
1 2 Ï

2019 c 3 �

uÀ���ÆÆ�(g,�Æ�)
Journal of East China Normal University (Natural Science)

No. 2

Mar. 2019

©©©ÙÙÙ???ÒÒÒ: 1000-5641(2019)02-0077-20

ààà������êêêâââÄÄÄ:::������mmmuuu���ëëë������...���{{{

ë�²1, 
¡¹1, �¡ 2, _Sv3, Áâ¸3, ´À,4

(1. C0dAû�Æ &EEâïÄ¤, C0dAû 1098 XH;

2. uÀ���Æ þ°½p�&O�­:¢�¿, þ° 200062;

3. þ°à�Ôé�ó§EâïÄ¥%, þ° 200050;

4. þ°½à�¬�þS�¥%, þ° 200003)

Á�: ëY��¸*ÿêâ´E,XÚ, XUíï�!�¦.�EM#Ú÷*XÚ��ÆïÄ

�­�°Äå; êâ
!A^+�ÚA^I¦�ØÓ, ¦�+nZ��O�¢�êâ, ¿Jø

k��é!£O!KÜÚ­^ÑÖC�4L]Ô5. êâÄ:��ÏL�êâJø�)·±

Ï�+nÑÖ, �þ�êâ°Ä��ÆïÄÚA^M#JøIOz�êâ�Î!Ö�Ú?nÑ

Ö. ,
êâÄ:���ï�~Û�uA½+�Ú{¤¢3�cÏXÚ, "�Ú�ë�, ±9

Ä:���mêâÚÑÖ�pÏ(J, 4�/��
þ�A^, AO´ªÆ�ïÄuÐ�I¦.

�é�êâÄ:ï�¥�þã]Ô, /�î³�¸�êâë��.3�¸�êâÄ:��ï�

�¡�²�, JÑ
à��êâë��., �·Ià��êâÄ:��ï�Ú¤�9�êâp

Ï]ÔJøë�. ü�Y~Ð«
¤JÑ�à��êâë��.3�êâÄ:���I¦©

ÛU?!{¤¢3XÚ�êâpÏ�\��¡��^.

'�c: à��êâ; ë��.; Ä:��

¥ã©aÒ: TP391 ©zI�è: A DOI: 10.3969/j.issn.1000-5641.2019.02.009

A Reference Model approach for developing agricultural big

data infrastructures

ZHAO Zhi-ming1, LIAO Xiao-feng1, WANG Xiao-ling2, RUAN Chun-sheng3,

ZHU Yi-feng3, FENG Dong-sheng4

(1. Informatics Institute, University of Amsterdam,

1098 XH Amsterdam, Netherlands;

2. Shanghai Key Laboratory of Trustworthy Computing, East China

Normal University, Shanghai 200062, China;

3. Shanghai Agriculture Internet of Thing (IoT ) Development and

Research Center, Shanghai 200050, China;

4. Shanghai Agriculture Products Quality and Safety Center, Shanghai 200003, China)

Abstract: Big data infrastructures provide services for the management of data over

the course of their lifecycle, and offer users the ability to effectively discover and access

ÂvFÏ: 2018-03-22

Ä7�8: þ°½�E,à­:ô'�8 (qà�ôi (2016) 1 2-1Ò)

1��ö: ë�², I, Æ¬, ïÄ
, ïÄ����O�!�êâ+n!^�ó§.

E-mail: zmzhao@ieee.org.



78 uÀ���ÆÆ�(g,�Æ�) 2019 c

data for different application purposes. These emerging infrastructures essentially enable

system-level data-centric research; third-party innovation, however, often requires data

from different sources. The construction of big data infrastructures faces important

interoperability challenges arising from the diverse nature of data acquisition, annotation,

and identification performed in different research domains. Moreover, the evolution of

different infrastructures is often driven by the specific interests of researchers, in their

respective domains, and the constraints of legacy technology. The ENVRI Reference

Model (ENVRI RM) is an output of the EU H2020 ENVRI and ENVRI PLUS project,

targeting the aforementioned challenges in the context of environmental sciences by

modeling environmental research infrastructures with a multi-viewpoints framework; these

viewpoints include science, information, computation, engineering, and technology. Each

viewpoint describes concrete aspects of a system definition and forms a mechanism to

improve the interoperability across the whole system as well as alignment with existing

legacy systems. The challenges encountered in the Shanghai Agricultural Big Data

Infrastructures construction work are similar to those detected in the ENVRI RM, which

provides an ideal place to test the generalizability of the ENVRI RM to other domains.

