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The Autonomous Cooperative data Transfer Protocol (ACT protocol) is one of the data transfer

protocols based on UDP/IP developed for the Metropolitan Seismic Observation network (MeSO-

net). It has a robust re-send function to prevent data from being lost in the Internet route.

Moreover, it also has a function to adjust the data transmission rate considering the quality of the

Internet route and the load on the data-receiving system. If the Internet route is too busy to send

all data, the transmission rate from the observation station is decreased automatically to ease the

Internet tra c jam, and data that cannot be sent because of the limitation on the transmission rate

are stored at each station. After conditions recover, the stored data are sent automatically at an

increasing transmission rate and gradually catch up with real-time data. The transmission rate is

decided by data transmission equipment at the station using pre-loaded algorithms, not at the data

center. Therefore, the load at data center equipment is not so high even if the equipment receives

data from hundreds of stations. We describe an overview of the ACT protocol, flow charts, and data

format used in the protocol. We also demonstrate that the ACT protocol is very powerful for the

vast size of the seismograph network composed of several hundred stations. The ACT protocol is

generally applicable and can be used for data transmission systems in other scientific fields.

: Seismometry, Seismic network, Data transmission, Internet Protocol, MeSO-net

WIN

GPS

*

Yuichi Morita *, Shin’ichi Sakai , Shigeki Nakagawa , Keiji Kasahara , Naoshi Hirata ,

Hiromichi Kagami , Takuya Kato and Minemori Sato

Abstract

Key words

ACT protocol

Autonomous Cooperative data Transfer (ACT) Protocol

MeSO-net

Development of an Intelligent Data Transmission Pro-

tocol for MeSO-net System

+ ,

+ ,

+ + + + + , ,

,

+ + + + +

, , ,

2. ,**3 23 +*/

+ + + ++- **-,

$

,*

, +33.

+33- +

+

m



� � � ��� � � 	 


��
���

� �
� � � �
�

� �
� �

� �
� � �

� � �� � �
� � � �

�
� � �� �

� �
�
� � � � � �

� � � �
� � �� � �

�
� � �
� � � �

� � �
� �
� � �

� � �
� � � �

� �
� �

� � � �
� �

� �
� �

� � �
� � �

� � �
� �

� � �
�� �

� �
� � � � � � �� �

�
� � �

� � �
� � �

�

� �

��� �� �� �� !"#$ %&

'�� ()*��+,( -(� �+, ./, �0 12�3&4! ��3&4
5 ! $.3&4 $.6' $1$ " ! 6. 3&4789��: (�/ ; 1<

� <�= > � -� �?@$ ;*�A B C !1DEC3&4! �F, '�3&4
G4&H9�! $' 3&4� ( �F, !> $' ��3&4 � �I
JKC�L' M� � 6AG4&H9� N�AG4&H9�C O�F,P��+, Q
! $'3&4 � �0 12� � R SR �
TUV��� ��� WX,
3&4! YC X,�M!Z C$ [\ ] 3&4 �
����> ^_CP 0
� `$.6,3&4 ab%c��d(efg $ �� 3&4h&iAj
' � � 0 3&4� = � A �k� '�= �> !l6 �)6)
G4&H9�= ! m C nop q�r ! � 0 ! [�F, '�0 ab%c!s
t&uX,P��+L'Mv , $'
�� w�AG4&H9�� `� $/ 'M ���> $'3&4 � x d3&4

 ]� �+L.P y 5 ! $'A
G4&H9�� (Z M�L' z$. z{! ^| �
��� MX, M
6' }3&4� � 'n C�L.F' ~{ ^Q� ! < 5 ��� ��3&4
 � � � ��JK�AG4&H9 �� �CJL.3&4 ( L' C�
�� q � `� ��, �� � � Cr 0 C $'3&4 � CJL. �
�JKC ~{''� �AG4&H9�IN( w 'n�3&4 �&� ! CS2
[X,JKC�L' ()*��+,( � X� ! X, �{CJn 5 ����� �
w 'n�3&4 � ! X,�D�� � �� S! [$ H9��&V�ab%c(
/ 3&4� � (eM�k�6) �5 1 � C5 X,�� �X, C5 $
2 ;*��+,( � (�/ � ( 6 '�C� C �&�! 	~�. C
�5 �� q C� �AG4&H9�5  2{'3&4! $ 3&4( wC5

