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�î

&t$%&')ì�[�r�
�	02�n�ð

ÄqH)Õy�±²�)pqr)W)�n

����»f�X� McWill 
�ÍÎ�
��

���qH�11 785~1 805 MHz?890~960 MHz?

2 320~2 370 MHz?2 400~2 500 MHz2T��U9

��X�ÍÎ�
�ðÄ��	0DE)�
�l

 y§�»9� McWill 
��§�¡¢Z_T�

`a�ûU! 

o
�qH4�£ÐÓ�Ñ5Ñ 4ÒÓ! 

 

� 4  U�	VWXYZ���� 

6  ��	 !"#&'���()�	*

+,-�./ 

o
�qHI:¤¥U���~�}¦§¨©�

��ª�´/)T�f��~¡�¡P«
�C?«


����	}�)o<�	
�tu¬)�g�

 

� 3  �+/*[���������� 
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��â~�fë®¯×+?Ü�«
�][�! 

°��X��¢)r�o
�I:1POI2PQ

/0`a?�±²�Õy 2G?4G?Wi-FiUV)ï±

²�xí6���x��DE)uw�âh~���

DEÞ�Ujkyü! 

°�`a�������DE��)[�'±�

å³´?µØì�ç?�å×ª?��@A?T�¶

�EF?v·t¸ãv[¹µºI:L���T�)

u��»¼¾½Þ���µ?[¹µ�/0I:)Þ

wãv?�²�Ý! 

7  012 

�»o
�qHI:/0�ª�y§¾ 2G?4G?

Wi-Fi?DTW L��	0pq��Xyü)VWU�

x2�
��âXÕy)N�66��U±²)¼½

[�T�o
��`a��!oUpq4[���Þ

�xU?Internetsn)��o.��� !pq4�

�{
�WX��][§\��¿¿}�)� 2G?

4G?Wi-Fi?DTWT�tu¬�����)½�{


�W§�¿¿}�loUpqÀu��»¼¾½�

��µ?[¹µÞ���8�)Þwãv\?�²�

Ý)T�	�µí×¸µ�Á>pq! 

����� 

[1] \]^_,-�/F`a. #bcd��ef�	[Z]. 2004. 

[2] ghi, jkl, mno, p. qr#bcst�uv[M]. w

x: yz{|}~�, 2005. 

[3] ��cd�����	: YD/T2704.5-2014[S]. 2014. 

[4] ��c�	d�efuv�/45: YD/T5120-2005[S]. 2005. 

[5] \]��������. �Pd����	U�	���POI��

����(��� V1.0.0 [S]. 2014. 

[6] |�����^������ : � 4 ��  d����	 : 

YD/T2164.5-2013[S]. 2013.
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CPU��� printf����	 

��	
1,2

��

1,2

��

1,2
 

�1. ������	
����������������������������� 100192� 

2. ������	
������ ��!"#$%&�'��()�*+,-.��� 100192/ 

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

�+,-."#$/&012345678/9:�)*;<)*=>4?@&ABCDE7FG=>4?�H

/IJ;KL CPUAB4?@"MN< CPUOP@QRST�UV&��7W�QRXY CZ[\@ printf]

�^M�_`&ab7cPde�OPdefg�QR_h&0ib7j^M'kl)*=>mn debugopq

rstuv�Jwx; 

����)*=>yCPUAByprintfySTydebug 

 

1  �� 

ÂÃ CPU ÄÅ�ç»Gor�¾6��Àª

¦ÆÇÈ±ú�Æ�É/�Êà CPU ¿Ë�*)

CPU�¿Ë�*ÌÍÎd¾ÄGÏ)({ÄÅ»G

ÐÑÒX�jÓúÔt
��Õt)|�N}�»

íÔt
��	�C�jÓúcÓ�Ö×ÄÅ»G

*� CPUØÙ?â��?GÏ¾ÄÚÛL#õ	

�)ÃÄÅ^ÅÆoNo)��Ã CPUyj�çØ

Ù��U×t�! 

8Ï��ì)({T�
��ÛX{)ÜæÝÞ)

��Àª?Áª?���ÇÈ×W?ÄÅ×W�æLinux

ßà�L)ì�UVlÀáXRnv�Zâ!²ãj

�R.�ØuÄÅ CPU �íjÓúÔt
���	

Þ�U�.ne)dÃ4U()£ÐíÀÁªT��

F)f CPUÄÅ*T�U printfne! 

