
��ก��8��
	��=���6�)ก��
�+/��3#3+	<%1��������� Y5*���6(7�</	

กB+ก��8��
	��=�()*����	�:�.กB+ก��8=^/��
��
	��=�3+	��ก 65��)ก��ก7�/%+

�BZ)ก��ก7�/%+8	%(��:�.8��
	��=�<% DTN 0+�(&*�3#ก��ก7�/%+8	%(��%&'%�)

8���=#:11+	��ก&%��� �BZ)ก��ก�.6��87�%�
	��=� (Flooding Strategy), ก��8��

-��
	��=� (Forward Strategy)  :�.ก��8��:11
	��/&8 (Coding Strategy) 

A. ก'+$ %DEEก+>F'=$G'?('������ (Flooding Strategy) 
�BZ)ก��ก7�/%+8	%(��:�.8��
	��=�:11 Flooding #$%�BZ)()*����()*82+<%ก��

8��
	��=�<% DTN 0+�0/%+-	%(��6.(7�ก��87�%�
	��=�3�	/���A�2+ ก��%()*
6.(7�ก��8��3#�&�(2กA0/%+()*8����4-B+-��3+	 ���45�0/%+#���(�� /�ก
ก��-B+-��8�*�8��กB+#V^/�
5'% :�	�0/%+#���(���&�3��3+	�&1
	��=� 0/%+-	%
(��:�.0/%+��*%A6.(7�ก��8��
	��=�87�%�()*�)��=� Y'7�3#��*��A 6%ก�.(&*�
#���(��3+	�&1
	��=�87��[6 �BZ)ก��%)'8����4(7�3+	���� :�.�)#�.8B(ZB?�;<%
ก��8��
	��=�8=� :-�6.8B'%#����(�&;��ก�<%����
�����ก %�*��6�ก�)ก��
ก�.6��
	��=���=�1%(2กA0/%+ ��%�B6&�(��+	�%�&�ก��5(5� �BZ)ก��8��
	��=�
:11ก�.6��87�%��)��=�/����BZ)+	��ก&%+&�%)'  

Single-Copy Replication routing (SCR) #$%ก��8��
	��=�()*6.87�%�
	��=�

5'%��;)���2++)�� :�	�8��
	��=�3#�&�0/%+()*��=�e�14&+3# /�ก
	��=�8=^/��
ก[6.87�%�
	��=�
5'%��</��:�	�8��3#�)ก��&'� ()�.e�16%45�#���(�� �BZ)%)'6.
�����+ก��<�	(�&;��ก�
������
�����3#3+	 %�*��6�ก��*�#���(��3+	�&1

	��=�:�	� 6.8����167�%�%87�%�()*�	����=�3+	�������+�[� 

A-SMART #$%ก��8��:11 Multi-Copy Replication routing(MCR) 0+�6.
�) Routing table 87�/�&16&+ก�2��
��0/%+<%:-��.e�1 ;�*�ก7�/%+67�%�%
��
87�%�:�	�(7�ก��ก�.6��
	��=�3#�&�ก�2��%&'%A (7�</	8	%(��ก��8��
	��=��)
/���/��ก
5'%  

Spray and Focus #$%ก��8��:11 SCR  �BZ)/%5*� 0+�6.:1����ก#$%8��
�.�. �.�.:�ก6.(7�ก��87�%�
	��=�
5'%��:�	�8��3#�&�(2ก0/%+ :�	�6.
	�8=�
�.�.()*8��;�*�(7�ก��+=���0/%+<+()*�&�3���)87�%�6.(7�ก��ก7�/%+8	%(��:�.
8����ก3#</	 0+�(2ก0/%+()*�)87�%�:�	�ก[6.(7�ก���&+��ก:�	�6.ก�.6��
87�%�3#��*��A6%ก�.(&*�
	��=�45�#���(�� 

Dynamic Spray and Wait with Quality of Node �)�&กD>.��	�� Spray and 
Focus 6.�)ก��8�	��87�%�3�	/���A87�%�<%:-��.0/%+ 0+�6.�)ก��ก7�/%+
67�%�%87�%�-���2>?�;
��0/%+(QoN) 3+	:ก�67�%�%0/%+;�*�%1	�%()*
8����4-B+-��3+	 :�.67�%�%กB6ก���()*กB+
5'%
��0/%+%&'% 

B. ก'+$ %DEE$ %, ������� (Forward Strategy) 
�BZ)ก��ก7�/%+8	%(��:11%)'6.#$%ก��8��
	��=� 0+�6.<�	�BZ)ก��ก[1


	��=�
�����*�
�����3�	()*0/%+ก��% ;�*�<�	<%ก��ก7�/%+8	%(��ก��8��

	��=�:�	�8��3#;)��8	%(��+)�� Y5*�
	��=�-���A
��:-��.0/%+6.�)�ก��� 
�-�Bก ��% �.�.���ก��(7���%
��0/%+, 
%�+
��1&;W��X �&กD>.ก��
���*�%()*
��0/%+ 67�%�%0/%+;�*�%1	�%#$%-	% Y5*�
	��=��-�Bก/���%)'6.
%7���<�	<%ก��ก7�/%+���%'7�/%&ก<%:-��.0/%+ :�	�<�	�&�ก��5(5�<%ก���	%/�
8	%(��;�*�ก7�/%+8	%(��-��0/%+()*�)���%'7�/%&ก()*+)()*82+ Y5*��BZ)%)'6.3��-	��
87�%�:�.ก�.6��
	��=� :�.<�	8	%(��;)��8	%(��+)��Y5*�6.(7�</	#�./�&+
(�&;��ก���3+	��ก :-��&-��ก��8��
��
	��=� ก[6.�+��-��3#+	�� �)ก(&'��&�
��6กB+#V^/�ก���%�=#
��8	%(��3+	Y5*�6.(7�</	���<%ก��8��
	��=�;B*���ก

5'% ��%�B6&�(��+	�%�&�ก��5(5� Forward Strategy �)/���:11 0+�6.:-ก-���
ก&%()*�-�Bก()*%7���<�	ก7�/%+���%'7�/%&ก+&�%)' 

extended information model 6.#$%ก��%7�����4)*
��0/%+()*-B+-��ก&1-	%
(����<�	<%ก��ก7�/%+���%'7�/%&ก:�	�<�	WV�กX�&*%4+4��<%ก���7�%�%/�
����4)*()*6.กB+
5'%<%�%��- ;�*�</	3+	���%'7�/%&ก()*+)
5'% <%ก��ก7�/%+8	%(�� 

Directional Forward Routing (DFR) 6.ก[1
	��=�ก)*��ก&1 67�%�%87�%�

��
	��=� �&-������87��[6<%ก��8��
	��=�3#�&�0/%+%&'% �.�.���ก��
(7���%
��0/%+ <%ก7�/%+���%'7�/%&ก;�*�ก7�/%+8	%(�� :�.6.�)ก��<�	�� 
ACK ;�*�(7�ก���187�%�()*/����	����=�<%�.113+	 

C. ก'+$ %DEE?��'+�I$ (Coding Strategy) 
6.#$%ก��8��
	��=�0+�6.-	���)ก��
	��/&8
	��=�()*-	%(��ก��% :�	�6.(7�

ก��:1��
	��=���ก#$%/���A8��% :�	�8����ก3# 0+�ก��8����6#$%3+	(&'�
:11 8	%(��+)�� /���ก��ก�.6��87�%�
��:-��.�B'%8��%ก[3+	 �BZ)ก��
	��/&8
;�*�:1��8��%
	��=�%)'6.(7�</	8����4ก7�/%+67�%�%
��ก��<�	(�&;��ก�<%
����
���3+	67�%�%/%5*� ��%�B6&�(��+	�%ก��8��
	��=�:11%)'3+	:ก� 6�ก%&'%6.8��
87�%�
�� �B'%8��%
��
	��=�
��0/%+%&'%3#��*��A 6%ก��� 

Vehicular Coding-Based Forwarding Protocol (VCF) Y5*�#$%ก��8��
	��=�
()*<�	ก��
	��/&8:�.:1��8��%
��
	��=�ก��% 6�ก%&'%6.(7�ก7�/%+8	%(��-��
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�BZ)  Forward Strategy 0+�6.ก7 �/%+8	%(��-��0/%+()*�)�&-��ก� �
-B+-��8�*�8��3+	87��[6 :�.��*�#���(��3+	�&1
	��=���1(2ก8��%:�	�ก[6.
8����4(7�ก��4�+�/&8:�.%7���
	��=�3#<�	3+	 

-����()* 2 #�)�1()�1ก��ก7�/%+8	%(�� 
 Number 

of Copy 
Resource 

Consumption 
Information 

Usage 
Delivery 

Ratio 
Routing 
Table 

SCR 1 Low Low Low No 

A SMART 1 per 
Contract 

Node 

High Low High Yes 

Spray and Focus 1 per 
Contract 

Node 

High Low High No 

Dynamic Spray 
and Wait with 
Quality of Node 

Many High Medium High No 

Extended 
Information model 

None Low High Low No 

DFR None Low High Low Yes 

VCF Many Medium Very High Medium No 

IV.ก���	%/�8	%(��<% Opportunistic 
ก���	%/�8	%(��ก��E��0�ก�8#$%:%�0%	�
��ก����ก:11:11</�� 


��0#�0-���ก���	%/�8	%(��1%����
���3�	8�� <�	
	�3+	#�)�1()*+)
��
Z�����-Bก��8��@��%(����ก�C
������
���3�	8�� :/���()*��8����4<�	
8	%(��()*�)C&ก�?�;/���A8	%(��<%ก��8��-��:;�ก63#�&�#���(�� -&��)'�&+
<%ก���	%/�8	%(��<�	87�/�&1���ก���ก��8��#$%8B*�87��&^��ก87�/�&1ก��
��ก:110���8�	��ก���	%/�8	%(��ก��E��0�ก�8 <%+	�%-&��)'�&+ก���	%/�
8	%(��6.<�	-&��)'�&+ก���	%/�8	%(�� STR (�&-��ก��8��#�.81����87��[6) 
;�*����ก���ก��()*6.8�� 6.;B6��>�@���%6�ก/���Aก����*��0�� :(%/%5*�
ก����*��0��()*+)()*82+��*��0��
	��=�()*<�	<% ETX %�ก6�ก%)'6.8%�ก���	%/�
8	%(��:11ก���	%/�8	%(��ก��E��0�ก�8()*�2-BZ���(Fair)ก&1ก��
	��/&8
:118	%-��0���8�	�� (FORLC) 0+�<�	 STR #$%-&��)'�&+ 

A. Fair and Unfair opportunistic routing Scheme 
�=#:11ก���	%/�8	%(��ก��E��0�ก�8�)��=� 2 �=#:11���ก���	%/�

8	%(��ก��E��0�ก�8:11 unfair/fair  
1. �=#:11
��ก���	%/�8	%(��ก��E��0�ก�8:11 unfair  
�&ก6.8�	��#$%�2+ก��8��-��:11 candidate Y5*�8��-��67�%�%��ก6.4=ก

6&+�7�+&1����87��&^<%���ก�� �7�+&1����87��&^()*8=�
5'%1���)'���0/%+��=�<ก�	
ก&1#���(�� +&�%&'%<% EXOR (2กA0/%+()*���ก6.6&+�7�+&1����87��&^8=�82+
<%ก��8��-��:;[กก[-()*3+	�&1��&'�:�ก:�.0/%+()*�)ก��6&+�7�+&1����87��&^()*-*7�
ก���6.-	����:�.WV�0/%+()*�)ก��6&+�7�+&1����87��&^8=�ก��� ;�*�</	(2ก0/%+
8��E;�.:;[กก[-()*�&�3��3+	�&1ก��-�1�&10+�0/%+()*�)����87��&^()*8=�
5'%   