(�\$.6, � ��65 �� � ~{. X,��Z ��n) � X, 3&4
6, �r) �+n � � w CJL. � 3&4( Cl�{'1 1� !3&4
�r) � C�� �,�M( C��, 12 D n ( g �3&4�g X,�
�' y 5 AG4&H9��� -� 5 �� �P� X, �{CJn 3&4�: �
� 12 F6 ��JK� AG4& 3&4 �" !� ,��� C��2
H9�IN� �C $. ( ^ C �6
> ~{' ab%c�� �(2K�/ O$. C � �0 C ~{'3&4
 2E 5 ��¡60 12� �� 3&4 ( C , 6 0 H9��&V ( $.
�: ()6 � X, �{� 3&4�� ; $. ¢X,�M! £$'P�� 0 3&4�
�P: X,�M(¤¥ l F� ¦C�,§¨ M$. '�� ! n {'P�M6 
� © �¤¥�k�� ª�+ , [ C �� ! $' Q RS

,Mv , R �
TUV�� « 0 ��
0 ��¬C3&4!� C X, ! ­ � 0 12 ®G�tG¯
X{� 3&4�: !5 X, �+,( � }3&4! $. $.6,( w1

«C � °! X,°± 2 {. ~{'3&4P²�,M ³´GH
�+, Q R SR �
TUV� �� ®G��P3&4�: �/3&4( ~{

�� �2{'�
TUV�µw � .6, � ��JKC ��¶ (
6 ·� �3&4!B C X,�M( Z ¸ X,M¹C ��3&4 �)6; M
:�+n º �3&4 ! 6. 0 C � ~{<<+,
! 	$.3&4: !5 X,MvK O� 0
¶»C � ( C�,M $' z�' 4 �
¯¼c��>!lK z� � ��3&

� � �AG4&H9�5 ! $. 2{ 4 ( 0 � �3&4� M$.½

��� � � ��	
 � �� 
 � ��� ���

��

�� �� �� �

��� ��� �  ! "# $ ��
%� & '� �� ( �� � ) �

* + ��� ,- . /� 01 2
�� 34 �� �� ���5 + ���5  6
789: ;< = > ?@


�� ��  ! "#  A 34B CD E
F 78 G H� I �� + "9: J:

K �� L �M N �� N
OP H� 34 " �� * 2 * + QR<

* S � T U VW XY 34 " . 2 " Z
�� [\

O K ] + ���5 ^_ `
+ab( c3 d & ��

�� G � ef
34g �� h i j Ck l & m 0
n N � 1o9: p �� q r
U � K s t s uv w "# J: �19: xy $ r
z{  6 h �1A �1 ^|�

} '�� $ G ~ & � 01
r h ��A � Q� 9: p � .

�� � �� & �� m� � � ��m� �
� Q� �� �  � ^|� �1 � �19:

�� & U � � & � �1 �� .r �
� Q� & � G � �1 �19:

��FA � . � r � �� � u� 01
� �Y ) �� 9: 0 T �1 � � �
d & ��� 3( Y �1 )

& !� !���Y[ �19: �FA 8�
� > ���� O (i

+ � > C Ck "# J: �19:
&m "# �� ^_�   ¡ " ¢£ `�

) �Y +¤ ¥¦ � | § "
� ) ¨ ([ © �1�5 2 � T {
<ª| 34g «M [�¬@ .� �� �� ?@
 34B

CD ?@ 34 "­ O
"#o r� Q® 9: J r# "# L�

: ) � �¯ 34g ¥¦ �� .r
?@ ° # 34 J: � �� ¢# ¢

?@
 34B CD � ) ��
� N ± � �� . �
/�² [A . T³ ¬ ¦ ���� �< 1

® ���M � "#o ´< .�
9: µ ) � >
"­  [ ¶· ¸� xy 01 ¹�
 6 �� & �� � ���� 34 " N ����

� � � � � � �

�

� �

�

�

�

�
� �

90

Autonomous Cooperative data Trans-

fer Protocol ACT

WIN

Hz

Ue-

hira,

,

,**3

+33* ,**3

,**/

,*

+

,**.

,

+*

,*

+

,**3

+* +12 ,** -

,**3 .**

+

,**3 ,**3



�� ����� 	
� � 
 �����

� �


��� ������ � �� !"#

$ $
$

%

$
%

$
% %

$ $
$
$ $ �

% $ �
% % $

$ $
% &

% ' (
$ $ %

% $ ) % $
$ $ $
% $ % $

$ %
% $ % $
$ $
$ $ $
% $ $

% %
$ % $ $

$

� �

*+,-. /	
� �012345�6�789

:; <�	
� =!