2  3456 

2.1  Linux� printf������ 

?v¾��{äª�ååÅæç�MÀª×t�

FíjÓúÔt
��#�»G� 

#include<stdio.h> 

int main(void) 

{ 

   printf(“I have a dream!”); 

} 

R��	èäª� CGÏ)°� gccÇÈ¶±[

éÄãª)êu print)LinuxëÎÄ*./print¾Ä�[

éÄãª)ìí@Ö×4�I have a dream!�)d4Ï

îï4GÏ!&	ÐÑð{Øñò�GÏ�¾ÄÏó)

[��XÆ®�ØôõRöGÏ�÷4jÓúñøU

ùúû*)uùúüURö�jÓú�ìí�@ýþ

��cÓ4Å)����òíC�cÓ�×t!T�

lRS×tñ��jÓúÔt
�'±�)�*Ôt


���t�Xz{���jÓúÁªí�M]î

�s�)��íjÓúÀÁª
�Z_�EF�! 

¾Älç[éÄGÏ�)Ôt
�W)ø�×t

5?� 

� Ôt
�u print GÏPÕðGd½2�x¿

	î)�
�?�L¾GÏ�¦Æ���ä

nx¿l 

� yÛðGu�ØÙ)�#>GÏ#>�ðGl 

� #>à�ðG)¾ printf�¥±
�#�)�


�#��&jÓú�cÓy§)��ý6�D

ÃcÓy§l 

� cÓy§���GÏs�àëÎ�6�)ýè

é�¥±cÓy§}��� I/O ëÎ)¾ëÎ

D�Ãy§C��)6�D�ÃcÓ¿Ë�)

��cÓy§l 

� C��C�cÓy§E4þ���I have a 

dream!�! 

U�U�lxÊ)�[��lå*+? printf T
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�fjÓúcÓ«¬Ö×��z{�ª��MÀª

*��³� C�� stdio.h�ãª)�MÀª¾Äfj

ÓúÔt
�]l! 

2.2  CPU������ 

CPU�¿Ë�*�ÌÍÎ)�n�¿�*)��

ÜÍÎðÄÈÆ?Ü�LÔt!�»ÈÆýÍÎ�ò

±�
 åÔt)d4�4ÒXC�ëÎ)éÄÒX

�åÔt)�ÒXåÔtéÄ'±)�'±�ÍÎ�

éÄ! 

ÍÎ�Û*+?��ª{ �o{ byteû±�)

�*���{ �o{_P!þ	?,�P!þ	?

Ôt�þ	?"���æ�#ØÙÆL!N�$J�

ÍÎ@���l�2 �v�þ	! 

2.3  ASCII���� 

� 1 4U ASCIIÆÛ�Ü%! 

3  CPU78*9� printf:;�<=:> 

3.1  � !" 

²n�ÐÕU�{�� CPUÄÅ�rJ SOC


�)
��� CPU?DMA1direct memory access2?

GPIO?SRAM1static random access memory2)
�8

��� AMBA2.01 advanced microcontroller bus 

architecture2!�*)CPU� DMAtu8�� master)

DMA?GPIO� SRAM tu8�� slave!'± SOC


��ÔÕ�4)ÇüC�
�ÄÅ&G�ôõI:

1testbench2)ôõI:u SOC
�Þ��'?XÚ?

memory�()µLÌ×t! 

ÄÅ
�¾Ä»G*)�MGÏ¾ÄfÄÅ
�

� CPU*)¼N�jÓú� CPU*)*~T��M

GÏ� printf |}Ö×àjÓúcÓìl)ÌóT�

ÄÅyz*� CPUíjÓú� CPUðÄÕt)��

ÄÅyz*�CPU�ëÎÃjÓúCPU)jÓúCPU

C�cÓ�ðÄìíÖ×!�±+ 2$,-�xÊ)

cÓy§�cÓy§���C�)cÓy§����


�#�.�#�)
�#�.��jÓúÔt
�

#�)/ú�Xf CPUÁªÄÅyz*#�
�.�

A}C�jÓúcÓ����ð¼C�cÓ�)è«

T�Ö×! 

fj� VCS� CPUÄÅ�çyz*)}�íj

Óú
�Õt��X Verilog0v�
�.�)Û��


�Ö×.�X$display �$write)R0��$write)

Ö×4NðÄ��¥Ä!d¼1²,��f�M�

�� C�2GÏ*�» printfneT�Ö×)R34

� CPUÀªí VerilogÁªðÄÕt)²
�*�

GPIO ´i�ÄÅ
�*�MÀªíjÓúÁª��

	`a!
�5£5Ñ 1ÒÓ! 

3.2  #$%&'!" 

Àª�T�n�u)#�³� C�<stdio.h>*�

sprintf.�)�.�[�ýþ�� �^i���

.6/þ��Ö×àþ��i�*)²n�*�7

U�{ char$J8>u 200�þ��i� stringt

u buffer¿Ë¾Ö×�xÊ!��7�{Ö×.

� spntf)�.��|}u¾ stringþ��*�ð{

þ�2�üàÁª GPIO *u9�7Z��{P

!*!  