Using the ENVRI RM as a reference, this paper presents an Agricultural Reference Model,

which includes the five aforementioned viewpoints, but with consideration of the specifics

of the agricultural domain, to address the problems encountered in revising and upgrading

the Shanghai Agricultural Big Data Infrastructures. Two use cases are introduced to

demonstrate its effectiveness. One is to improve the requirement engineering procedure

with the community and role context captured using the Agricultural Reference Model.

The other is to upgrade the large volume of existing systems to increase interconnections

via the interoperability mechanisms provided by the Agricultural Reference Model.

Keywords: agriculture big data; reference model; infrastructure
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I�c®Ú(�. T�.3 ENVRI �Y�8 ENVRI PLUS ¥��
?�Ú¿¢, ¿$^�


 22 ��¸�êâÄ:��¥, ù 22 ��¸�êâÄ:��¥ý�õêÑ´î��î³�
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�<±·Ü�À�éXÚ?1£ã. ã 1 Ny
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ã 1 ODP �Ä�À�

Fig. 1 Viewpoints of open distributed processing

(1) è�À�£ãXÚ�I¦!õU!A^+�Ú�å^��.

(2) &EÀ�£ãXÚ&EüzL§¥�êâ!&E!a.Ú�Â�.

(3) O�À�£ãXÚ�õU�¬!�¬8¤Ú��.¡�.

(4) ó§À�£ãXÚ�XÚe�!�¬pÄÚõU©Ù.

(5) EâÀ�£ãXÚmu¥�éØÓõUÚL§¤I�EâÀ�.

ù
À��p'é�q�±Õá^5£ã��XÚ. 3¢S¦^L§¥, À��m�±

ÏL'é!(¹|ÜéE,XÚ?1ï�. ENVRI RM �õÀ�©ÛU«
 ODP �õÀ�

©ÛnØ.

3.2 à��êâÄ:���'�L§©Û

�â�8I¦ÚA^©Û, à��êâÄ:����Ö½ �ºXêâ+n!M#A

^!ÑÖÜÝ$E. 3ë��.þ, êâ+n�)·±Ïæ^ 3Ü©�KÜ: êâ!M#A^

ÚÑÖ$E. 3Sºþà��êâÄ:��ºXà�Ôé�!�²�!à��êâ+n!

à��êâA^��¡.

�7A^�)·±Ï, �êâÄ:��A|±^r£ãA^I¦ (Application Require-

ment)!uyÑÖÚêâuy (Data and Service Discovery)!muÚ8¤A^ (Application

Development)!$1A^ (Execution)!©Û�1(J (Result Analysis). êâ+nà�êâ

�êâæ8 (Data Acquisition)!êâ"? (Data Curation)!êâuÙ (Data Publishing)!

êâ?n (Data Processing)!êâA^ (Data Use). 3A^��1L§¥, O�Ú�;]
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��¦ (Resource Request)!ÀJ (Resource Selection), ïáÑÖÚ$E�?�½ (Service

Level Agreement, Operational Level Agreement), ©�Ú�� (Resource Provisioning and De-

ployment) ]
, éO�NÝ (Computing Scheduling)!O���?1i�+n (Monitoring

and Management).

�âcÏ�I¦©Û, AO´�éà�Ôé��²���ÖI¦, JÑ
ùaÄ:��

AT|±�Ø%ö�, Xã 2 ¤«.

ã 2 à��êâÄ:����'¹Ä

Fig. 2 Activities in agricultural big data infrastructures

�âØÓÄ:���Nï(J, òà��êâÄ:��é0BA^!+nêâÚ]


)·±Ï�'�õU?1ï�, Xã 3 ¤«.

ã 3 à��êâÄ:���Ä�Vg

Fig. 3 Basic concepts of agricultural big data infrastructures

3.3 ©)À��ï�

3.3.1 �ÆÀ� (Science Viewpoint, SV)

�ÆÀ��ï�´©Ûà��êâÄ:���|�(�ÚõU, ÏLù
|�SÜ'

X, ±9|�Ú�'�NpÄ�1�í�Ñà��êâÄ:��¤�¹é���nÚA5.