2. �=#:11
��ก���	%/�8	%(��ก��E��0�ก�8:11 fair  

�&�8�	��#$%�2+ก��8��-��:11 candidate :-�(2ก0/%+<%%&'%�)�����2-BZ���
0+�3���)ก��6&+�7�+&1����87��&^<+ A �);)��:��1��1���2+
��0/%+()*<ก�	�B+
ก&1#���(����กก���:/���()*�� MORE #$%ก���	%/�8	%(��ก��E��0�ก�8
:11 fair ก��8��-��0/%+:11:;�ก6ก��
	��/&8
	��=� ��*�3+	�&1:;[�ก[-()*
8B*�</��6�ก0/%+��*% A:�.�������%����*�4��<%(��()*+) 0/%+3��67�#$%6.-	��
�)���ก��;BCD;�*�#�.8�%��%ก&1�	�-��X��*% 

<%+	�%0���8�	��
�� Opportunistic Routing (OR) #�.8B(ZB?�;
��ก��
(7���%
��0���8�	�� OR 6.
5'%��=�ก&1���1B-�( +	��ก�����ก���1B-�(:113+
%��Bก 1B-�( ก��%��*%-	��ก7�/%+-&��)'�&+</�� ���()*��+���8	%(��<+A6.<�	
<%ก��-B+-��8�*�8��ก&% (ExACT) ก��6&1���()*<�	<%ก��8��:;�ก63#�&�
#���(��+	���&-��()*ก7�/%+()*:-��.e�#?��<-	 OR 6�ก%&'%6.%7�8%�ก�����ก
1B-�(87�/�&1�BZ)ก���	%/�8	%(��ก��E��0�ก�8 (BitSOR) ()*�����+ ExACT 
87�/�&10/%+:-��.�=�<%����
��� ��6.#�.�B%#�.8B(ZB?�;ก��(7���%
�� 
BitSOR 0+�<�	 MIT Roofnet -B+-��:�.:8+�</	/[%ก��#�&1#�2�C&ก�?�;()*
87��&^+	��3+%��Bก�(()*��กก��� OR +	���&-����()*()*+)()*82+ 

B. ก'+?�K�ก�I,+'EL, 
ก�����ก�&-��1B-6.�)�BZ)ก��()*ก)*��
	��+&�%)' 
1. -&��)'�&+ก��ก7�/%+8	%(��  
-&��)'�&+()*<�	%&1e�#()*-*7�()*82+<�	87�/�&1ก���	%/�8	%(�� :8+�</	/[%���

3��67�#$%-	��;B*�(�=;2(
��ก��3/�<%����
���3�	8�� 67�%�%��+/�&�
��ก��
8��@��%(ETX) #�.��>67�%�%
��ก��8��()*67�#$%<%ก��8��:;�ก6 0+�ก���&+
�&-��ก��8=^8)�
��:;�ก6()*4=ก8��@��%��ก�C�./�����=�
��0/%+;�*�%1	�%
(
	���)��ก&%) �&-��ก����*��0��-*7�ก&1 ETX ()*�)
%�+�[ก��66.�	�ก����&-��ก��
��*��0��8=�ก&1 ETX ()*�)
%�+</ �̂ ���()*��+/�&�()*<�	<%ก��8��(ETT) �)

	�67�ก&++	�%()*��=�
�� ETX 0+�1&^�)87�/�&1 bit-rate ETX :�.ETT 8��2-B</	
:;�ก6+B%(��3#-��8	%(��+)��6�ก:/���ก7�%B+3#�&�#���(�� �7�ก����%)'
3��#$%6�B�87�/�&1ก���	%/�8	%(��ก��E��0�ก�8 :;�ก6��66.+B%(��3#
-��8	%(��<+8	%(��/%5*�()*�)C&ก�?�;��กA()*����<%ก��8��-��  

%7�8%�-&��)'�&+</�� Expected Anypath Transmissions (EAX) 6.8.(	�%
</	/[%45�67�%�%
��ก��8��()*67�#$%<%ก��8����1:;�ก66�ก0/%+3#�&�
#���(��?��<-	 OR 

2. ก���	%/�8	%(��ก��E��0�ก�8  
����
���3�	8��:11�&�-Be�#�&ก6.<�	(�%B�ก���	%/�8	%(��()*��	��ก&1

<%����
���:11�)8�� Extremely opportunistic routing (ExOR) #$%/%5*�<%
0���8�	��ก���	%/�8	%(��87�/�&1<%:-��.#���(��  

3. ก�����ก�&-��1B-  
+B�
&'%-�%�BZ)ก�����ก�&-��1B-4=ก8�	��
5'%87�/�&1 WaveLAN - II 802.11 

#$%1&-�()*�)�ก��� Auto Rate Fallback (ARF) Adaptive Auto Rate Fallback 
(AARF) #$%8��%
���
�� ARF ()*�);����B-��X;B*�
5'%#$%8��(��(2กA��� 

&'%-�%�BZ)ก��;�����6.;B*� bit-rate :�./�&�6�ก:;�ก6�	�/�� 6.#$%
#�.0��%X��*�:;�ก6()*�	�/��<�	���8��#$%67�%�%��ก 
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3+�W����X
���2#ก�>X MadWifi87�/�&11&-� Atheros <�	
&'%-�%�BZ)ก�� 
Onoe ()*�)����3�-�������	�/��
��:-��.:;�ก6%	����กก���
&'%-�%
�BZ)ก��:11 ARF :�.0+�(&*�3#6.;�����()*6./��&-��1B-8=�82+()*�)#��XY%-X

���&-��ก��8=^8)�%	��ก��� 50% 

C. ก'+?ML#�*+>$L!NLO'M�(ก'+*P�%กI(ก'+?��'QR%$Q'(!"#,IS%��%D�� %!"#�' 
/�&กก��
��ก���	%/�8	%(��:�.ก��#\��ก&%����#$%8��%-&�  
<%8��%%)' ��6.�ZB1��/�&กก��;�'%k�%
���=#:11ก���	%/�8	%(�� 

phantom :�.%7�8%�0���8�	��:11 opportunistic :�	�#�)�1()�1<%:��
��
����#$%8��%-&�
��:/���()*��84�%()* 

1. Phantom routing principles 
0#�0-���ก���	%/�8	%(�� phantom �) 2 
&'%-�%���  
- random walk 87�/�&1%&167�%�% hop :�.ก�� Flooding/<�	/%5*�

8	%(��<%ก��8��-��3#�&�#���(��<%���� random walk ��*�3/��()*:/���()*���)
ก��8��:;�ก6 6.�)ก��8��:;�ก63#:1182�� 0/%+()*�&1:;�ก6/�&�6�ก���� 
random walk 6.ก���#$%:/���()*��</���)�ก��� phantom 0/%+6.8��
	�����
3#�&�#���(��@��% flooding/<�	/%5*�8	%(��<%ก��8��-��3#�&�#���(�� 

2. Opportunistic Routing Principles 
- <%����()*@��%�� 67�%�%0#�0-���()*3+	�&1ก��;&j%�;�*�#�&1#�2�

#�.8B(ZB?�;<%����
���E;�.กB6 �BZ)ก��/%5*�()*�):%�0%	��)�ก���#$%8	%(��
ก��E��0�ก�8 ()*ก�2��
��0/%+()*#$%:�%+B+(</	1�Bก��ก��4���(�+ :�.
�./����/%5*�0/%+ก[6.�)ก��4���(�+:;�ก6 ก��4���(�+0/%+6.-&+8B%<6
0�ก�8-����*�%3
:113+%��Bก ��% ก��4=ก�1ก�%
��84�%.����8&^^�>
:�.����:��&+
������8&^^�> /�&กก��
��ก���	%/�8	%(��ก��E��0�ก�8 
�&�3+	;&j%�����
��� Opportunistic mesh :�.:%��B+����
���(��#V^^�Y5*�
-��3#6.<�	#�.0��%X6�ก���������-&�
���������*%%�ก/%��6�ก;�'%k�%
��
ก���	%/�8	%(��ก��E��0�ก�8  

0#�0-���()*ก)*��
	��ก&1ก���	%/�8	%(���&�8����4</	����#$%8��%-&�
ก&184�%()*-&'�
��:/���()*�� �)ก��;B*�#�.8B(ZB?�;����#$%8��%-&�</	ก&1
84�%()*-&'�
��:/���()*��<%����
���3�	8�� 65�3+	%7�8%�ก��<�	��%�=#:11
ก���	%/�8	%(��ก��E��0�ก�8 6�กก��87���6��%�B6&�8����4:1��3+	 2 :11 
��� :11
&'%-�%ก��+B%82��:�.:11 flooding / ก���	%/�8	%(��:11 single 
path :�.<�	-&��)'�&+ LAOR 0+�<�	:1167���� NS-2 <%ก��#�)�1()�1 ก��
#\��ก&%ก��
	�45�84�%()*-&'�
��:/���()*��<%:11()*�)-&��)'�&+ LAOR 8����4
#\��ก&%3+	+)ก���:11()*<�	-&��)'�&+ Phan-tom routing protocol 0+��+��� 
overhead :�.ก��8��Y'7�
��0/%+  

ก��<�	-&��)'�&+ LAOR �&������+ก��-B+-��
��0/%+()*#$%C&-�=()*6.-B+-��
;�*�(7����3#�&�84�%()*-&'�
��:/���()*��Y5*�#$%:/���
	��=�/�&ก<%�.11 
����-��
	��6.4������)�&กD>.+&�-��3#%)' :  

- ����-��
	���=	���84�%()*-&'�
��#���(��:�.8����4ก7�/%+
-7�:/%��
��@=	8��Y[%Y��X6�ก-&������
��:;�ก6()*�&%3+	�B% 

- ����-��
	��8����4�	��6�กY[%Y��X/%5*�3#�&��)กY[%Y��X/%5*�
:�.�)67�%�%3��67�ก&+
��ก��<�	;�&���% 

- ����-��
	��6.3���1ก�%ก��(7���%()*/��.8�
������
���-��3#
6.�ZB1��45�8��/�&กก��
��ก���	%/�8	%(��()*:-ก-���ก&%:�.#ก#\������
#$%8��%-&�()*8�+��	��ก&% 

D. ก'+?��'+�I$������ 
#�.8B(ZB?�;<%ก��4���(�+����8&^^�>:113�	8��
������
���ก��

�	%/�8	%(��ก��E��0�ก�8
5'%��=�ก&1ก��
	��/&8����
����B�8	%:1182��:�.
ก��
	��/&8�B�8	%-��ก�3ก
��8	%(��ก��E��0�ก�8 6�กก��87���6
��%�B6&�;1���ก��#�)�1()�1�./����ก��
	��/&8(&'�8�� �BZ)ก��
	��/&8�B�8	%
-��ก�3ก
��8	%(��ก��E��0�ก�88����4����;B*�#�.8B(ZB?�;
��ก��
�	%/�8	%(��ก��E��0�ก�83+	+)ก���ก��
	��/&8����
���:1182��0+�-&��)'�&+ 
OR-PLC <%ก��#�)�1()�1 ก��
	��/&8:11%)'(7�</	��� Throughput 8=�
5'% ��� 
ETX ���()*��+/�&�<%ก��8��%	����:�.overhead <%�.11�+�� 
����.�)�+ก��(7���%
��Protocol  

1. Original Node: #�.ก��:�ก()*0/%++B��)ก��:1��
	��=���<%1�[�ก

	��=�67�%�%��ก ���(&'�
	��=�<%:;�ก6 K 1�[�ก
	��=�()*:-ก-���ก&%8����4
�)67�%�%()*:-ก-���ก&%
��
	��=�:;�ก6;��.�������()*:-ก-���ก&%
��
	��=�
+B� 0/%++B��)ก��8�	���2+
��ก��82��-&��
()*�)�ก��� ก��
	��/&8�ก-��X
:�.67�%�%-&��
/���%ก&%ก&167�%�%
��1�[�ก
	��=� <�	ก��
	��/&8�ก-��X
:�.
	��=�:;�ก6<%1�[�ก
	��=� �&%8�	��ก��
	��/&8:;�ก6</��@��%ก��
���ก&%:11�B�8	%:�.;B*�:;�ก6e++��X3#�&�1��X+���8 8�	��ก��

	��/&8:;�ก6</��:�.ก��1��X+���8+	�%%�ก6%ก���6.3+	�&1 ACK 
��

	��=�3#�&�1�[�ก
��=�#V6621&%6�ก0/%+#\�/��� 6�ก%&'%0/%++B�6.�B*�ก��
8��3#�&�1�[�ก
	��=�4&+3# 