�n�Àª�25£5Ñ 2ÒÓ)��³� C

�2� stdlib.h �*� sprintf .�)�.�[�¾�

.6/:á^Xi��þ��g¿à�{þ��i�

� 1  '� ASCII()*+ 

ASCII� ���� ASCII� ���� ASCII� ���� ASCII� ���� 

32 �� 44 , 61 = 94 ^ 

33 ! 45 - 62 > 95 _ 

34 “ 46 . 63 ? 96 ` 

39 ‘ 47 / 64 @ 97~122 a~z 

40 ( 48~57 0~9 65~90 A~Z 123 { 

41 ) 58 : 91 [ 124 | 

42 * 59 ; 92 \ 125 } 

43 + 60 < 93 ]   
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*)�²n�*êu string�þ��)spntfu�M�

7Ö×.�ê;)�.����{En6��þ��

string �8>)d4¾ string *�ð{þ�¦<ün

GPIO*�cÓª=����¿�*! 

 

� 2  � ¡Z 

>»�l�7íT�)�M*fGÏ�?X@n

Ö×� )Ôt5?� 

    spntf( sprintf(string,”all kinds and format of 

string”) ); 

Ü���AX���. CPU �GÏ)Ü0v�

printf.�ø&�B¥)�[f CPUÄÅyz*¾Ä)

d½^XjÓúìíÖ×|}! 

3.3  ($)*&'!" 

Áª�T�n�u)Þ��{êu GPIO� AHB

8�� slave´i)�´if ahb_decoder*2�U

1 KB�P!	î)�*8�P! 0x90000414�Ö×

|}�uyP!�!fÄÅ»G* GPIO ´iT�B

ô8�P!�)Â CPU*�ÀªGÏ�uyP!ü�

��)8�@ hit à GPIO ´i)CPU �4��P!

ü���ÍÎ)¦� AHB 8�CDè«�Eà8�

s�l)GPIO ´i1�8�CDÌFuyP!ÒÜ

����d¾�¿Ëfx��¿�*)��¿Ë��

�uÀªD�»Å�þ�� ASCII �)GPIO ´i*

��ÆGHÜ ASCII�ðÄ�Æ)�4Ü��þ�)

#�
�.�$write()¾þ�Ö×àjÓúcÓìl!

GPIO?F&G5Ñ 3ÒÓ! 

 

� 3  GPIO¢£¤v 

�����Æ�2)Ü�N�jÓú
�@X

N��ÇÆn/)f²ÄÅ
�Òf� Linuxßà

�l�ÇÆn/u utf-8)utf-8 ÜÒXIJþK�

 

� 1  �	¡Z 
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ÇÆí ASCII �¸!f#�³� C �2�.�

sprintf �)
��r��.ÇÆn/¾þ�L%

ASCIIn/¿Ë)D�ÃÁª���T�l�N�

���)ì���{�ÆGH¾ð{���ò

±Ü��T�þ�!N�jÓú �N�Ôt


�@XN��ÇÆ6/)Ü���ÆGH�ø

&�#(!  

uUÐÕ�|})SOC8�
��M����{

slave� GPIO.�)R{�ydN��NO�yj�

2)�� CPUÀÄ»G*��. debugn/)fè«

P²¦Æ*��Q GPIO �2Ü��ÒXÁªGH!

$RP)NyjªS� slave)¼��T��AHB 8

�lAX��{ slave ��{P!	î'±�|})

À[�Uà�3�Ýó! 

4  012 

²ãÞ��f CPUÄÅ�ç»G* printfT��

ne&Üäª)T�\Z!&��»ãª�ü�n

/ðÄÕtÅV)��T�\���êW�U�XÖ

�?�Y��üãªRSa>Z�ãª I/O Ôt)f

ÄÅa>�\}lñXÒÞ]!|�X[��çØÙ

Þ]ôõ�å�#õÝb)fÂ?�çØÙ�¨�*

+?XÌ\æ]Ý�$ne! 

����� 

[1] BRYANT R E, O’HALLARON D R. ¥¦£§/¨©�	(ª«

~¬�~)[M]. wx: ©®u¯}~�, 2016. 

[2] PATTERSON D A, HENNESSY J L. /¨©°A±�/[M]. ²³

´, µ¶·, ¸^¹, pº. wx: ©®u¯}~�, 2016.
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LTE 230 MHz
�������������� 

+,-
./0
123 

�����0�1�*������ 100070/ 

�&&��Rz{ LTE 230 MHz|}~�����f��L����&��������bR'L������

����9��Q����2��Jw�����;���������� ARM �� ¡¢£¤¥&¦§¨�

© Linux ª«¬&k®¯°� UI ±²&³´� GPS/µ¶·¸¹º¬&01»´¼½®;¾�����

��MQR�����¿��ÀÁ�ÂÃ&0QR��4?ÄÅ�^M;�������<ÆÇÈÉ�^ÊÈÉ

�F�gË_²f�H/ÌÍ; 

�����������y�������yLTE 230 MHzy|}~�� 

 

1  �� 

¡¢+ �U>^«¬�	snU¸à�v

v_�)LTE 230 MHz����`U_y·�k

6)�«¬��ÀaÍ�xlwbË!ugç��

«¬�f�b�
�c�\)«¬Í��!&'d

fef!LTE 230 MHz��`U	0[\ôõÒÞ

��Tô��Ü�«¬�	snU�[\³g?T

üæ45HmñX¢â�6õº�)Ü� LTE 

230 MHz ��`U�h�æi��NX¢N[j

k�â�7! 