TÀ�½Â£ã
à��êâÄ:���9��+!�Ú!A�1�, ±9à��êâÄ
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:���p?1�. TÀ��8�Xe.

(1) �£ãà�Ôé��êâ���'�¯ (Stakeholder)!�+ (Community)!�+1

� (Behavior), ±9�«ë��Ú!$1�+nüÑ��¡JøÏ^c®.

(2) �âÏ^c®, (Üà�Ôé��êâ�²��I¦!cÏó�±9�'�A^|

µ, Ä�ÑA���+!�+1�!�¯!�Ú�äN£ãc®.

�9�Ä��VgXe.

• �'�¯: à��êâÄ:���|Ã�'�, Xã 4 ¤«.

ã 4 à��êâÄ:���'�¯

Fig. 4 Stakeholders in agricultural big data infrastructures

• �+: ��êâÄ:���êâ!ÑÖ!$E�'�<
�âØÓ�Ö½I�
|

¤�+N, Xã 5 ¤«.

ã 5 à��êâÄ:��^r�+

Fig. 5 User community of agricultural big data infrastructures

• �+1�: �êâÄ:��A½�+��51�.
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• �Ú: 31�¥�'+½ö+�¤
3�¤�½1����5A�. Ä�/`, �

Ú�±´ÌÄ�ÚÚ�Ä�Ú. ÌÄ�ÚÏ~´<½ö^��UN. �Ä�ÚK�±´Da

ì!*ÿÕ�<Ú�UN±	��Ú.

• üÑ: �êâÄ:��3$E¥ØÓ�¡��üÚ��.

3.3.2 &EÀ� (Informational Viewpoint, IV)

&EÀ��8I´�à��êâÄ:��¤?n�êâJø���Ó�Ä��..

IV�½
&Eé��a.±9ù
a.�m�'X, Xã 6 ¤«. ù�À��Ì�8�´J

ødRI?n�&Eé��)·±Ï�Ä��.. §�½Â
&Eé���åÚ+nù
)

·±Ï�5K. &Eé�´ù�À��Ä�Vg, Ì�^5£ãà��êâÄ:��¤?n

Úö���aêâÚ�êâ.

ã 6 à��êâÄ:��&EÀ�

Fig. 6 The information viewpoint of agricultural big data infrastructures

�9�Ä�VgXe.

• êâ: à��êâÄ:��?n�êâ, äN�)�©êâ!��êâ!êâ�

¬!êâI£!êâ�°.

• �êâ: Jøêâ�æ8!�Æ¢�!à�)��L§¥þe©!|µÚÙ¦k'

�&E, äN�)êâæ8L§£ã!êâ�þ5º!��c®!�êâN�5K!�


P¹!+n�êâ�.

• êâö�, éêâé�ö�¿�UUCÙG�. 3&EÀ�p, ë��.½Â
e�

êâö�.

◦ V\�êâ, �âý½Â��ª (�êâ)V\�A�£ã.

◦ 5º: é&Eé�V\(�z½ö�(�z��	&E, Ï~kgd©�5ºÚ�

Â5ºùü«Ä��5ºa.. gd©�5º´��©�½ã/ (i;½Â)V\{á�)

º½¿�. �Â5º´�òêâó��(�zVg�. (�N).

◦ êâ5º: $^ý½Â��/½�ÛVg�.¥�Vgéêâ?15º. 3¢S¥,

�±ÏL�Vg�.¥�VgV\I\½��5�¤.

◦ �êâ5º: �êâ5ºÚ�Â5º�mvk(��.�.

◦ ©���I£Î: �âý½Â�?è�ªÚ+n5�, �êâ©����I£Î.

◦ ïáVg�.: ïá���p'éVg��/½�Û�..
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◦ �°: òêâE��Ù¦êâ�;«, ±B3u)êâ¿���¡E�©êâ. �

Ï��´�«AÏa.��°.

◦ �þu�: �yêâ�þ�ö�, ��)�ØDÑ!íØw,´�Ø�êâ!O�

�O. �þu��±3êâ)·±Ï�ØÓ�ã?1.

◦ êâ�÷: �1�X���êâ/êâ�¦!êâ?n!)º(J, ���#��

¦. Ï~ù�ö�kÏu\�éêâ�
), �±ÏLAÏ�^�5|±ù�ö�.