2. -��68�1
	��=�(&'�/�+()*8��3+	-��+��� ��*�0/%+3+	�&1
	��=�
:;�ก6 �&%6.-��68�13#���6.#$%<%Y-
��ก��8��
	��=�
��0/%+/���3�� 
4	�3����=�<%Y-
��0/%+�&%6.(B'�
	��=�:;�ก6()*3+	�&1 ก��-&+8B%���6.#$%
ก��
	��/&8�ก-��X
��
	��=�:;�ก6#V6621&%�)����8&�;&%ZXก&1ก��
	��/&8
�ก-��X
��
	��=�:;�ก6()*3+	�&1ก��%/%	�%)' 0/%+(B'�
	��=�:;�ก6()*�)
����8&�;&%ZX�B�8	%:�.ก[1
	��=�:;�ก6:11�B�8	%������B8�.<%ก��:��

	��=� 

3. Target Node: ��*�0/%+#\�/���3+	�&1
	��=�:;�ก6-�%:�ก6.
-��68�1����8&�;&%ZXก&1
	��=�:;�ก6()*3+	�&1ก��%  4	�#$%����8&�;&%ZX�B�
8	%
��0/%+#\�/����&%6.(B'�/����BE.%&'%6.6&+ก[1
	��=�:;�ก6��<%:�� 
��*�0/%+4�+�/&81�[�ก
	��=�(&'�/�+:�	�8��
	����� ACK ���45�67�%�%

��1�[�ก
	��=�3#�&�0/%++B�@��%8	%(��()*:��()*82+<%0#�0-��� 4	�0/%+
ก���3+	�&1
	����� ACK �&%6./�2+8��
	��=�:;�ก6()*8�	��
5'%6�ก1�[�ก<%
#V6621&%:�.�	��:����ก /�&�6�ก3+	�&1
	����� ACK 0/%++B�6./�2+ก��8��

	��=�:;�ก6()*8�	��
5'%6�ก1�[�ก<%#V6621&%:�.-�)������;�	��<%ก��8��
1�[�ก
	��=�4&+3#
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-����()* 3 
	�+)-
	�8)�
��ก���	%/�8	%(��ก��E��0�ก�8:-��.:11 
Opportunistic Routing 
	�+) 
	�8)� 

Opportunistic routing using location 

Location-Aided 
Opportunistic Routing for 
Mobile Ad Hoc Networks 

-LAOR �����+ก��<�	(�&;��ก�:�.ก��8��Y'7�ก&%�����3���)/-2@�
<%ก�����กก��8��-��0/%+  
-#\��ก&%ก��8=^8)�:;�ก6 
-LAOR �)������+/�2�%��กก���87�/�&1ก�����*�%()*
��0/%+ 

-4	���ก:118	%(��0#�0-���3��+)6.
�)@�-������%����*�
��ก��
%8�� 

Opportunistic Routing for 
Enhanced Source-Location 
Privacy in Wireless Sensor 
Networks 

-;B*�#�.8B(ZB?�;����#$%8��%-&�</	ก&184�%()*-&'�
��:/���()*�� 
-��ก87�/�&1����-��
	��()*6. backtrack 3#�&�()*��
��
	��=�
Y[%Y��X 
-�)����/��ก/���
��:�;;�B��&*%87�/�&1ก��ก[1��1���
	��=� 
-<�	��%ก��+&กWV�;�*��B���./X:�./�@=	#���()*�)����8)*��6.#$%
0��/&�<6 

-ก� � : ;�� ก �. 6 � � @� � % � � ก� C 
 � �

	�����()*#���:#��
5'%8B'%#����
67�%�%()*87��&^
��;�&���%()*�)67�ก&+ 
-;B*�67�%�%
��ก���%ก&%:�.(7�</	
�&-��ก��8��:;�ก6�+�� 
-3�� /��.������B* �87�/�&1����
���
Y[%Y��X3�	8��
%�+</^� 

Opportunistic Routing using bit 

On Bit-Rate Selection for 
Opportunistic Routing 

-ก�����ก�&-��ก��+7�%B%��%:113+%��Bก+)ก���:11 OR +	���&-��
��()*()*+)()*82+ 
-()*�����+ ExACT 87�/�&10/%+:-��.�=�<%����
��� 
-8����4;B*�#�.8B(ZB?�;ก��#�&1#�2�C&ก�?�;()*87��&^+	��3+
%��Bก1B-�(()*��กก���-&��)'�&+:11+B� 

-3��/��.87�/�&1ก��8��@��%��ก�C3#
�&�@=	�&1/���A-&�?��<-	 OR 

Opportunistic routing 
transmission coordination 
using bit map 

-�����+ก��8�*�8��:�.ก���7�%�> overhead 
-�+67�%�%���
��ก��8��:;�ก6;�*�</	#$%ก��#�&1#�2�#�B��>

��
	��=�()*
%4��� 
-8����4#�&1#�2�#�.8B(ZB?�;#�B��>
��
	��=�()*
%4���()*3+	�&1
:11 end-to-end  

-ก��8����64=ก�1ก�%%�*��6�กก��
8��@��%��ก�C<%�&กD>.
��8�*�3�	8�� 
--	���)ก��#�.8�%��%����ก&%ก&1
0/%+��*%A45�6.8����48��-��0/%+
3+	 

Opportunistic Routing using coding 

An Opportunistic Routing 
Protocol Based on Random 
Linear Network Coding in 
Wireless Sensor Networks 

-8����4���%.
	�1ก;����
������3��:%�%�%
���2>?�;
����8&^^�>:113�	8��:�.ก����*��0��8&^^�>()*3��%����*�4�� 
-#�&1#�2�#�.8B(ZB?�;
��throughput :�.��������	�:11 end-to-
end 
-;B*�#�.8B(ZB?�;����8&^^�>
������
��� 
-�����+-	%(2%
��;�&���%<%����
���:�.(�&;��ก� 
-#�.8B(ZB?�;
�������������	�<%ก��8��
	��=��+�� 

-�2>?�;
��/���0Y�0+�(&*�3#��=�<%
�.+&1-*7�%�*��6�ก 
8?�;:�+�	��(��?=�BC�8-�X #$%@�
<%ก���+����%����*�4��
������
���
:�.throughput 

Priority Linear Coding 
Based Opportunistic 
Routing for Video 
Streaming in Ad Hoc 
Networks 

-8����4�+#V^/�ก��:;��ก�.6��
	��=�()*@B+;��+ 
-;�*�;B*��2>?�;
���)+)0�<%ก���&1
	��=� 
-�+��������	�0+�����ก	��/%	�
��ก��
	��/&8:�.4�+�/&8 
-8����4�&กD��2>?�;
���B+)0�()*�) overhead -*7� 
-���87�/�&1:/���()*��:�.#���(��()*6.��
	��=�()* ;)��;�6.
�+���������ก 
-#$%�.11:�ก()*<�	8	%(��ก��E��0�ก�887�/�&1:�;;�B��&*%
�B+)0�:11 real-time  
- OR-PLC �����+ก��:8+�@�����	�3##�.��> 30% 

-�)
	�67�ก&+:1%+X�B+ZX
������
��� 
-����8����4<%ก��ก=	��%8��%����
1��8��%()*87��&^
��
	��=�+B�()*�)
�7�+&1����87��&^8=�
5'% 
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-����()* 4 #�)�1()�1ก���	%/�8	%(��ก��E��0�ก�8 

Opportunistic Routing ���� !��" Through

put 

bandwidth ETX overhe

ad 

'()*!+, User ก,/

012,/3�'

4560ก7 

Opportunistic routing using location 

Opportunistic Routing for Enhanced Source-
Location Privacy in Wireless Sensor Networks 

Phan-tom 
routing protocol 

3��;B*� �)@� %	���� ;B*�
5'% ;B*�
5'% Single,
Multi 

3���)ก��

	��/&8 

Location-Aided Opportunistic Routing for Mobile 
Ad Hoc Networks 

LAOR,
:1167���� NS-

2 

3��;B*� �)@� ��ก
5'% �+�� �+�� Single �)ก��

	��/&8 

Opportunistic Routing using bit 

On Bit-Rate Selection for Opportunistic Routing BitSOR, 
ExACT 

3��;B*� �)@� %	���� 3��
�+�� 

�+�� Single 3���)ก��

	��/&8 

Opportunistic routing transmission coordination 
using bit map 

TCM 8=�
5'% �)@� ��ก
5'% �+�� �+�� Single 3���)ก��

	��/&8 

Opportunistic Routing using coding 
An Opportunistic Routing Protocol Based on 
Random Linear Network Coding in Wireless 
Sensor Networks 

random linear 
coding 

8=�
5'% �)@� %	���� �+�� �+�� Multi �)ก��

	��/&8 

Priority Linear Coding Based Opportunistic 
Routing for Video Streaming in Ad Hoc Networks 

OR-PLC 8=�
5'% �)@� %	���� �+�� �+�� Single,
Multi 

�)ก��

	��/&8 

V.Multicasting 
Delay Tolerant Network /��� DTN ������
���()*(%-����������	� 

0+�(&*�3#�&ก6.%7�3#<�	ก&1ก��8�*�8��#�.?(ก��8�*�8��:113�	8�� ��(B��% 
����
���1%0(�C&;(X���4�� ก��8�*�8��1%��ก�C ก��8�*�8��<%8%���1
��
(��(/�� Y5*�กB+ก��8=^8)�
��8&^^�><%ก��6&+8��
	��=�/���:;[กก[- Y5*�
ก��</	กB+#V^/�<%ก��6&+8����� 
	��=�3��8����48��3#�&�#���(��3+	�����
8�1=�>X �&�%�*����6�กก��8=^/��
��
	��=�<%�./����ก��6&+8�� /�������
����	�<%ก��6&+8��
	����� Y5*�0+�(&*�3# DTN 6.�)�&กD>.ก����*��-��:11 
end-to-end ���ก��8��
	��=�:110/%+-��0/%+ 6�ก���*��-	%(��/%5*� 3#�&�
#���(��;)��62++)�� 65�3+	�)ก��%7���(�0%0��)ก�� multicast ��<�	<%ก��
8��
	��=�;�*�</	กB+#�.8B(ZB?�; :�.#�./�&+(&'�+	�%(�&;��ก�:�.���<�	6���
<%ก��+7�%B%��%  

ก�� Multicasting <% Delay Tolerant Network #$%ก��%7����BZ)ก�� 
multicast ��#�.�2ก-X<�	ก&1 DTN ;�*�</	กB+#�.8B(ZB?�;<%ก��(7���%()*��ก

5'% 0+�8����48��
	��=�/���:;[กก[-6�ก���*��-	%(��;)�����*��+)�� 3#�&�
���*��#���(��3+	/��� A ���*�� (7�</	3+	�&1
	��=������ก�	��
���  �+ก��<�	
(�&;��ก�()*�)��=������67�ก&+ :�.�+��������	�()*กB+6�กก��8��
	��=� 0+�()*
���*��-	%(��6.(7�ก��8��
	��=�3#�&����*��#���(��3+	/��� A ���*�� :�.
���*��-	%(��8����4ก�&1��#$%@=	8��3#�&����*����*% A ()*��=�<%ก�2��+)��ก&%
/���ก�2����*% A 3+	  

Single copy multicasting   #$%ก��8��
	��=�:11 multicast ()*�)ก��(7�87�%�

	��=�;)��87�%�+)��;�*�()*6.8��
	��=�3#�&� hop ()*��=�4&+3# /�ก
	��=�+&�ก����
กB+ก��8=^/�� node -	%(��ก[6.(7�ก��8��87�%�3#</	</�� 0+� node -	%(��
6.8��87�%�
	��=�3#�&�E;�.0/%+()*�)�2>?�;8=�ก��� Y5*��BZ)%)'  #$%�BZ)()*�)
67�%�%ก�� forwarding %	��()*82+ :�.�)�&-��ก��8��
	��=�-*7� 

 
�=#()* 8 single copy multicast <% DTNs [33] 

Multiple copy multicasting  �BZ)ก��%)'6.�)ก��8�	��87�%�
	��=�6�ก node 
-	%(�� #$%�2+ A 3�	ก��%()*6.�)ก��8��-��3#�&�#���(�� /�ก
	��=�กB+ก��8=^
/�� node -	%(�� :�. node ��*% A ()*3+	(7�ก��87�%�
	��=�3�	ก[6.(7�ก��87�%�

	��=�;B*�
5'%�)ก ก��%()*6.8��-��3#�&� node ()*-	��ก��
	��=� 45�:�	���6.#$%�BZ)()*
���%
	���)#�.8B(ZB?�; :-��BZ)ก��%)'�&���<�	��%1&WW��X��ก;�8���� Y5*�
8��@�</	���<�	6���;B*�
5'%-��1&WW��X()*<�	;B*�
5'%+	�� 
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�=#()* 9 Multiple copy multicast in DTNs [33] 

Delegation forwarding multicasting (DF) �BZ)ก��%)'0/%+:-��.0/%+6.(7�
ก��8�	��87�%� :�.8��-��3#�&�0/%+()*;1����)�2>?�;8=�ก���0/%+ก��%/%	�%)'
(&'�/�+ 6%ก�.(&*�45�0/%+#���(��()*-	��ก��
	��=� Y5*��BZ)ก��%)'#$%�BZ)ก��()*
�)�1����:�.�)#�.8B(ZB?�;<%ก��(7���%8=�  �)�&-��ก��8��
	��=�8=� :�.#$%
�BZ)()*�)67�%�% latency %	��()*82+ 

 
�=#()* 10 Delegation forwarding multicast <% DTNs [33] 

%�*��6�ก#�.8B(ZB?�;ก��(7���%
�� DF �)����8����4<%ก���+-	%(2%<% 
DTNs  

(1) 67�%�% forwardings : 67�%�% forwardings 87�/�&1ก�.1�%ก�� 
multicast 4�����#$%���<�	6���87�/�&1ก��1%ก�� multicast %&'% 

(2) latency : �.�.���E�)*��./�����2�%
��
	�����:�.���()*+B%(��3#
45�#���(��82+(	�� {#�.8B(ZB?�;8=�| /���45�67�%�%
�� forwarding ()*
%	���� :�.��������	�()*�)
%�+�[ก 

Flexible multicast Routing (FMR) �BZ)ก��%)'6.�)ก�.1�%ก��8��
	��=�0+�
3��67�#$%-	��(��145�0���8�	��
������
��� 8����4�%2^�-</	 node 8����4

	� :�.��ก6�กก�2��3+	������B8�. ��*��)ก���&1/���8��
	��=��)�1�	��:�	�
��66.��ก6�ก����
���3#3+	 Y5*��BZ)ก��%)' #$%�BZ)ก���)���<�	6���<%ก��8�� :�.
1&WW��X 8=� :-��BZ)ก��%)'�&�6.8����48��
	��=�<%�&-��ก��8��()*8=���%ก&% 

 
�=#()* 11 �=#:11ก��(7���%
�� Flexible multicast Routing (FMR) [35] 

(2ก��&'�
>.()*�&1
	��=�6.�B*�-	%
	�8=� tree multicast +&��=#()* 4 @=	�&1
	��=� R 
3+	(7�ก��8�� 1��+:�8(X REQ 3#�&�(2ก0/%+()*��=�-B+ก&1-&���<%�&กD>.
0���8�	��:11-	%3�	 4	�3��3+	�&1 ACK 6�ก0/%+<+<%�����.�.���/%5*�
:8+����0/%+%&'%8��
	��=�-��</	0/%+;�*�%1	�%(NSet) 0/%+ I 3+	8�� ACK1 
ก�&1���&� R ��*� R 3+	�&1 ACK1 6�ก I :�	�6.8�	��ก����*��-���./���� R ก&1 I 
(4	�-	%3�	�&�-B:�8(X8�� REQ 3#��กก���/%5*�0/%+:�	�3+	�&1 ACK1 ;�	��ก&% 
R 6.;B6��>�0/%+()*�)67�%�%e[�;%	��()*82+) :�.6.1&%(5ก67�%�%8���Bก<%
-	%3�	�&�-B:�8(X(&'�/�+
�� R �)�ก��� In-Tree Set TRUE <%
>.()* R 
	�����
-	%3�	�&�-B:�8(X4	�0/%+;�*�%1	�%3��3+	��=�<%-	%3�	�&�-B:�8(X ��% 0/%+ F 
(0/%+8��-��) 3+	�&1 REQ :�.1��+��8(X-��3#�&�0/%+;�*�%1	�%:�. R� 
#$%0/%+;�*�%1	�%
�� R ��*� R� 8�� ACK2 ก�&13#�&� R ;�*�8�	��ก��
��*��-���./����ก&% (&%()()*/%5*�<%0/%+;�*�%1	�%
�� R 8�� ACK1 ก�&1��
�&%6.8��
	�����3#�&�(2ก0/%+:�.(7�ก����*��-���./����ก&%;�	��ก&1/�2+
8�� REQs (&%() ;�*�-��68�184�%.ก����*��-��6.8��
	����� HELLO 
�./����ก&%<%(2กA 500 ms 4	�0/%+3+	�&1
	������&���=�ก[6.8�� ACK3 ก�&13#
�&�0/%+-	%(�� �)�ก��� In-Tree Flag To FALSE 

Probability and Receiver List (PRL) �BZ)ก��%)' #$%�BZ)()*����;B*�
#�.8B(ZB?�;
��
&'%-�%�BZ)ก��ก7�/%+8	%(��������)%&�87��&^ Y5*� PRL 6.
�7�%�>����%��6.#$%()*6.�)ก��;1ก&%
�� node #���(��(2ก��&'� ;�*�/�
8	%(��()*+)()*82+<%ก��8��
	��=� Y5*��BZ)ก��%)'#$%�BZ)()*�)�&-��ก��8��
	��=�8=� 
latency -*7� :�.���<�	6���-*7� ก��<�	��%1&WW��X��=�<%�.+&1#�%ก���  

Source-Based Delivery (SBD) #$%�BZ)ก��()*����()*82+;�*�</	1���2ก��&+
8��3#�&�ก�2��
��-%�� Y5*���66.�)/-2ก��>X()*@=	8��6.;�����()*6.8��:;[�ก[-
3#�&�8���Bก?��<%ก�2��0+�-�� Y5*�6.�)ก��6&+8��
	��=�6�ก:/���()*�� Y5*�
�BZ)ก��%)'6.�)ก��(7���%��	��ก&1ก�� unicast /��� A ���ก��;�*�</	1���2 ก��
6&+8�� �BZ)ก��%)'6.�)ก��(7�87�%�
	��=�E;�. node -	%(�� latency <%ก��8��8=� 
:-�<%(��ก�&1ก&%�BZ)ก��%)'6.<�	��%1&WW��X-*7� ���<�	6���-*7� �&-��ก��8��8=� 

Group-Based Routing (GBR) �BZ)ก��%)'<%:-��.ก�2��6.8����48��
	��=�3#
�&�8���Bก?��<%ก�2�� /���ก�2��()*-*7�ก���ก�2��
��-%�� Y5*� node -	%(��()*8��

	��=� 6.8��
	��=�3#;)��E;�.
	�����()* node #���(��3��3+	�&1(��%&'% Y5*�
�BZ)ก��%)'  6.#$%ก�3กก��:�ก#�)*�%
	��=�()*�)#�.8B(ZB?�; �)ก��<�	��%
1&WW��X-*7� �&-��ก��8��
	��=�-*7�  

Epidemic routing (ER) �BZ)ก��%)'8���Bก?��<%ก�2��6.�)ก��:�ก#�)*�%

	��=�?��<%ก�2��
��-%��:�.()*#$%8���Bกก&1ก�2����*% A +	�� Y5*��BZ)ก��%)'
#$%�BZ)ก��()*�)ก��%7�(�&;��ก�
	��=���<�	��%3+	������)#�.8B(ZB?�; ��� 
latency -*7� :�.�&-��ก��8��
	��=�8=�()*82+<%1��+��=#:11ก��ก7�/%+8	%(��
(&'�/�+ 87�/�&1�BZ)ก��%)'6.�)#V^/���*��)ก��<�	��%<%84�%ก��>X()*0#�:ก��
#�.�2ก-X�)67�%�%��ก%�*��6�ก����-	��ก��8��8=�  

Y5*�6�กก��%7����BZ)ก��-��� A ��<�	��%����ก&1�BZ)ก�� multicast 65�8����4
8�2##�.8B(ZB?�;ก��(7���%3+	+&�-��3#%)' 
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-����()* 5 #�)�1()�1#�.8B(ZB?�;ก��(7���%
�� Multicasting 
(�0%0��) ก��(7�

87�%� 
ก��<�	

1&WW��X 
�&-��

ก��8�� 
Latency ���<�	

6��� 
[1] Single copy 

multicasting    
1 -*7� -*7� 8=� -*7� 

[2] Multiple 
copy 
multicasting  

Many #�%ก��� 8=� -*7� #�%
ก��� 

[3] DF Many 8=� 8=� -*7� -*7� 
[4] FMR Many 8=� 8=� -*7� 8=� 
[5] PRL Many #�%ก��� 8=� -*7� -*7� 
[6] SBD 1 -*7� -*7� 8=� -*7� 
[7] GBR Many -*7� -*7� 8=� -*7� 
[8] ER Many #�%ก��� 8=� -*7� #�%

ก��� 

6�กก��C5กD�45�;�-Bก���
��ก��8��
	����� ก�� Multicast <% Delay 
Tolerant Network <%ก��8��
	�����:-��.
	�����3��3+	;B*���������	�<%ก��
8��
	�����:�.���<�	6��� <%
>.()*����/[%:ก�-&�
��@=	<�	��%%&'%6.(7�</	
��������	�<%ก��8��
	��=�;B*�
5'% :-�<%(��ก�&1ก&%6.#$%ก��#�./�&+
���<�	6���<%ก��8�� /���<%:��
��ก��4���(�+3#�&�0���8�	��
������
���()*�)
����:-ก-���ก&%  Y5*�ก��;B*�67�%�%
�� hop <% multicast 6.;B*���������	�<%
ก��8��
	�����:�.;B*����<�	6���+	�� Y5*��)ก��;&j%� Probability and Receiver 
List   ;�*�;B*�#�.8B(ZB?�;:�.����8����4<%ก��8��
	��=�<%�&-��8=�:�.
ก��/%������8��-*7�  


	�+)
��ก�� multicasting <% Delay Tolerant Networks 
1. 8%&18%2%ก��ก�.6��3#�&�ก�2��@=	<�	��% (7�</	8����48��
	��=�3#�&�

@=	<�	1�Bก��3+	/��� A ()*<%���+)��ก&% 
2. #�./�&+:1�%+X�BZ 
3. #�./�&+���<�	6��� 
4. ก��<�	(�&;��ก��)#�.8B(ZB?�;��ก
5'%  

	�8)�
��ก�� multicasting <% Delay Tolerant Networks 
1. /�ก�)ก��;B*�67�%�%
�� hop <%����
���6.8��@�</	����
���กB+ก��

8��
	��=�����	�:�. ���<�	6���6.8=�
5'%-��3#+	��  
2. #���� buffer  

VI.Security 
A. $Q'*V,=ก++�-W'�*��@OI=��% DTN 
84�#V-�ก�������#��+?&�
�� DTN #$%ก���&กD�����#��+?&�:�.