��	0[\ôõ6or�Hô�n/)�

s	�`Uôõ×Wl��L�	m)�¦n×G

o�>�Ü	0�Z*p�ðÄqO!¼Æo*+

?)���#r	0�sF�\)ftbu~@�

¶��?v�?w�L�.sF�x)·¸	02

�Nyz!5óX�{}�Ü	0=>L	�ð

Ä�µôõ�GK/	0ôõ!�}YZP��

×t� !  

GK	0ôõ!�|ô}�� iMX6 ��?F

�u�~)¾Ä�n/ Linux3.0.35 Ôt
�)�

Qt5.4 u��GÏ��5£)�ÛX�GPS+���

���Ú
�)d½xÛ�����!�Hô!}

T�Ü`U	0�Aô?cÓ?��)dWXôõ

»G�%�|}!²ãyj�GK	0ôõ!f�

�Ä¸	m?±²C�?|qC�æ(ú)�nv

WXÆ6gË! 

2  ?@)A��B�CDEF 

2.1  456789:;<=>? 

f LTE 230 MHz����`U��)`�	0ô

õ×�W���	m)ì�f LTE 230 MHzÕU��

«¬s	)ü×��×Go����P3à����

��«¬ãäPh)�¼������`U�«¬�	

UV��!DÜ��`Uôõ×W�Ø)��.���

� 2ò)GK	0ôõ!�|}�X�?Ðh! 

112	06�ô� 

JK LTE 230 MHz����`U	0ô�)��

r~Ç0?×t�	?SINR?RSRP 6�	�!R�

GK	0ôõ!è��|})Þ�T���� SINR

�RSRP��	�)��ôõØÙÜ���LTE 230 MHz

���	0��ø4��qO! 

122>�>	�cÓ 

fD��Hô×W*)ÚÛ	�À�â�Hô

	�!ì�)XÌfGK	0ôõ!*�n>�>

	�cÓ¿Ë|}!>�>	�X[�ôõØÙÜ�

�«¬��Ú)d½fôõÏî4ÜôõÏó��)

fPÑl�ÚàôõPh! 

1324��Áª�Û 

GK	0ôõ!¾Ä�n/ Linux Ôt
�).

���uM�8�îôõ.�)�W§�Úæ�%|

}!ì�GK	0ôõ!yju�� ARM ?F�?

720P]ùcÓì?GPS/�����Ú´i?500��

�]ù���?12 000 mAh6Ê����! 



人
民
邮
电
出
版
社
出
版

2018�������	
�� 

10 

142�Z��M�v 

GK	0ôõ!���Üx���ü×ôõØ

Ù)ä�ù���M�vX[�.�ØÙäµôõ»

G)����±²! 

2.2  456789:;@ABC 

GK	0ôõ!LÁª�2u�n/
��~

 ��·´i)�*��´i�� BRU ´i?��

�´i?¡¢ì´i?GPS´i?RTC´i?U�´

i?USB s�´i� PMIC ´i!ARM ?F��G

K	0ôõ!��~C��2)£¤� BRU ´i�

�	æÞÌ��?GPS���ÞÌ�ò?¡¢ìcÓ?

������æL¥B¦L×t!GK	0ôõ!Á

ª5Ñ5Ñ 1ÒÓ! 

�´i,-5?! 

112BRU´i 

BRU´i�AX±§� 230 MHz�´i)ARM

�~ í BRU´i�»���	!ARM�~ �»

���¨ATÍÎÃBRU´i)T�©Ì SNR?RSRP?

cellID� subindex9 4{í��UV&��6õ�! 

BRU´i�|qªu 1.6 W)uU��
�|q

æ«8y§×t�î)yjuJK�ú´/!f´/

?)
�¾@�» BRU ´i��_)�âQðn×

t´/�)âQs� BRU´i�_! 

BRU´i�Í�s�yjf�¬l)×t��

G�ãä^sÍ�! 