◦ �ª"�: u��uÙ�êâ, ù
êâØ¬2��U. Tö�>uêâG��U

C——“�ªE�”.

◦ gd©�5º: �&Eé�V\��{á�)º½¿�.

◦ �1Vg�.N�: �1��=�5K (l��ü��,��ü��N�) ½Vg�

=�5K (ò¹Âl��Vg�.=��,��Vg�., ~X=��è�L).

◦ ?1*	Úêâæ8: ÿþëê½*	¯�. ÿþ½*	�5U�)ÿþ(J.

◦ êâ?n: � =�Ú)¤êâ�¬; � O�, ~XÚOL§!�[�.; � �Àz.

◦ uÙêâ: ¦êâúm.

◦ uÙ�êâ: ò5þ��êâJø�ú¯.

◦ �Îêâ: �êâ�;ux�¦±u¢¤I�êâ.

◦ �Î�êâ: ��êâ]
ux�¦±u¢a,���êâ.

◦ 5þ�êâ: ò�êâÑ\��êâ8¹¥.

◦ )Û5º: u¢)Ûêâé�¤�¹��|5º.

◦ ��VgN�5K: �½êâÚ/½Vg�N�5K.

◦ £ãêâæ85�: Xÿþ½*ÿ (/:)�/n �.

◦ £ãÿþ½*	: £ã*ÿ/ÿþ�{�[!.

◦ �;êâ: ±±Y��ª8�½��êâ, (�±Y���¯5Ú�^5.

◦ J�: gÄ)¤Ú�;k'ö�ÚêâG��U��êâ¿��å
¢~.

• êâÚ�êâG�: ^5£ãêâ½�êâ3)·±Ï¥�ØÓ�ã. êâ�±k

�© (êâ��Ðæ8)!®5º (éêâP¹?1�'&E�Ö¿!5º)!®�u (éê

âSNÚ�þ?1u�)!®D�êâ (�âý½��êâIOéêâü�ïá�A��ê

â)!®EØ (éêâ��þ!(���¡?1u�"Ø)!®Vg�.N� (�âVg�.

N�5K®�¤êâÚ�'Vg�.�N�)!®úÙ (Äu�êâ��+n5�òêâü

�é	úm) �ö�G�. �êâ�±k�© (�êâ�Má�ÿ��Ð£ã, d��SN�

U´gd©�)!®�P (3XÚ¥ (X�êâ8¹)Má�A��êâP¹)!®?8 (3�

êâ8¹¥?¹�'�êâP¹)!®úÙ (êâSNé	úm)�G�. êâÚ�êâG�

�±ÏLG�=�ãÚêâö�\±'é, Xã 7 ¤«.

3.3.3 O�À� (Computational Viewpoint, CV)

O�À�éà��êâÄ:��¥�O�é�±9§��±N^���?1ï�, �

.¥O�é�ÏL��N^Ä:(�¥�Ù¦é�. CV �£ã©� 3Ü©: é�!CV é�

ÚfXÚ!CV8¤:, Ù¥é��)±eAa.

• CV .¡é�: Bu^r�¯à��êâÄ:���O�é�.

• CV �né�: ¿�^r½ö�rà�¯à��êâÄ:��¥�êâ½öÑÖ�
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x0, ùaO�é��1�Â)º½öE,�Î+n.

ã 7 à��êâÄ:��êâG�Úêâö�

Fig. 7 Data states and operations in agricultural big data infrastructures

• CV ÑÖé�: Jøéà��êâÄ:��XÚÚ�a]
 (SÜÚ	Ü)��¯!

8¤!?§�O�é�.

• CV |�é�: Jøé�àé��¯�O�é�.

• CV ��ÑÖìàé�: �¹à��êâÄ:��XÚÚ^u�¯ïÄ½�)êâ

�¬�]
�O�é�.

3.3.4 ó§À� (Engineering Viewpoint, EV)

3ë��.¥, ó§À�lXÚ�O��Ý�â&EÀ�!O�À�Ú�ÆÀ�¥�

êâé�!êâ6!O�é�, ±9�+1���¢y, JÑÜn��¬©)ÚNXe�.

3ë��.¥, ó§é� (Engineering Object) Úé��� (Object Configuration) ´Ä�V

g. ó§é�¥���­���Ò´Nìé� (Container Object). Nìé����´�«

ó§é�, ��±´|�Ú�¹Ù¦ó§é�¿/¤(�. ±�ÑÖ�Ì�ó§é�´8c

^�XÚmu�­�ª³.