�����!>?#�@7 A �	
� �

B C#�8D7 4E 6�0F�GH !I7

����JK� 7L #�EM���

�����N O 7N��	
�! 
�P
Q�
RS�!TU, �U,V� �W �	
�X 5Y��
ZS��[\!] 7^ #�0F��� 
 - �����N ����� 7P
! V_7 XZS�[\7 `�/V 
! Q�
RS�! U, 
�	
�!�aW#
V,V��N b cd�	
� ���ef�78� �2 gh7 �*5E	
� =!
i!jB#�EM��� 6�EM ����N W=�U,aWcd:;�Wcd W#� 
!
b Vk
lmno�Y p7 q#� � r U,V� sU 	
�! ^aW#� 7
7	
�XZS�2[\*5�t u2�� 
 W=! WU,V��aWcd� i2vwB/��
�x !yz#�EM7 �����NaWcd � ^ �	
�aW{|!4�M, ^� W

=� W#� 
!r U,V� N �"#
W=�U,�Wcd7�W#� �WcdN ! W}~ �U,	
� �� �7�W*5�
a���� ��	
� =�	
�!� �WU, Y�� �W�� ��w�Xf�
���� ��N
	
��x ! � 6� 
N <�	
�2� �U,� U,V� �WcdN - �� 7
/V��7N 	
�aWcd� i2�/B � U W=2 W*5/V��7N �,�	
�!�
,��7 q#� U:U <�	
�2�B/� �#� 6�8D/���� ��/	
� �!��
� ��W2�H�EM7 i2��#��V U,V� 6� 
N ����7 ���	
�
Dx !��,V� 4E W=��Y�2 � aWcd� iNvwV U:U � �k
lmno
7\�5E��7N 	
��WcdN	
�� � �u �� !GH�� ����¡ �7N
2¢ UE� £U ¤¥7	
�N��*5_ ¦§ i2vwB, �w/:�E Y ���N¨
7	
�Nx #� I7 ©6: ª«��� � 7 t �/9 ������8D/��/
Y¬­U,®�E	
�!�WU¯M�� ° Y 2�5�8D7/�E�±H�

W=2 W*5 RS�²
³N´µ#� ´µ I7 ������N ^¶�´µ·	
�aW
2¸M¹ ¦º���7N������2 »#�¼� cd�½ i78���RS�²
³ ������2

� � � �

� � �

�	 �


� �


 � �

� � ��

�� �

�� �
� �

�� � � � ��
	 � � 	 �	 �

� � � �
� � �
��� ! � � � 	 "

� � � �
� #

� � 	 $
� � �

� % &
' ( � 
� 	 & )

� & �
� 
� �

� � *
� � � +

� � � �,
- . � �	 �/ #

� ' � �	 � �
% /

�
0 �

� ������	
��

�

91

ACT

Table . Data format using ACT protocol

Table . Definition of data used in ACT protocol

WIN WIN

NACK Not Acknowledge

ACT

UDP

TCP ACT WIN

UDP UDP

ACK Acknowl-

WIN edge

ACK

UDP

WIN ACK

NACK ACK

ACK

NACK WIN

NACK

WIN

ACT

NACK ACT
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N
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ACT

+
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Table . Data format of ACK (Acknowledge) signal

ACT
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ACT

Fig. . Flow chart of data-sending system using ACT protocol.
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ACT

Fig. . Flow chart data-receiving system using ACT protocol.
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Fig. . Example of packet transmission based on ACT protocol.

Fig. . Block diagram of packet loss test for ACT protocol.
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smaller than data acquisition rate, some data cannot be sent to the data center and are is stored in the system.

Fig. . Result packet loss test for ACT protocol.

(a) Time variation of given obstruction rate (green) and ACK return rate (orange). The ACK return rate is

defined as total sent packets and those successfully received.

(b) Time variation of upper limit transmission rate (blue) and e ective transmission rate (red). ACT protocol

controls the upper limit of transmission rate well, and it is synchronized with ACK return rate in Fig. (a).

(c) Time variation of the amount of data stored in the data sending system. If the data transmission rate is

Fig. . Time evolution of status for two data-sending systems (upper and lower).

Blue : Upper limit of data transmission rate, Red : E ective data transmission rate, Green : Obstruction rate

given for the test, Yellow : Amount of data stored in data-sending system.
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stable. The hourly flow of data packets is constant.

ACT

Fig. . Hourly number of data packets received from Fig. . Maximum delay time (blue) and mean one (red)

Yayoi station (blue) and Kawaguchi-Higashi-Chu sent from Kawaguchi-Higashi-Chu station shown in

station (red). Yayoi station is situated under good Fig. . Even if the delay time is very large all data

data transmission circumstances and conditions are are successfully sent to the data center using ACT

protocol.

On the other hand, Kawaguchi-Higashi-Chu station

operates under poor conditions condition, and

hourly volume varies by time. Even under poor

conditions, all data are successfully transmitted to

the data center. No loss of data packets has been

detected.
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The source code: the main part of data receiving process.
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