122GPS/���Ú´i 

ARM �~ �»��T�s� GPS/��´i�

¨�	Î)�»�ò	ÎFà���Ú�æT���

'	�)Â
�Aà
��îíXÝ�T��'N

�¸�)
�@1� GPS/���Ú´i�XÝ�îð

Ä®Ü!uUÞ]�´iX_Í��r3Ýb)¾�

Í�yjf GPS/���Ú´i�ln)¯�Í	n

�!�Í�uy§xÛÍ�)�M��ãä! 

Â�Mf�x.�GK	0ô�!�)��ÒX

GPS����	0)��
���Ú|}°Ý)��

Ü�|}À��°Ý!5ó
��îN��)�M�


�A}�ðÄ��Ü�Ôt! 

.� PMIC�_Ü GPS/���Ú´i��)�

GK	0ô�!����ÒX'vq¡)�.fy§

�ú�*+?)PMICl}�Ü���)VW GPS/�

��Ú´i��±���)T�GK	0ô�!�ú4

`a�Ú! 

132RTC´i 

ARM �~ �» I2C s�í RTC ´i�	)T

 

� 1  »¼�(�½¾ Z� 
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�
��'�T�cÓ!Â
�� GPS/��´i©Ì

àXÝ�T��î4)
�¾í� RTC´i©Ìà�

�îðÄÜ�)��*N�¸)�� GPS/���Ú´

i��îu�)��Y²
��îd¾��îün

RTC´i! 

.� PMIC��_Ü RTC��)gçfGK	0

ôõ!�ú�)}�u
�Þ�T��'! 

142type-C��³Us�´i 

uUf ARM�~ wx4)}�ïÊ�{�

¬)�yjr� type-C ��	s�)ìu,-�

ARM�~ �}JK USB2.0CD)́ �s���

�mµÒXt�7!GK	0ô�!�»�s�ð

Ä¶�! 

GK	0ô�!4uh�{ RJ-45 ·���³U

s�)�»U�ílÚú^sðÄUV�	)T�#

õí�ÛL|}!ÂílúÚ�	�)GK	0ô�

!¾tu�¿Ëy§)lÚú[¸sÜy§��ðÄ

�üÔt! 

152PMIC´i 

PMIC ´i'±
���_EFæ���¶��E

F)�» I2C8�s�íARM�~ �	)T����

�Bô?
�À�ú�æ�{´i��_C�L|}! 

PMIC´i�ªN���í ARM�~ �`a)

��U ARM �~ Ü�_EF�s�)��UW)

����C�¹$)noyj?Hmíwx! 

PMIC ´i�syGK	0ô�!��_L¥)

�»�L/8LÅT��/�ú|}!�´i4Þ��

{��¶��ÍÓº)��Ü���¶�ØÙ�ÍÓ! 

162���´i 

f����`UÕy»G*)�����ôõ

h�%O)ì�yjr� 500���� OV5640 V2.0

���´i)�»MIPIí ARM�~ �	)T�¹

�u»��%|}!
���¾Ò���%O¿n


����*)��g¿�EF! 

172720 dpi×1 280 dpi2¼b LCDæsFL¥ 

GK	0ô�!r� 5½¾� 720 dpi×1 280 dpi2

¼b LCD¡¢cÓìtucÓy§)̧ ��UPcÓ

��	0����ÙT�¿�)��cÓ
��î?

PFÚÛ����L	�)d�Àª�qsFL¥Ô

t�É/T�ØúÕt! 

õÁà×GT��.�*+)
�ÒXr��

Â/ ��Ê/�ÃøìEnn/)¼�.���

�ÄâXÝPgmU¡¢ì�Iv)µÅÆì?Ç

ì*+��¶!sFL¥}�ÆZP��M�ÈÉ?

ÊG<ÔtLËÌ�ª)��UÔt�>?k6U

y§��·! 

3  ?@)A��BGHEF9� 

3.1  UIDE 

uU��GK	0ôõ!.�ØÙ���±²)

äµôõ&G)¾ UI �vyjuª�Ôt�&G!

UI�vÍ�&G5Ñ 2ÒÓ! 

 

� 2  UI¿ÀÁÂ�� 

f��vl)��Ù¿�Ñ�n/¸�PcÓ

SINR � RSRP 6õ��T�iµ*+�ær~0å

^0	�� GPS�Ú	�!Â�MhÎgKLÏ�)

 �MEn¸à«¬Ç0)]4���%|})�

M�?Â-¸à«¬Ñ�)ÂhÎ¿Ë4)
���

¾Â-	0Ø+?�Ú	��ÑO	�í¸à«¬Ç

0Ð�¿n���! 


�JKDÜ¸à«¬Ç0�v�Ñ�´Ò

Ñ)�M[ÑàAôõ«¬�ôõ�î?>�>	

�?	0���æ%OL	�)dJK�MÓÔôõ

	�âQôõ�Ôt! 