0Y�=�&*%87�/�&1ก��3��#o+@���*�
�� DTN 6.
5'%��=�ก&1 IBC (Identity � Based 
Cryptography) 0+�E;�.������B*�ก��:ก	#V^/�:�.�=#:11ก��
	��/&8-&�-%
-���7�+&1�&'% (HIBC) ()*</	1�Bก��0Y�=�&*%()*�)#�.8B(ZB?�;:�.ก��#]B1&-B;�*�
:ก	3
#V^/� 

IHBC (Hierarchical Identity�Based Cryptography) ก��
	��/&8
	��=�
-���7�+&1�&'% #$%ก�3ก87�/�&1ก��4���0�%
	�����()*#��+?&� Y5*�6.<�	
#�.0��%X6�กก��
	��/&8�&1       (IBE�Identity-based encryption) 87�/�&1ก��
�&กD������&1
��
	�����:�.ก��-��68�1:/���()*��6.<�	 IBS (Identity �
based signatures) 87�/�&1-��68�1:/���()*�� 

%�ก6�ก%)' 84�#V-�ก�������#��+?&��&�8%&18%2%ก��-��68�1:11 
hop - by - hop :�.ก��-��68�1����8�1=�>X;�*�</	�&*%<6���
	�����()*8��3#
%&'%�)����4=ก-	��0+�<�	 Bundle (Bab) <%ก��-��68�1;�*�</	�&*%<6���

	�����()*8��6�ก@=	8��3#�&�@=	�&1%&'%�)����#��+?&�<%(7�%��+)��ก&%87�/�&1
:11 end � to � end 6.�)ก���&กD�����#��+?&�0+�ก��1�[�ก Integity 
Payload (PIB) :�.�)ก���&กD������&1()*4=ก1�[�ก0+� Payload (PCB) +&�:8+�
<%�=#()* 6 

 
�=#()* 12 ก��-��68�1 hop by hop [6] 

<%ก���&กD�����#��+?&� ��% ก���&กD������&1 /�������8�1=�>X 
6.-	���)ก��6&+:11 end-to-end :�. hop-by-hop Y5*�?��<%0���8�	��;�'%k�%

�� DTN ก��6&+ก���)�X#$%#V^/�()*��ก()*82+<%ก��6&+ก������#��+?&� 65�
67�#$%()*6.-	���)ก���&1�������4=ก-	��:�.����8�1=�>X
��ก��-��68�1 

0+�(&*�3#@=	�)*����^+	�%ก���&กD�����#��+?&�84�#V-�ก�������
���()*
+) �):%��B+()*8����4
	�<6ก��3/�
��
	��=�:�.����
���()*�)#�.8B(ZB?�;
8����4<�	#�.0��%X3+	+&�%)' 

- 8����4<8�ก�3ก�&กD�����#��+?&�<%84�%()*()*�)62+���%;B*�
5'% 
8��84�#V-�ก������������<%?�;()* 1, 2 :�. 3 ก���B���./X
	�+)
:�.
	�8)�
��:-��.�&%()*</	3�	  

- �)-&�:(% DTN 1&%+B'�<%ก��+7�%B%?��กB6:�.-&�:(%1&%+B'�e�#
-&�4&+3#1%��%��ก�C  

- �)-&�:(%1&%+B'�  DTN <%:-��.84�%)?��;�'%+B%87�/�&1
84�#V-�ก���/���%)'  ��8��2-B�� �#]B1&-Bก��@��%(���.11
�B%(��X%[-�B�Xก�./����#�.(C ��%%)'#$%ก�>)(&*�3#8��%</ �̂ 
+&�%&'%4�����C=%�X���ก��+7�%B%?��กB6 (Mission Operations) %&'%���
ก��8��
	��=�@��%(��84�%)?��;�'%+B%
��12���()*8�� <%ก�>)
��%%)'  �&%3��%��()*�����<+�����/%5*�6.#$%ก��
	��/&8�&1ก��
��*��-��()*84�%)?��;�'%+B% +&�%&'%ก�>)()* 1 :�. 2 �)+�-	��B��X

	��/&8()*C=%�X Mission Operations :�.4�+�/&8()*��%��ก�C 
84�%ก��>X/���%)'�&�4������)ก��
	��/&8�&1��*��-��()*+�-	��B��X�
���X/���%[-�B�Xก����X()*�&'% DTN �����%	��()*82+ 87�/�&1
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84�%ก��>X/���%)'��4������B%(��X%[-0#�0-���/�2+()*;�'%+B% 
:�.0#�0-��� CCSDS 6.<�	87�/�&1ก����*��0��ก��8�*�8��;�'%()*/
;�'%+B% /%5*�8����4�)�ก<�	 DTN @��%����
��� :�.<�	 IPsec /���
ก�����ก&%
�� IPsec :�. DTN security ;�*��&กD�����#��+?&�

���.11 

 

�=#()* 13 DTN ��กก���
	��/&8+�-	��B��X()*<�	1�Bก��4���0�% SLE [1] 

6�ก�=#()* 13 :8+�</	/[%45�84�%ก��>X()* DTN node ��=�()* Mission 
Operations :�. hop -&�4&+3# DTN node ��=�1%��%��ก�C ��8��2-Bก��

	��/&8()*67�#$%:�.84�%)?��;�'%+B%12���()*8��%&'%4=ก<�	 +&�%&'%+�-	��B��X
6.-	��3+	�&1ก��
	��/&8/4�+�/&8�./���� Mission Operations :�.��%��ก�C 
;�*�#�.8�%
	��=�1B-8-�)�, ก��
	��/&8/4�+�/&8+�-	��B��X;BCD#$%8B*�67�#$%
<% Mission Operations ก��
	��/&8
	��=�@��%(��8��%
���
��ก����*��0��
;�'%()* :�;�B��&*%ก��4���0�%1�Bก��:�.�20���X:�;�B��&*%����X :�.�=#ก��
��1�2�6.6&+-&'�
5'% 
	��=�6.4=ก8����6�ก Mission Operation 3#�&�84�%)
?��;�'%+B%()*/��.8�@��%(���20�� IPsec �&กD�����#��+?&�()*6&+-&'�
5'%
�./���� Mission Operation :�.84�%)3W�X����X?��;�'%+B% ()*84�%)?��;�'%+B% 

	��=�+�-	��B��X6.4=ก:�ก6�ก�20���X SLE-TS :�.8��-��3#�&���%��ก�C ()*��%
��ก�C DTN 1&%+B'�8����4:�ก:�.8��-��3#�&�-&�:(%(1&%+B'�()*/��.8�
-��3# 

 

�=#()* 14 ก���&กD�����#��+?&� DTN ()*<�	1�Bก��4���0�% SLE [1] 

6�ก�=#()* 14 ��	��ก&1?�;()* 13 <%ก��:8+�</	/[%45�84�%ก��>X()* DTN 
node ��=�()* Mission Operations :�. hop -&�4&+3# DTN node 1%��%��ก�C 
�����3�ก[-�� ()*%)*ก���&กD�����#��+?&� DTN 1&%+B'�:(%()*ก���&กD�����
#��+?&�+�-	��B��X (:�	���(&'�8��8����4<�	#�.0��%X3+	) ��4�����ก��
	��/&8
�&1()*67�#$%:�.84�%)?��;�'%+B%12���()*8��%&'%4=ก<�	 ()*%)*1&%+B'��)����
#��+?&��./���� Mission Operation :�.#���(��()*/��.8� 3�����6.#$%��%
��ก�C
��0/%++��6&%(�X ก��
	��/&8@��%1&%+B'�@��%:�;�B��&*%1�Bก��4���

0�%8��%
���
��ก����*��0��;�'%()* :�.�20���X:�;�B��&*%����X:�.�=#ก��
��1�2�6.6&+-&'�
5'% 
	��=�6.4=ก8��-��6�ก Mission Operation 3#�&�84�%)
?��;�'%+B%()*/��.8� @��%�20���X�&กD�����#��+?&� IPsec Y5*�3+	ก��-&'�
5'%
�./���� Mission Operation :�.84�%)3W�X����X?��;�'%+B% ()*84�%)?��;�'%+B% 

	��=�+�-	��B��X6.4=ก:�ก6�ก�20�� SLE-TS :�.8��-��3#�&���%��ก�C ()*��%
��ก�C DTN 1&%+B'�8����4:�ก6�ก+�-	��B��X8-�)�:�.8��-��3#�&�-&�:(%
1&%+B'�()*/��.8�-��3# 

 
�=#()* 15 ก���&กD�����#��+?&� DTN 0+�3��-	��<�	1�Bก��4���0�% SLE [1] 

�=#()* 15 -&�:(% DTN 1&%+B'�6.��=�<%:-��.84�%)?��;�'%+B% -&'�:-�ก��
8�*�8��#$% hop-by-hop 3���)����67�#$%-	��
���;�'%()*
��ก����*��0�� +&�%&'% 
SLE ก��
%8��1�Bก��:�;�B��&*%ก-��X8����4�1��ก3+	  %�ก6�ก%)'ก��
��*��0��8����4;B*�#�.8B(ZB?�;�./����:-��.0/%+1&%+B'�@��%(�����ก()*
/��.8�
���&'%��%���X6%YX -&��������% :(%()*6.(7���% LTP �./����
+��()��()*4���(�++��6&%(�X:�. Mission Operations :�.��66.(7�;�*�
84�%ก��>X 1 :�. 2 8����4�)�ก<�	 TCP ��%���X6%YX����X�./���� 
Mission Operations :�.84�%)?��;�'%+B% :�. LTP �./����84�%)?��;�'%+B%
:�.ก��4���(�+ 65�;B*�#�.8B(ZB?�;
��(��%8#��X-0#�0-���87�/�&1:-�
�.ก����*��0�� DTN 

8�����ก��87��&^()*���(��16�ก8��84�%ก��>X : 
(1) ����Y&1Y	�%
��84�#V-�ก���6.-*7�����ก 4	��B%+)()*6.�%2^�-B DTN 

<%ก� �6&+ ก� �ก���&กD ���� �# ��+?& � �+� �� �Y&1Y	�% 
��
84�#V-�ก�������</	/%5*�;�*�(7�����
	�<6:�.62+���%()*��=�<%
����
��� :�.@��&;ZX<%;�'%()*%	��()*8����4<�	#�.0��%X:�.�.11
����#��+?&���ก
5'% 

(2) 67�%�%�=#ก����1�2�6.�+���������ก :-��.ก�3ก�&กD�����
#��+?&�8����4(7���%?��<%�&กD>.
��?��<-	(��%8#��X-
0#�0-���:�.ก�3ก�20���X (tunnel) :�.:-��.(��%8#��X-
0#�0-���-	��8����4+7�%B%ก��ก&1%B8&�E;�.
���=#��1�2�ก���V�
-&� #]B8&�;&%ZX�./����(��%8#��X-0#�0-���:�.ก�3ก�&กD�����
#��+?&�6.���%
	��1�11�� +&�%&'%ก���+67�%�%
��ก��/��/2	� 
(encapsulation) #$%#�.0��%X�������ก 
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-����()* 6 #�)�1()�184�#V-�ก��� DTN :�.ก���&กD�����#��+?&� 
  

[1] DTN ��กก���
	��/&8+�-	��B��X()*<�	1�Bก��4���0�% 
SLE 

84�%ก��>X()*0/%+ DTN ��=�()* Mission Operations :�.0/%+ DTN e�#-&�4&+3#��=�1%
��%��ก�C 

[2] ก���&กD�����#��+?&� DTN ()*<�	1�Bก��4���0�% 
SLE 

��	��ก&1 [1] <%84�%ก��>X()*0/%+ DTN ��=�()* Mission Operations :�.0/%+ DTN e�#-&�
4&+3#1%��%��ก�C �����3�ก[-��()*%)*ก���&กD�����#��+?&� DTN 1&%+B'�:(%()*ก���&กD�
����#��+?&�+�-	��B��X 

[3] ก���&กD�����#��+?&� DTN 0+�3��-	��<�	1�Bก��
4���0�% SLE 

-&�:(% DTN 1&%+B'�6.��=�<%:-��.84�%)?��;�'%+B% -&'�:-�ก��8�*�8��#$% hop-by-hop 3���)
����67�#$%-	��
���;�'%()*
��ก����*��0�� +&�%&'% SLE-Transport Service Application 
gateways 8����4�1��ก3+	 

B. ก'+$K#�$'+!"#*��@OI=+>�W '%MKS(!"# 
@=	8��:�.@=	�&1
	�������6#$%8��;�'%()*()*<�	84�#V-�ก�������#��+?&�

/���%/���-���ก&% /�ก-	��ก��</	:%�<6���ก��8�*�8��#��+?&� ��3+	%7�8%�
ก�3ก()*8����4%7���<�	<%(&'�8��84�%ก��>X 

1) ;�'%()*
��84�#V-�ก�������#��+?&�+)��ก&% 
/�ก(&'�8��;�'%()*<�	 HIBC :�	�@=	8��<�	�/&8:�. public parameter 
�� root 