3ó§À�p, �â&EÀ�ÚO�À�½Â
�X�Ä�ó§é� (Basic Engi-

neering Object, BEO), ù
é�©�I£!8¹!?n!J�!DxÚ�;A�a. z

� BEO �é�N��� CVé�.

3.3.5 EâÀ� (Technology Viewpoint, TV)

EâÀ�ºX
A^uO�L§7L�1�ykO�²��y¢�å (~Xé^u

¢yTXÚ���ÚEâ���). ENVRI RM ¥ó§À� (EV)�5��3�ydÙ¦À

� (�ÆÀ�!&EÀ�!O�À�)Jø��.��¢��EâÚIO�m�(¹éA.

4 A^Y~

�!(Üþ°à��êâÄ:��ë��.�8¥�¢Só�, ÏLü�¢SY~5
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?Øë��.´XÛ�Ï¢yI¦©ÛU?Ú¢3XÚ,?UE�.

4.1 ë��.��e�I¦æ8

à�&Ez���3I¦æ8J�JK: ��¡XÚmucÏ, mu<
éÄ:��u

Ðª³�@£Øv, I¦æ8¯K���~Ø��+; ,��¡Ä�àr!êâæ8ÕéX

Ú"��Û@£, æ85�I¦�é5Ør. �éù
¯K, �©3þ°à�êâÄ:��

ï�¥, $^ë��.éDÚI¦ó§�
��ÚOr, éàÅ!T:�ykXÚ��I¦

æ8�
U?, Xã 8 ¤«.

ã 8 ë��.3I¦ó§Ú�O¥��^

Fig. 8 The Reference Model’s involvement in requirement engineering and system design

4.1.1 XÛ(½I¦�æ8¡

l(½�'�¯\Ã, �âë��.éêâæ8!"?!?n��'�¯?1�Úy

©, �Ñà�êâæ8!"?!?nÚ¦^L§¥��Ú, Xã 9 ¤«. �âã 9, lêâæ

8�+!+n�+Ú¦^�+\Ã, éY~¥ÌÄ�ÚXàr!Ôé�êâæ8
, ±9�

Ä�ÚXàÅDaì!àÅ GPS!êâæ8Õ�?1[�În.

4.1.2 XÛk�/��I¦¯K

�éØÓ��¯, �âë��.9ØÓÀ�5��I¦¯K, 4¯K����C�'�

¯�¢S�µ, �4¯K���Ú£ã�ä�L5Ú�é5; �âë��.�êâ+n)·

±Ï, 4¯K���CX����XÚõU��. 3¢S¥, �éàÅ!T:êâæ8, "?

ØÓ�Ú�¯K, ¿�âë��.\±��.

4.1.3 XÛ�Ok��I¦æ8�ª

3I¦æ8L§¥, Ø
üX�æ�, �âë��.�õU�.�Äu|µ�¯K£

ã, �4�/~$V�3�Ï¥�JÝ. lë��.�ØÓÀ�ò¯K���^S��
y

k^��.�(Ü, �;�æ8L§LuÄ�. 3¯K��þ, A¿©�Ä�'�Ú��µ,

'XàÅ�Ö+n�¯K�l�ÆÚè�À�?1��; �'&EÚO��¯KK­:�
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écÏXÚ�ÑÖmu
!êâ+n
�;��£�é´L��!é�.

ã 9 ^r�+Ú�Ú©Û

Fig. 9 User community and role analysis

4.1.4 XÛéæ8�I¦&E\±©ÛÚ£ã

ë��.g�¿Ø´A½�XÚ�O, �Ù¥&EÚO�À��½Â%�±�[zI

¦, AO´(ÜEâï?ÚI¦��\æ8Jø��. X3�éêâÚKÜ�1�ÓI¦æ

8�, ��âë��.�'�?86§±9êâ8¹�IO2Sü?�Ú�ykEâ0�,

l
[zI¦, ¿�¤lI¦��O�LÞ.

ã 10 ¥à�)��+!:©�àÅ�+!àrÚÜ��. ���I¦æ8�U�é�

^r�+Ú�ÚüÕ?1, �3Të��.���e, �±mÐþe©a��I¦©Ûæ8,

'X, �àréI¦¯K Q1?1
£A�, �±?�Ú�?JÑ�àÅ�'�I¦æ8¯

K Q2 Ú Q3.