3.2  LTE 230 MHzFG6HIJ 

BRU´i�AX±§� 230 MHz��´i)

Ü�uh��tu�	s�)
��»�¨ ATÍ

Î�n/ðÄ�	!Â�~ �¨��� ATÍÎ

þ���)230 MHz��´i@Õ���r~0?

å^0?SINR � RSRP ��þ��)�»�ò	

�þ	ÞÌ4����	0	�!ÞÌ	��&

G5Ñ 3ÒÓ! 
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� 3  LTE 230 MHz$°ÃÄÅ¤v 

3.3  GPS6HIJK� 

GK	0ôõ!�>�>	�Å�Ú¸à«¬

ÚÛ)�æ©Ì�îÜy§Ö�!GPS�s�´i×

Ø NMEA-0183 CD)[�E4o.6/���Ù)

y��$���!E4��r��� ASCII Æþ�)x

Ê��U�>?>>?a>?Ú5?Û�æÜ�Ø+L

	�!��$GNRMC�Ú��Ù6/���vv��

Ú	�)Ò�
����$GNRMC��Ù6/)B� 1! 

� 1  GNRMC,-./01 

ÆÇ" ÆÇ�È 

$GNRMC ÉÊ GPSËÌYÍÎ� 

, Ï�Ð� 

<1> ,-Ñ"ÒÓ�UTC time��ÔÕÒÒ��ÖÖ.ÖÖÖ 

<2> Ñ"×ØÙAÆÇ02ÙV602 

<3> ÚÛÙ�ÔÕÛÛ��.���� 

<4> ÚÛÜ�ÙwÝÞ NßàÝÞ S 

<5> áÛÙ�ÔÕÛÛÛ��.���� 

<6> áÛÜ�Ùâ EÝÞßãWÝÞ 

<7> CD"#äÛ 

<8> CD"#�å 

<9> æIÙ�ÔÕææççèè 

<10> éêëì 

<11> ÛÆ 

<12> checksum(íî") 

<CR><LF> &ï" 

s�à���3/u�$GNRMC,<1>,<2>,<3>, 

<4>,<5>,<6>,<7>,<8>,<9>,<10>,<11>,<12><CR><LF>)


��»Ü	�þ	�ò)©F>�>�Ú5L	�)

øð��?F! 

3.4  LMNOP 

Ü����C�r� V4L2 ÇG5£)ÇG&G

5Ñ 4ÒÓ! 

 

� 4  V4L2ðv¤v 

Ôt&G5?! 

� Ö�y§1open_device()2! 

� ()µy§1init_device()2�Ñ¹�y§|})

6�$Ju V4L2 �}�Ýç$J struct 

v4l2_capabilityléÄ±|�).�Õ��u 0)

.�éÄ±|4)struct v4l2_capability ÏÐ)

i�*Õ�Â-¹�y§ÒJK�|}! 

� Þß~x¿àá1init_mmap()2�uÞß~àá

x¿)d¾Þß~ mmap à�M	îlàá¹

��Þß~Xz.©Ìn/)�{� readn/)

�¸s�ÌÑ�	�)���âÙÑ��©Ì)

ãGK	0ôõ!�T�cÓÑ�)Ò�.

� mmapn/! 

� �)�%1start_capturing()2�Y��{	�¹

�Þß~à¹�Þß~Enä *)d��¹

�rbëÎ)#� VIDIOC_STREAMON ��

¹�rbëÎ4)¹�y§��GÏ�)rb

¹���)dýrbà�¹���g¿à¹�

���¹�Þß~*! 

� Ñ�Ùrb1get_frame()2��¹�Þß~�E

4ä *ÌF�{A>g¿X�Ù¹����

¹�Þß~! 

� åÅ�%1stop_capturing()2! 
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4  012 

GK	0ôõ!WXô�6�æ�o3?�va�

¸��Z?ç[ô��Û¤¥�¸à����\Ý�6

gh!f����`U��)Ü LTE 230 MHz��`U

«¬�	snU�[\³g?Tüæ45HmñX¢â

�6õº�!f��«¬�)�Æ6G>VWUØu

ì�¹±�«¬Í�ÚÛNqF)XÝP��U«¬

Q�b�âäb)��À$ªUØ�s�±²! 

����� 

[1] ñòó. �ô ARM Y�Qõö÷ø&'Y�/±ù�[D]. �ú:

ûwu¯Nü, 2011. 

[2] jýþ, v�. Àå¯�efY LTE|�����F`[J]. |�

Ã±c��, 2015, 13(4): 6-10. 