PKG 
��@=	�&187�/�&1ก��
	��/&8
	��=� <%(7�%��+)��ก&%@=	�&1<�	�/&8:�.  
public parameter 
�� root PKG 
��@=	8��87�/�&1-��68�1���Y[%-X -	���)
����%����*�4���./���� root PKGs 
��;�'%()*()*-���ก&% �%(B-)6.3+	�&1 public 
parameter 
�� root PKG <%ก��8�*�8���%(B-)6�ก  PKG 
��-%��@��%ก��
�	��
� /��� PKG ��64���(�+ public parameter 
��;�'%()*()*-���ก&%#$%�.�.
-��+(&'�0+�% 

 
�=#()* 16 ก��4���0�%
	��=�ก���&กD�����#��+?&��./����8��;�'%()*0+�<�	
�BZ)ก�� HIBC [2] 

-��8��-Bk�%
����-&'�:-��B%(��X%[-#$%;�'%()*/�&กY5*�8��%()*/���
��
;�'%()*�)ก����*��-�� +&�%&'%
	�����6�ก;�'%()* DTN /%5*��&+��.;�'%()*�B%(��X%[-
3#45�;�'%()*#���(�� 

2) ;�'%()*
��84�#V-�ก�������#��+?&�()*:-ก-���ก&% 
;B6��>�84�%ก��>X()*�):/���()*��#$%
��;�'%()*()*<�	ก�3ก HIBC :�.�%(B

-)#���(����=�<%�B%(��X%[-0+�<�	�BZ)ก�� PKI :/���()*��
��ก��
	��/&8

	�����0+�<�	�/&8:�. public parameter 
�� PKG /�&ก:�.���Y[%-X+B6B-�� 

root PKG ��%�&%ก��-��68�1
	�����:�.4�+�/&8
	����� root PKG +5�

	��=� public key 
���%(B-)#���(��6�ก CA ()*��*�4��<%;�'%()*�B%(��X%[- 

	��/&8
	�����0+�<�	 public key 
��#���(��:�.���Y[%-X
	�����()*<�	 
private key Y5*� private key %)'#$%3#-�� PKI 

-��8��-Bk�% ก-��X:-��.;�'%()*�)ก����*��-��:11 end-to-end ก&1
�B%(��X%[-0/%+, PKG /�&ก�) Public keys 8���=� /%5*�<�	<%ก��-&+ก��
��*��-��;�'%()*:�.3+	�&1ก���%2�&-B0+� CA ?��<-	�.11 PKI <%�B%(��X%[- 
�/&8ก2^:68���-�<�	?��<%;�'%()*-&+ก����*��-��<%
>.()*  PKI <�	?��<%
�B%(��X%[- 

4	�:/���()*��6�ก�B%(��X%[-:�.�%(B-)#���(��6�ก;�'%()*-&+ก����*��-��
:�	�+��%X0/�+ public key 
�� PKG /�&ก
��;�'%()*#���(��6�ก CA 
	��/&8

	�����0+�<�	 public key :�.���Y[%-X0+�<�	 private key 
��-&��� PKG 
/�&ก/�&�6�ก-��68�1ก��4�+�/&8
	�����0+�<�	 private key -��ก�3ก PKI 
�&%6.
	��/&8
	�����0+�<�	 public parameter :�.�/&8
���%(B-)#���(�� 
%)*���
	�����()*
	��/&8:�.8��-��3#�&��%(B-)#���(�� 

C. ก'++IกX'-W'�*��@OI=��% DTN 
<%��%�B6&�(��+	�%ก���&กD�����#��+?&�1% DTN %&'% �)(&'�<%�=#:11


��ก��ก7�/%+0#�0-���ก7�/%+8	%(�� ��% ��%�B6&�
�� Feng Cheng Lee 
[52] <�	�BZ)ก��
	�-B+-���2>8�1&-B
������%��6.#$% �)�ก��� Probabilistic 
Routing Protocol using History of  Encounters and Transitivity (PRoPHET)  
6.<�	#�.�&-Bก�����*�%()*
��0/%+#$%-&�:#�<%ก��-&+8B%<6;�*�ก7�/%+
8	%(�� %�ก6�ก%&'%-&�:#�/���%)'�&�8����4<�	<%ก���&กD�����#��+?&�<% 
DTN 3+	+	�� 0+�()* PRoPHET 8����4(7���%3+	0+�3��67�#$%()*6.-	��(��1

	��=�0���8�	��-���A?��<%����
���(&'�/�+ 65��)����/��.8�ก&1ก��(7���%
1% DTN <%��%�B6&�%)'�) attack ��� ก��06�-):11W�&+ (flooding attack) :�.
��%�B6&�
�� Ahmad [44] <�	 CSP ()*�)ก���7�%�></��0+�<�	 Failure 
Divergence Model (FDR) 87�/�&1ก���[� #$%ก���&กD�����#��+?&�<%
����
���()*(%-����������	�0+�3��3+	��C&�ก��
	��/&8
	��=� :-�<�	ก���7�%�>
��� Failure :�.�)ก��#�)�1()�1ก&1 CSP ()*�&�3���)ก���7�%�> ;�*�#\��ก&%ก��
06�-):11 Denial of Service (DOS) 

%�ก6�ก%&'%�&��)ก���&กD�����#��+?&�:111% DTN ()*<�	ก��
	��/&8

	��=�:11-���A ��% ก��
	��/&8:11 BEK [44] /����)�ก��� bundle 
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encrypting key ()*�)ก��(7���%��	��ก&1  PKI Y5*�8����4<�	��%3+	+):-��&��)

	�1ก;����(��+	�%��������	���*�%7���<�	��%<% DTN ก���&กD�����
#��+?&�:11��*%A()* IBC ()*;&j%���6�ก PKI ��<�	��%;�*�#\��ก&%ก��06�-)<%
8?��.:�+�	��:11-���A :�.�+?��.ก��8��
	��=�6�กก��<�	 PKI ��%  
��%�B6&�
��  M.R. Fida [50], Farrell S. :�. Cahill V [55], A. Seth :�. S. 
Keshav [48], P.T. Edelman [47] ;�*���%�&%-&�-%
	��/&8
	��=� :�.#\��ก&%ก��
06�-):11 DOS 3+	 :�.�)ก��<�	<%ก��#\��ก&%ก��06�-):11 pollution attack  
[54] 3+	�)ก+	��  

ก��<�	��% IBC 3+	�)ก��;&j%�<%�=#:11-���A;�*�</	����&1����
���()*�)

%�+</^�
5'%Y5*��)�ก��� Hierarchical Identity Based Cryptography (HIBC) 
[51] :�.ก��
	��/&8:11 SOK [53] Y5*�(&'�8���)ก��(7���%()*��	��ก&%���<�	 
PKG 8���2+-��/%5*��=8Y��X �2+:�ก�)�ก��� Local PKG <�	87�/�&1
-B+-��8�*�8���./�����=8Y��X()*��=�?��<%0+�%/�����(X-��X+)��ก&% �)ก�2+
�)�ก��� Long Range PKG 87�/�&18�*�8��%�ก0+�% 0+��)ก���)���7�+&1�&'%

�� PKG <%�=#:11
��@&�-	%3�	;�*��+?��.ก��(7���%
�� PKG ��*�<�	��%
<%����
���()*�)
%�+</ �̂ 

-����()* 7 #V^/�:�.�BZ)ก��:ก	#V^/�<% DTN 
#V^/� �BZ)ก��:ก	#V^/� 

1. ก��Y	�%(&1
��
	��=�  �)ก����1�2�ก��
	�45�
��
	��=�0+�ก��
	��/&8 (HIBC) ;�*��&กD�����#��+?&�87�/�&1ก��8�*�8��<%
ก�2��8	%(��()*3��%����*�4�� :�.�&�8����4-��68�1:/���()*��
��
	��=�()*8����3+	  

2. ก���&กD�����#��+?&�
��@=	8��3#�&�
@=	�&1ก���&กD�����#��+?&� 

8�	��-&�ก���<%ก����*��-����%  Gateway 
������
���Y[%Y��X6.(7���%#$%�.11�&กD�����#��+?&�
@=	8�� 0+�ก��
	��/&8ก�����ก�2�� Y5*�(7�/%	�()*#$%ก���&กD�����#��+?&�#���(��:�.ก��-��68�1
ก�����ก�2��()*3+	�&1(&'�/�+0+�<�	�/&8ก��%()*6.8��-��3#�&�@=	�&16�B�(&'��)�B%(��X%[-:�.3���)
�B%(��X%[-  

3. ก��06�-)�./����0/%+()*#$%#]B#VกDX
ก&% 

<�	ก��
	��/&8����
��� 0+���C&�0���8�	��;�'%k�% PKI 

4. ก���&กD������&1 �)ก��<�	ก�3กก��
	��/&8:11+&'�+B�Y5*�<%ก��8��%&'% @=	�&16.3+	E;�.�)�X<%ก��
	��/&8�&1 Y5*�6.#$%
ก�3ก:11 end-to-end 87�/�&1ก��#\��ก&%ก��#�.�2ก-X<�	��%<%����
��� :�.ก�3ก:11 hop-by-hop 
87�/�&1ก��#\��ก&%0���8�	��;�'%k�%  

5. ก��
	�45�()*3��3+	�&1�%2^�- <�	/�&กก��
	��/&8:11�ก�&กD>X:11�7�+&1�&'% (IBC) 6.����<%ก��ก�.6���)�X Y5*��)#�.8B(ZB?�;<%
;�'%()*����
���()*(%-����������	�  

6. 0���8�	��:�.ก��17��2��&กD� ;B6��>�6�ก�BZ)ก��()*:-ก-���ก&%87�/�&1ก��6&+0���8�	��:�.ก��17��2��&กD�  

 
D. ก'+?��'+�I$������!"#?*Y(?�ก�IกXZ[DEE�G'@IE\IS($G'�+IEก'++IกX'

-W'�*��@OI=DEE End-to-End �( DTN (Hierachical Identity 
Based Cryptography for End-to-End Security in DTNs) 

����-	��ก��()*87��&^
��84�#V-�ก����.11�&กD�����#��+?&�<%
����
���()*(%-����������	� �):%��B+6�กก�3ก hop-by-hop 87�/�&1ก��#\��ก&%
0���8�	��;�'%k�%:�.ก�3ก end-to-end 87�/�&1ก��#\��ก&%0#�:ก��#�.�2ก-X 

1. ก��#\��ก&%0���8�	��;�'%k�% 
62+�2��/������ก��#\��ก&%0���8�	��;�'%k�%
������
���()*(%-������

����	�6�กก��<�	��%()*3��3+	�&1�%2^�- ก��</	1�Bก���&กD�����#��+?&�()*
87��&^67�#$%-	���)ก����1�2�ก��
	�45�;�*�</	:%�<6���6.�)ก��#�.�2ก-X<�	��%
()*4=ก-	��-��ก�/���(��%&'%()*6.�&+
	�3#<%ก��6��6�
������
���()*(%-��
��������	�3+	 :�.ก��-��68�1@=	8��:11 hop-by-hop :�.����8�1=�>X
87�/�&1ก��-��68�1�ก�&กD>X
��@=	8��:�.;�*�</	:%�<6���ก�����ก�2���&�
3��3+	�&1ก��:ก	3
0+�12���()*#$%�&%-���<%
>.ก7��&��)ก��8�� ����-	��ก��
()*ก)*��
	��()*6.%7�8%�ก��67�ก&+67�%�%
������8����4<%ก����1�2�ก��

	�45�ก��#�.�2ก-X<�	��%()*3+	�&1�%2^�-</	�)ก�����ก�2��ก��8��(��%&'%<%

�.+&1()*67�ก&+
��ก��</	1�Bก�� ก����1�2�ก��
	�45�%)'6.����</	��-��X<%
����
���()*(%-����������	��+ก��6��6�()*@B+ก�/���<%����
��� 0+�ก��
-��68�1ก�����ก�2��()*6.�&+
	�3#0+���-��X()*#$%�&%-���/���12���()*
;�����()*6.<�	�.+&1
��ก��1�Bก��()*3��3+	�&1�%2^�- 

ก�����ก�2��0#�0-���<%����
���()*(%-����������	�</	  Bundle 
Authentication Header (BAH) ()*8����4<�	87�/�&1����-	��ก��+&�ก����

	��-	% BAH 4=ก8�	��
5'%:�.-��68�10+�-&�:(%
��(2กAก�����ก�2��()*
3+	�&11%;�'%k�%:11 hop-by-hop -��+6%ก�����ก�2��8	%(��:11 end - to 
� end 

2. ก��#�.�2ก-Xก��#\��ก&% 
62+�2��/������ก��</	1�Bก���&กD�����#��+?&�:11 end - to - end ;�*�

ก��<�	��%<%����
���()*(%-����������	� Y5*����45�ก��-��68�1:/���()*��
;�*���%�&%-&�-%
��12���6�ก:/���()*��<%����
���()*(%-����������	� ก��
-��68�1#���(��;�*�-��68�1ก�����ก�2��#���(��()*:%�%�%;�*� entity 
<%����
���()*(%-����������	��7�+&182+(	�� ก���&กD�����8�1=�>X
��ก��
���ก�2��:11 end-to-end ;�*�</	:%�<6���ก�����ก�2�� payload /���8��%/&�
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��*%A �&�3��3+	�&1ก��#�&1#�)*�%<%-�%8��:�.�����&1
��
	��=�;�*�</	
	��=�
<%�.+&1#�.�2ก-X6.4=กก[13�	#$%�����&13#�&�-&�:(%
��1�BD&(@=	@�B-<%
����
��� 

ก�����0#�0-���<%����
���()*(%-����������	�</	 Payload Security 
Header (PSH) ()*8����4<�	87�/�&1ก���&กD������&1:11 end - to � end ����
8�1=�>X:�.ก��-��68�1 PSH 4=ก8�	��
5'%:�.-��68�11%;�'%k�% end-to-
end �./����:/���()*��:�.ก��8�*�8��#���(��
��-&�:(%ก�����ก�2��()*62+
#���(�� 

3. %0�1��ก����1�2�ก��
	�45� 
�)62+�2��/���;�*�</	ก�3ก
����-��X:-��.-&�<%����
���()*(%-������

����	� 8����41&��&1<�	%0�1��ก����1�2�ก��
	�45�
��-&���1%;�'%k�%
��
-&�-%
��:/���()*��:�.8B(ZBi
��ก�����ก�2�� 8B*�()*�����7�%������8.+�ก
/���%)'6.#$%#�.0��%X������B*�87�/�&1 edge /���ก-��X��-��X
��;�'%()*<%
ก��1�B/��E;�.
������
���()*(%-����������	� ()*��-	��ก��()*6.ก7�/%+
��1�2�ก��
	�45�()*
	���+:�.3��-	��;5*�;�ก��-&+8B%<6()*(7�0+���-��X<%
;�'%()*��*% A ()*��6�)ก�����ก�2��ก��8��-�� 

:%��B+
��ก��
	��/&8
	��=�()*3+	�&1ก��:%.%7���&'�:�ก0+� Shamir 
�=#:11 IBE <%(��#]B1&-B��&'�:�ก4=ก%7�8%�<%#� 2001 0+� Boneh :�. 
Franklin 45�:�	�����%
�� IBE 6.��ก ก[3+	�)ก���2��%	%�=#:11()*�)0���8�	��
;�'%k�%()*��*�4��3+	�����/%5*�
��0�ก:�./%5*�<%���*��ก7�%B+3WW\� IBE ()*
87��&^()*��*�4��3+	 +	��ก��(7���%()*��ก
5'% ���82+3+	�B*�()*6.�ZB1��;�'%k�%()*
(7���%����ก&10�+�()*��*�4��3+	()*�)
	�67�ก&+()*%	��ก��� Y5*����45�ก��(7���%
ก)*��ก&1ก����ก:11
��0#�0-���()*(7���%�./����@=	<�	<%0+�%()*�)����
%����*�4��()*:-ก-���ก&%:�.�&�ก)*��ก&1���Xก�:11�7�+&1�&'%
�� IBC ()*#$%
C=%�Xก�������%����*�4�� 

Appenzeller :�. Lynn �)ก��8%�</	#$%0#�0-���ก���&กD�����
#��+?&�<%�7�+&1�&'%����
���()*����</	ก��
	��/&8:�.�&1�������4=ก-	��<%
ก��8�*�8���./����0e8-X0+�<�	:11()*3���)#]B8&�;&%ZX�./����ก&%</	
����87��&^;�'%k�%
��-&�-% 0#�0-���ก��:�ก#�)*�%
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%����*�4�� 

Smetters  :�. Durfee %7�8%��BZ)ก��<�	 IBE 
	��0+�%()*%����*�4��3+	
/���0+�% 0+�<%:-��.0+�%6.�) PKG #$%
��-&��� �7�+&1�&'%
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�(7���% ��<�	ก��
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	�45�������.�)�+%�ก/%��3#6�กก��ก�.6��()*�)#�.8B(ZB?�; 

ก��</	1�Bก���&กD�����#��+?&�<%�=#:11
��ก���&กD������&1 ����
8�1=�>X ก��-��68�1 end-to-end :�. hop-by-hop :�.��1�2�ก��
	�45�;�*�
#ก#\��0���8�	��;�'%k�%87�/�&1����
���()*(%-����������	� #$%#\�/���()*(	�

(����ก6�ก
	�67�ก&+<%ก��+7�%B%��%()*�)��=���ก
��ก����*��-��()*3��3+	
1�����&'�:�.���(&'�/�+()*�)��ก
5'%<%ก��+B%(��
��8&^^�>6�ก-	%(��45�
#���(��:�.�	�%ก�&1��()*-	%(���)ก()  

<%��%�B6&�%)' ��8%��=#:11ก���&กD�����#��+?&�87�/�&1����
���()*
(%-����������	�
5'%��=�ก&1ก��
	��/&8
	��=�()*#$%�ก�&กD>X:11�7�+&1�&'% 
�=#:11%)'6.����</	ก��ก�.6���)�X�)#�.8B(ZB?�;<%;�'%()*����
���()*(%-��
��������	� ����</	��1�2�ก���)�ก��%
	��=�3+	����
5'%:�.�&�����</	ก����1�2�
ก��
	�45�������.�)�+ %�ก6�ก%)'�&��)ก��:8+������B+/[%ก)*��ก&18��%
��
ก��+7�%B%��%()*��-	��@�B^ก)*��ก&1ก�����
	�ก7�/%+
��0#�0-��� 

:�	��� IBC 6.�)67�%�%
	�8)�:�.�)����67�#$%87�/�&1ก���B6&���ก
5'% ��
��*����
	�67�ก&+
������@B+#ก-B
��ก��+7�%B%ก��<%����
���()*(%-������
����	�(7�</	 IBC #$%:%�(��()*%��8%<6��ก
5'%ก��� PKI +B�+	��/-2@�
+&�-��3#%)' ก��ก�.6��
���)�X�)����:%�%�% 3+	�&1ก���&1���0+�%&�87��&^
:�.ก���)�ก
	��=�0+�<�	:1%+X�B+ZX()*-*7�ก��� 

E. ก'+?��'+�I$?-+K�� '=-W'�*��@OI=�( DTN 
ก��#�.�2ก-X<�	ก��
	��/&8����
���()*�)%&�87��&^8����4#�&1#�2�

#�.8B(ZB?�;
��ก��6&+8��
	�����<%����
���()*(%-����������	� 8��-B���
@=	
	�����(&'�/�+�)ก��(7���%:11Y�*�8&-�X �����3�ก[-�� 4	�0/%+1��0/%+
��
����
����)ก��12ก�2ก����-��
	��8����4#o+?��ก��>X06�-):�.�BZ)%)'8����4
(7����
	��=�67�%�%��ก+	������;�����;)���[ก%	�� #V6621&%ก��:ก	#V^/�
6�ก?��ก��>X06�-)-	��<�	0���8�	��;�'%k�%ก2^:68�Z��>. ()*�&ก6.3��
8����4<�	3+	<%����
���3�	8�� ad-hoc 
	�8%�
��������</	�)ก��-��68�1
:-��.:;�ก6 +	��/-2%)'0/%+/���%&'%65�8����4-&+8B%<63+	���:;[กก[-/���%)'
6.8����4
	��/&8+	��ก&%3+	0+�3��-	���)ก��-��68�1:/���()*�� 

F. ก'+MLF'+Z'-W'�*��@OI=�(�Wก'_D�> DTN 
84�%()*/�&ก87�/�&1����
���()*(%-����������	� ��%()*ก)*��
	��ก&1ก��

�&กD�����#��+?&����Internet Research Task Force�s (IRTF) [56] Delay 
Tolerant Networking Research Group (DTNRG) [57] �&-42#�.8��X/�&ก<%()*%)' 
���ก��(7�</	กB+ก��8%������B+/[%����ก&%�./����@=	�)*����^+	�%3�()<%
?��กB61%��ก�C:�.@=	</	1�Bก��+	�%ก���&กD�����#��+?&�87�/�&1����
���()*
(%-����������	�:�.����
���()*��	��ก&% 

��%+)��ก&1����
�����*%A ����
���()*(%-����������	�/�������
���
��
?��กB61%��ก�C��6<�	
	��=�ก��
	��/&8�&1<%ก���&กD������&1:�.ก��
1�Bก��()*Y�*�8&-�X �����3�ก[-�� �&�
�+ก����*��-��:11 end-to-end :�.��6กB+
����3��8���-���� ����ก<%+	�%
������8����4:�.ก����*��-�� 
/����������67�#$%-	��ก7�/%+8B*�()*กB+@B+#ก-B87�/�&11�Bก��+&�ก���� 3��
;)��:-��):/���()*��:�.#���(��87�/�&1
	��=� :-�:/���()*��:�.#���(��
��
ก���&กD�����#��+?&�()*:-ก-���ก&%��6กB+
5'% ก��;B6��>�ก��(7���%<%
#V6621&%<%/&�
	�%)':�.()*ก)*��
	��ก&18��%%)' -&��������% /&�<687��&^
��ก��
6&+ก��87�/�&18?�;:�+�	��()*�)��������	�()*8=�#V6621&%�&�3���)�BZ)ก��:ก	#V^/�
()*�&+6%()*%7�3#<�	3+	 
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%�ก/%��6�กก��</	1�Bก���&กD�����#��+?&�ก��
	��/&8�&1 ��3+	
�)�%�=	6�ก�B%(��X%[-���</	<8�<63#�&�8��%
��ก��+7�%B%ก�� �)'%7� -&��������% 
3W�X����X:�ก����
���0+�%�&กD�����#��+?&�()*:-ก-���ก&%()*�)������*��&*%
����);)��ก��6��6�()*4=ก8%�(��%&'%()*6.3+	�&1ก���%2�&-B</	#$%#V6621&%<%:-�
�.0+�% �����3�ก[-�� �&�กB+
5'%8��<%ก��:�ก#�)*�%�./���� {ก���&กD�
����#��+?&�| :�. {8B* �()*4=ก<�	��%| <%8?�;:�+�	����%%)':�.
#�.81ก��>X1%�B%(��X%[- ����&%#$%3#3+	()*6.:(�กก��6��6�()*3��3+	�&1
�%2^�-<%0+�%ก���&กD�����#��+?&�<+A +&�%&'%65��&��)����0/��
���	�
0���()*ก)*��ก&1ก��+7�%B%ก��1������� 0+�E;�.<%@=	()*��6-	���)ก��;B6��>�
E;�.<%?��กB61%��ก�C 

%�ก6�ก%)'�&�-��68�11��8��%
��C&ก�?�;ก��:�ก#�)*�%()*กB+
5'%#$%
����
���()*Y&1Y	�%��ก
5'%-��;�'%()*()*�)ก����*��-�������<ก�	�B+��กก&1
�B%(��X%[- -&��������% ?��กB61%��ก�C()*-	��<�	�BZ)ก��-���A;�*�</	��%
��ก�C�B*�-	%ก��-&'����</�� :(	6�B�:�	�(2กA�=#:118����4
&+
���/���
ก��ก�%�.11����
��� ก��06�-)(7�</	�)@�ก�.(1-��?��กB61%��ก�C��66.
(7�</	กB+/��%. 