Q1: s[Ì¦^àÅ���¹ (ö.Å!��Å!Â�Å!��Å)´No��?

1) g[Pk��, gCö�)�.

2) �Q¦<9��)�.

3) àÅÑÖÜ�Jø.

4) Ø�B¦^Å�ö�, Ä��<ó.

5) Ù¦.

Q2: XJ�	ïà�Å�, �o��d�sU
�É?

1) 1000 �±e.

2) 1000-5000 �.

3) 5000-10000 �.

4) ��U�5²L�Ã, Ñ¬ï.

Q3: sú�8càÅÑÖk=
/�I�U??

1) ÑÖd��p.

2) Å�����þØp.

3) ���9�5Ø
.
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4) éXØ�Ü·�àÅÑÖ.

5) ö�EâØ
Ùö.

�XàréI¦¯K£��ÅÚí?, b�àr3£� Q3�XJÀJ 4)“éXØ�Ü

·�àÅÑÖ”, d�q�±3ë��.���e?�Úéàr�Ü���äá'X?1I

¦�	, ?
�Ñ,���bCàrI¦�¯K Q4.

Q4: s[Ìë\
à¬;�Ü��í?

1) ë\
.

2) vë\.

3) Ø�Ù.

ù�Ä�(½I¦¯K�L§Xã 10¤«.

 

 

 

Q3

Q1

Q2

Q4

ã 10 ë��.��e�Ä�(½^r�+�I¦©Û

Fig. 10 Dynamic community requirement analysis supervised by the Reference Model

�u�Ì, �©=l�ÆÀ�?1£ã, ÏL©Û(½Ñ�'�¯, Xà��ï<
!

�àè�!�?�à�?+nÜ�!à�)�<
 (à�¬$��r!«�\ó�r!Ü

���
!{�àEí2<
)!XÚ¦^<
�. éþã�¯��aI¦?18B�n,

3ë��.���e?1þe©a��I¦¯KJ�, Ó��Ä^réI¦
)�ÅÚ�

\, �����A�I¦¯K. ã 11 ´Äuë��.��¢y�Ä�I¦©ÛXÚ�$1.

¡�¶.

4.2 ë��.���XÚ,?

�êâÄ:���ï���Ø¬l"m©, éõ�3¦^�¢3XÚò¤�Ä:��

�­�å:. XÛ,?ù
ykXÚ¦Ù÷vÄ:���I¦´I�)û�­�¯K. ±þ

°à�&Ez�~, L� 20õcpmu�Úà�k'�A½1�&Ez�ÖÚêâ+nX

ÚÒk 20õ�, ,
�õêXÚ��Ä
T1��A½õU (Ì�´�Ö+n!gÄz).

TY~�Ø%g�´òþ°àÅ+nXÚ�Ö&E!àÅ¢�&E!àÅu^±9Ö

b�õ�ØÓXÚ�&E?1kÅKÜ, 3dÄ:�þéàÅ]
©�!Öb"Ø�¯Ö

�`z.

þ°àÅnÜ+n²�¢y
àÅ�Ö��¡&Ez+n, �9àÅ�Ä�&E!Ö

b!�[!øAû!�Ö6§!nÜNÝ���¡, ¿®þ�$1õc, È\
��¡�à

Å+n&Eêâ. 3ù
cÏXÚ¥, ÊHÑ�é�g�8I?1L�A�I¦©Û; ,


ù
XÚ²�ÊHØÓ§Ý/�3CX¡�$!oN5�!êâ��f!&EÑÖUåÉ
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��¯K. ,	du"yIOzm�êâà�, �XÚ�méJpÏêâ,Ã{¢yºX�

��2�A^mu.

ã 11 Äuë��.��¢y�^r�+Ú�Ú©ÛXÚ�$1.¡�¶

Fig. 11 Screenshot of the Revised Community and Actor Analysis System

TA^Y~���­�8IÒ´, ò�Ö�]
Ú<
��é“·�”�&E+nÚà

Å¢�i�êâ, ÏL�ï��m�êâ²�¢yé�. T²�ºX�Ö+n!àrÑÖ!