[3] ��, ²�	. �ô Qt Y
¦Ô��¿ÀYF`��2[J]. u¯

��/¨©, 2016, 29(1): 101-102.
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TD-LTE
��������������  

QRS
1

TU

2

VWX

1

YZ

2
 

�1. ��2034%56789:;����67 <= 230088� 

2. ��67��>6?���2@02����67 >6 237000/ 

�&&��|§Î<Ï}~�ÐÑwÒÓ TD-LTEÔÕ&ÖÓ 1.8 GHz× 230 MHz�{&Ø| TD-LTE��¬

<ÙÚÏ��4?@&"ÛÜÝÞßbR�ÐàáUV;âL|Î�'�Ðãäx×Ûåxw!æl&çè

éê° TD-LTE �ÐàáUV&Æ7ëì| TD-LTE ��¬Ï��JíUV;îj&ïð7äñ|§Î<

LTE �ÐÌòóô�õC&ö¡7| TD-LTE }~�ÐÌò�W÷ø?×(Ó�ù&Jí'}~�ÐÌò@ú

<�ûüUV×ÒÓ�ýþÌòÔÕ�§7��e�;<��|�ÐÌòýþÔÕ4?@&��'xÞ'|

}~���	xiX×���§kÁ; 

����|}~��yKPIy�ÐÌòyø? 

 

1  �� 

��UVgµ[1]�ÍÜÚ/Yn¾Ä�UVðÄ

��rb?��2ò)34èéUV¾Ä����ì)

d½�»Ü
�6��
�y§�Û�#(L/0G

	.UVUàè�¾ÄØÙ).�XUVZ_©Fè

�Ýê! 

2016ë2018�)��Ä¸2ì<�NU��`U

(5³´õhÕy×t)AÕUV�r� TD-LTE

/0).� 1.8 GHz� 230 MHz�	[2-3])UVgµ×

ty?�øí5!¡¢+ �U����`U�³´

µ]ÝÕy)øZUVgµ×tÜ��î¸�ãv¶

£?c�¾ÄcF|uâ!4ï+U>^[}@6

�]Ý 230 MHz�	UVÕy)�� 230 MHz�	

���\)�UVyjær��/0í³� LTE/0

X��pð[3]!��)»}�U�lÄ��6¼?Ä

��r���hí�	Ä¸����¸à�u���

hcdN�)ñd¾½¯WXu±§UVgµne

�>��u6õ[4-5])ã���Ä¸ûòÏÐæÄ¸�

��h�6pð\)·¸N}'vr��óÅ�7�

�ôH! 

,-��Ä¸�P~��UVgµ×t³�N

&�)ô�Õ"�<õ�?³�³��ÅÍ·��

��`UUVgµ×t��N!²ã#°Uv+��

Ä¸fLTEUVgµ���>�)öFU��TD-LTE

��UVgµ�÷&G�gµne)âhÜ��UV

gµ*¿f�ÛB&'�r���¥gµ/0ðÄU

8Ï2ò)[XÝÍ·��î¸�N��`UUVg

µ×t! 

2  IJKLMNOH
KLPQ 

2.1  [\]^_`a$ 

Ã��ª�Í��NUVgµ×t��÷*+

���)Ã��ª5?! 

ø Âj�?ùÊU?�DU?�~ULy§wx

 Qy§ú<Y¾lUE4�ûü?KPI cý

?�l¸à�þY�4)DÜÒ�Î&'>2

ò?ôõ���UV�ìmß�lôõÏóN

U³ 4��2~�UVBôÍ³?�l~�

*¸àh��?��&�X6#( iµ)

5�{j�Ò[\r~6�Q�»}�� 6

&�o�)«¬L! 

ø f��·xðÄX,��/0õ�15QP

²Q|}õ�?��6�#(õ�L2)fõ�

'±4)À�æ���UVgµ×t! 

2.2  ]^b� 

Ïqo ��î¸æ�	¾½¯UVgµ>�)

����`UUVgµ��÷&G5Ñ 1ÒÓ! 

ø UVgµ�þsà#>�þ��UVgµ��

ò4)�@�#>�þø&�6�æ¸à��
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*+�#í�T!��¸à�þ�Î&'2

òlUE���bZâl���`Uyjã

ª)U���UV[\*+l�yj?Õy 

#>�þ©FUV6�	�lAd2òUV

�Û��íyj�Û6��¸l�j�æ«

¬ KPI! 

ø UVgµ�þ�Ngµ-�§)�N����

rbd��gµn�!���Nôõ×W!�

�§lí¸à�þ�¸àQ��ìl�N�

� DTôõ[6]æ CQTôõ[7-8]l@�#>�þÜ

rb��ðÄ2ò)��UVgµn�d�§

#>�þ! 

ø UVgµ�þ�Nn�Tü?Xô�Ýóö÷)

#>�þðÄ�?�	!���Nn�Tü?

ÜÒgµ~��NXôdö÷(U�èélí

¸à�þ�T¸à
X*+lgµÝóö÷l

#>�þðÄUE KPI6��æZâ�	! 