#�.0��%X()*87��&^
��ก��-��68�11�Bก���&กD�����#��+?&����(&'�
8��%
��ก��+7�%B%ก��#$%�����=	()*;B*�
5'%()*#$%3#3+	 :�.ก��;B6��>�ก��
�&กD�����#��+?&�()*กB+
5'%(7�</	?��กB61%��ก�C+)
5'% :�.ก��<�	#�.0��%X
6�ก�B%(��X%[-1%0�ก:�.(�0%0��)()*ก)*��
	�� �)@���6�ก��%��6���45�
�&กD>.
������-	��ก������#��+?&�87�/�&1?��กB61%��ก�C<%�%��- 

5'%��=�ก&1?&��2ก���(���B%(��X%[-<%#V6621&%:-��7�%5�45�#V^/�()*�ZB1��3�	 

DTNRG ���ก��;&j%�(&'�8��0#�0-���/�&ก()*(%-����������	� bundle 
protocol ก7�/%+����
���Y	�%(&1:�. Licklider Transmission Protocol (LTP) 
#$%0#�0-���:11 point-to-point �=#:11/���%)';�'%k�%87�/�&1�����B+/[%
()*6.%7�8%�-��3#%)' 

1. LTP Security 
-&'�:-� LTP #$%0#�0-���:11 point-to-point ก��;B6��>�����#��+?&�


���&%6.����ก��� bundle protocol  LTP #$%:1167����1% CCSDS #$%
0#�0-���()*<�	<%ก��6&+8��3W�X:�.</	1�Bก����*%()*��	��ก&% :-�6.ก7�/%+3�	
<%83-�X
���B%(��X%[- ���%
	��6.��กก���83-�X OSI 
������.�)�+ 
CCSDS �.12��� LTP #$%0#�0-���:11 point-to-point ��+/�&����ก��
;B6��>�����#��+?&�()*��ก()*82+��66.3+	�&1ก��+=:�()*�&'%��*% �����<+�����
/%5*�
	��-	% LTP /�����*%A<-	�&'% MAC 87�/�&1/-2@�
�� LTP 3��3+	ก7�/%+
ก�3ก()*#$%�����&1:-�#$%ก�3ก()*8�1=�>X
��
	��=�(��%&'% /-2@�<%ก�����
()/�&���� LTP 8����4%7���<�	<%8?�;:�+�	��()*8����4ก�.6��@��%��ก�C
3+	 <%����#$%6�B� ก��;B6��>�ก���&กD�����#��+?&�/�&ก+	�� LTP 
/�)ก�)*��ก��
&+
���/���ก��ก�%�.11����
���:�.0+�E;�.������B*�ก��
06�-)0+�ก��#o+8	%(�� ;�ก
��B+����&%#$%3#3+	 ก��
&+
���/���ก��ก�%
�.11����
���0+�ก��#o+8	%(��8����4-B+-&'�3+	(2ก()*()*�)�B%-��X%[- ��ก()*
6.-B+-��:�.�&��%2^�-</	@=	06�-);B*��.+&1()*6.06�-) ก��
&+
���/���ก��ก�%
�.11����
���0+�ก��#o+8	%(��8����4(7�����	��3+	��ก87�/�&1�.111%

;�'%+B% ��% LTP ()*#$%�.+&1�&'%1%
�� IP /��� UDP :�.:%�%�%���6.</	
87�/�&1��%��ก�C 

1���2>8�1&-B
�� LTP 1�'��-	% <%����#$%6�B���ก:11</	�)����
:
[�:ก���<%ก��@�B^ก&1ก��
&+
���/���ก��ก�%�.11����
��� -&��������% 
:%.%7�ก��<�	��%
��-&��.12:1182��:(%()*6.�B*�-	%%&16�ก 1 ��� :�.
;�*�</	ก��
&+
���/���ก��ก�%�.11����
���0+�ก��#o+8	%(����ก
5'% LTP 
�&��)ก�3ก cookie ()*(%-����������	�()*8����4#o+ก���&+���ก ก�3ก%)'#$%/�&ก
<%ก��8�	��8?�;()*<�	����ก&%</���./����;)��X()*�)ก��-B+-��8�*�8��()*
8&%%BDk�%���<�	��%3��3+	:�	�6�กก��
&+
���/���ก��ก�%�.11����
���0+�
ก��#o+8	%(�� (&'�����8�1=�>X
��
	��=�:�.ก�3ก cookie ()*#$%8��%
���

�� LTP :�.;�*�</	#$%-&����ก<%ก��+7�%B%ก�� 

2. Bundle Protocol Security 
bundle protocol #$%����
���Y	�%(&1 8)*��-��ก��4=ก06�-)��กก��� LTP 

-&'�:-�ก��@8�@8�%(�0%0��)-���A()*�)#�.8B(ZB?�; (��% -*7�ก���) �.+&1�&'%

��0#�0-���<%ก��;B6��>�����#��+?&�8����4%7���#�.�2ก-X<�	ก&1 
bundle protocol 3+	 

��3+	</	?�;���
��84�%.#V6621&%
��ก��(7���%ก)*��ก&1ก���&กD�����
#��+?&�87�/�&1����
���()*(%-����������	�:�.6+67�%�%
��8��%()* ��
-	��ก��6.3+	�&1
	��=�6�ก@=	�)*����^+	�%3�()<%?��กB61%��ก�C()*#$%3#-��

	�ก7�/%+ #$%@=	
	�����<%ก��;&j%� bundle security protocol �7�4��()*6.4��
@=	�)*����^+	�%3�()<%?��กB61%��ก�C +&�%)' 

<%/%	�
��ก����*��-��()*;B*���ก
5'%�./����ก��8�*�8��
����%��ก�C
:�.�B%-��X%[-1%;�'%0�ก vpn �%B+3/%()*6.-B+-&'�<%?��กB61%��ก�C ? 

��/�&����3+	�&1ก��-�1�7�4��/���%)'6�ก@=	�)*����^+	�%3�()<%?��กB6
1%��ก�C ;�*�6.3+	:%�<6���ก�3ก<%ก���&กD�����#��+?&�6.-�18%��
����-	��ก��<%?��กB66�B�3+	 

G. *V`�'@�'(-W'�*��@OI=$G'�+IE DTN �($O'W>abก?aL( 
�)�2>8�1&-B��	��ก&%/���%0(�C&;(X����
���E;�.กB6 #o+����(��:�.

8��@��% multi-hop (7� DTNs 8)*��-��?&��2ก�������#��+?&�-���A ����0/��
����#��+?&�
������X�����&'%1&%+B'� ��% network layer /���6.�)@�-��
����#��+?&�
�� DTN #\%�2>�&กD>.?�;Y	�%(&1
��0#�0-���1&%+B'� 
-&'�:-�#� 2005 DTNRG 3+	�B*�(7���%<%
	�ก7�/%+0#�0-����&กD�����
#��+?&�1&%+B'� Y5*�</	����8�1=�>X
��
	��=�:�.1�Bก���&กD������&1
87�/�&10#�0-���1&%+B'� 8)*1�[�ก��ก
5'%�)ก��ก7�/%+<%1&%+B'�87�/�&1�&กD�
����#��+?&� 1�[�ก-��68�1����4=ก-	��1&%+B'� (BAB), 1�[�ก8�1=�>X()*
8����41��(2ก3+	 (PIB), 1�[�ก
���ก���&กD�����#��+?&� (ESB) �����3�ก[
-�� �&�3+	�&1ก��:8+�</	/[%��� DTN ��+/�2�%-��ก��06�-) 0+�E;�.������B*�
4	�67���� DTN  �	�-B'�0#�0-���()*<�	 87�/�&1-&��������% �����%
>.()*06�-)
�)����8)�/�� 20% 
��0/%+, 45% 
��:;[�ก[-4=ก8���)�1�	��, #�)�1()�1
ก&1 70% ��*�3���)ก��06�-)<%#V6621&% 

ก��#�.���@�:�.(�&;��ก�ก��6&+ก[1�)67�ก&+<%0(�C&;(X���4�� �)����
(	�(����ก
5'%��*�<�	ก���&ก�����#��+?&�<%����
���0(�C&;(X���4�� 
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0+�E;�.������B*�<%84�%ก��>XE2กEB% ก��8�*�8���&ก6.67�ก&+ %�*��6�ก
0���8�	��()*�)��=�4=ก(7���� /���/-2ก��>X()*กB+
5'%<%;�'%()*%�ก/%��0���8�	��
;�'%k�% -��3#�&ก6.#$%3#3��3+	()*6.
	�45�k�%
	��=��.�.3ก�/���YB�XW���X
�&1��� <%ก�>)E2กEB% #V^/�ก���&ก�����#��+?&�/�&ก87�/�&1 DTNs #$%
�BZ)ก��()*6.</	1�Bก��#$%�����&1:�.#\��ก&%6�กก��<�	��%()*3��3+	�&1�%2^�-
:�.ก��06�-) 8��#�.+[%()*6.ก����45�<%1(����%)' 1) �.12@=	<�	 2) ก���&กD�
�����&1
��
	����� 3) ก��67�ก&+(�&;��ก�ก��
	�45�@=	<�	()*3��3+	�&1�%2^�- 
:�.#\��ก&%ก��<�	��%()*3+	�&1�%2^�-6�กก��
	�45��.+&1()*8=�
5'%
��1�Bก��()*
;�ก
��)8B(ZB 

 
�=#()* 17 ก��
	��/&8+	��ก2^:68�Z��>. 

<%ก�>)E2กEB% ก���.12@=	8��#\%8B*�67�#$%��ก87�/�&1()�ก=	?&�/���6	�/%	�()*
;��1�� 0+�E;�.������B*�87�/�&1ก��</	1�Bก��ก��4���(�+
	��=� ก���&กD�
�����&1
��
	�����6.#�&1-&�-������-	��ก��
��@=	<�	 ��% ;B*�����
-	��ก�����;B�-��X:�.ก��<�	��%:1--��)* <%��%�B6&�%)' PCB ()*<�	<%ก��
�&1���ก&1ก��
	��/&8�&1, ก��#\��ก&%����8�1=�>X :�.ก��-��68�1 8��
ก�>)()*6.;B6��>� /%5*����ก���&กD������&1
��
	����� ��*�#�.���%
-	��ก��()*6.8��
	�����3#�&�()�ก=	?&� :�.�)ก/%5*�#$%ก���.12@=	<�	��*�()�ก=	?&�
4���(�+
	��=� �=#:11ก��
	��/&8
	�����()*:8+�<%�=#()* 4 ��*�#�.���% 
(0/%+ DTN) 8��
	�����3#�&�()�ก=	?&�()*6.8����4
	��/&8 payload 0+�<�	ก��
82��6&1 {Y8�&% (session)| ก2^:6
	��/&81&%+B'� (BEK) :�.ก��8�	��:([กก��
-��68�1 (PCB ���-��68�1����8�1=�>X (ICV) BEK <�	;�*��+����
-	��ก��#�.���@�
��ก��
	��/&8ก2^:68�Z��>. (:-��.ก2^:66.�)������� 
1024 45� 2048 1B-) ก��82��6&1 BEK 6.3+	�&1ก��
	��/&80+�<�	ก2^:68�Z��>.
()*ก)*��
	��ก&1()�ก=	?&� PCB 6.4=ก8��3#;�	��ก&1ก��
	��/&8 payload Y5*����45� 
ICV :�.ก��
	��/&8 BEK ()�ก=	?&�8����44�+�/&8 BEK :�. payload Y5*�
�&1�������4=ก-	��0+�;B8=6%X()�ก=	?&��=	ก2^:68��%-&�()*ก)*��
	�� ก��#\��ก&%
����8�1=�>X()*�)</	0+�ก���7�%�> ICV ��*�()�ก=	?&�4���(�+
	��=� 
ก�.1�%ก����	��ก&%��ก�ก�	%;�ก
�<�	ก2^:68��%-&�<%ก��
	��/&8 BEK 
(���Y[%-X+B6B-��) ��*�#�.���%4�+�/&887��[6 
	�������ก��ก�C6.�&1���
����4=ก-	��:�.-��68�1��1��6� �);)��()�ก=	?&�(��%&'%()*�=	ก2^:68��%-&�()*
ก)*��
	�� 
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