Ü��A^ù 3 �XÚ, �±JpàÅz)�+n�ÑÖ�&EzY², àÅz)�ÌNÚ

+nÜ�U
9�!B$/¼�ÚuÙk��àÅ��&E, )ûàÅ��øI½|�&

EØé¡, �Ð/�àÅ+nXÚ!ÅÃÚà¬ÑÖ, r?à�O�Úà¬OÂ.

3ykXÚ�Ä:þ, �½��¡��UàÅ�êâA^5y, |^�O�!�êâ�

Eâ, òàÅ��&E!à�/n&E!íÿè1&E!�UàÅûü|±&E�A^ê

â8¤, ïáàÅ1�Ú��&E+n²�, ¢yà�ÚàÅ�êâ��Ó+nÚnÜ|^.

êâKÜ, �¡z���êâ¢ypÏ, äNkXe�õU.�¢y�p?��UA^Jø

êâ|±. äNkXe�õU.

(1) àÅ3�i+!3 �¹©Û!��G���!�U+n�õU.

(2) JøàÅ+n��NÝ¥%i�Ð«XÚ!àÅi�+nXÚ!àÅ�UNÝ+

nXÚ!àÅOy��+n!àÅÅä+nXÚ!àX/n&EXÚ.

(3) é÷ ���Â�Å!��Å!ö.Å�àÅ&EÚ�z+n, �)àÅ3�i

+!3 �¹©Û!��G���!�U+n�õU.

(4) �Uÿ/õU±9gÄO�õU. 3m©���?1��¡Èÿþ, Â�(å�g

ÄO���¡È, Ó�gÄO�÷ �þ.

,?L��XÚI¦©ÛXã 12 ¤«. #XÚé©Ñ�ÕáXÚ�I¦?1
Ü¿

N�9Ö¿, �ï
��m���êâ²�, CX�k��Ö+n!àrÑÖ!½|A^

� 3 �XÚ, él�¯!ÑÖÚêâù 3 ��¡?1
*Ð. ã¥ÉÚ�L#OÜ©, ùÚ�

L3�k�¬þ­#�C=�, 7Ú�Lé�k�¬?1
*¿.
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ã 12 ë��.��e�XÚ,?�¬«¿ã

Fig. 12 Module upgrade supervised by the Reference Model

ë��.3,?L§¥��^Ì�Ny3XeA��¡.

(1) �Ü�å^�, é�XÚI¦?1
©ÛN�

(2) �Üêâ, ÏL�½Ú�Ä��.!Ú�êâIO, �y
êâ�O(5!��

5!��5.

(3) N�yk�êâ±Ï, (Üë��.� 5 �À�©Û
¢yõ
êâ�®oKÜ±

9�Ó|^.

(4) éykXÚ�¬(�ÚõU1���?1
�gzõ°Ý£ã, ¿ëìÚ�IOé

�XÚõU|�
?1N�!=�½|Ü.

�é�XÚêâiã�ªØ��!oN5��¯K, ÏL�½IOzm�êâ��, ¢

y
�XÚ�mêâpÏÚ��, Jp
&EÑÖUå. æ^�²�Ã'!�óÃ'� Web

ServicesEâ��DÑ�ª, ¿�½Ú���. ÏL8a�n�k�õ�ØÓXÚ¥��Ö

&E!àÅ¢�&E!àÅu^±9Öb��'�ÖêâaO9êâ]
, �½
I�?

1êâ������I�, ¿5�
�I�8�á5!êâa.±9�å^�. &Eêâ�

���Äuêâ¥¥�L(�, Uì Web Service 5�?1½Â��. ã 13 ´,?�XÚà

ÅNÝÜ©�$1«¿ã, Ù¥þ�Ü©�XÚF~+n.¡ã, �eÜ©���¡Èÿþ

õU�ã, meÜ©�àÅ;,Jl, �±^u¢y>f�9.

5 o (

�©?Ø
�êâÄ:���ï�]ÔÚy�ã�;½5. ë�I	�
ykó�, (

Ü·I�¢S�¹, ±à��êâÄ:���~JÑ
Ä:��ï��ë��.�{. ÏL

õÀ��ï��{, é�êâÄ:���Ø%L§!Ä�£ãc®!NX(��Ä�A�
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Fig. 13 Screenshots of the Upgraded Agricultural Machinery Management System; the upper

figure is the general user interface; the bottom left figure shows the automatic acres

measurement function; and the bottom right is the trajectory analysis, which can be used for

the electronic fencing function
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