3  IJKLR4
STUV 

3.1  89cdefg;�h:� 

UVgµ-��§�×W!���S�?o�/

�?JK LTE �HôÀªæ2òÀª?JK LTE

�	���y§[9]?GPS �Úy§?�åPÑ?JK

LTE�`¸ôõ«¬1�Í�?SIM}2æç[y§

1USB Hub?SÊ�i�2L! 

3.2  ijklm[\no 

����`UUVgµ�)��rbn/æUV

Í³�Å_��?Ð.n/�Â-UV�yjZâ

��ÛãªlOMC�\}�j���¸à�j	�?

MR	�[10]l��ôõ���DT?CQTôõ?��2

òl¸à�þ��Î	�l	Î2ò!Ü Uu �?

S1-MME�æ S1-U������[11]! 

����`UUVÍ³�2u[\$Í³?��

bÍ³?ðÛûªÍ³?[§\Í³[12]!W)B� 1! 

 

� 1  |������..¤v 

� 1  (2,-3456 

�� ���,N� ���, ��ÄÅ�Ô 

1 ef��, RSRP�SINR�Ec/Io�Tx_POWER�IBLERp �/« �OMC�MR�DT(��CQT(� 

2 ä��, OÜ����ì���ä� OMC�&'(� 

3 ��  �, É¦!"�#��$%!"p OMC�¯��&'� 

4 0(8�, )*���+[���,��+[� 	/ÆÇ 
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�F������~Uy§¾Äb=11−1�~Uy

§´Ö��8�/1�~Uy§8�×¾Ä�8222×100%)

j�y§¾Äb=11−1j��y§´Öy§��8

�/1j��y§8�×¾Ä�8222×100%)y§¾

Äb[tu�¤´J0y§ �¨Âb�ÍÓ)Í³

N��� 100%[13]!r~���MlÄsnabÕD

N�� 9.6 kbit/s[14]! 

4  KLWX
�YZ 

UVgµ�2uª�gµ?cûgµ?vU

gµ! 

4.1  pq]^ 

Q���Y¾4�"�ðÄª�gµ)ª�gµ

�r�/0G	DÜª{j���Û�Í�ðÄ#

(!ª�gµ�xÊ��³g���?CQTæDTô

õ?\}�jÍ³gµL!ª�gµ&G5Ñ 2ÒÓ! 

 

� 2  -,�.¤v 

4.2  rG]^ 

f×GTü»G*)j��÷u2ì<94��!

Â��j�c[\~�x�j�v���4)�[�

ÜR�j�cðÄcûgµ!cûgµ�/0G	

DÜO~UV�r~�¥?$%C#?r~Ê�ðÄ

gµ!cûgµ�xÊ��g2j�c?��ôõ

H�?��Hô?��2òæ��UVgµ#(L!

cûgµ5Ñ 3ÒÓ! 

4.3  s[]^ 

ÒX�j�v���½'±v��cûgµ4)

ðÄvUVgµ!vUgµ�xÊ�&Gícûgµ

$R)N���vUgµ�·Y6d�âv�\&

'������!vUgµ�T[ OMC æ6��

2ò/0ðÄUV#(! 

5  [\KL�� 

5.1  tu]^ 

112�	0æ�[\ 

T�×G*)[}@4��	0æ�[\&')

����P?� ÷v?�!"?#�?P?S� 

P?�?]6ÕKs[15]LP~Ê�4�!���/

0G	5?! 

�UV[\·)DÜ$4[\~�?�P?

� ÷vLmß��[\~�[rÌQ��h?*%

�6�?�)µj�?&j�?��IFL'ü«(

[\·lÜ��!"?#�?P?S� P?�?

]6ÕKsx�L	0[\)~)[�»QÕ�x2

�
�?*+�¢?��Í�Ln�Å��l��Í

�¨]Å�=[\~�lÞw RS |b�=[\lI

²j�[\�=�Û6�5 TTI bundling?I²2b

´/?JK PDCCH |b2�Ll�»qF#(Í�

nÚ)���[\! 

�F����)f��ûU?,~T��M-�

50%UVZ_�ª?)f A+?A$P~³g,³[\

~�x��UV8)[\b��� RSRP.−115 dBm

½ RS SINR.−3 dB�ÚÛN�� 95/)f B?C$

P~N�� 90/)¸à«¬ 99%��î[snUV! 

 

� 3  .°�. 
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122É~[\ 

�ðÄÉ~�hI:(²)�Â��Í�]>l

�6�h?01)UàC�[\�,�)É~Èâ�

h�õÁY¥601Í�l�T�h�6õ	0|b)

�Â��|bC�[\lDÜ2�?3v~��[\

j�qF#(nÚ)VW£¶r}Ý�! 

132��ßàr~ 

Â4���ßàr~ ��ßàr~Y¥»��

X�P~)��»[\#(�=�ßàr~1 45

�r~2	0=>)6���ßàr~1 F5�r

~2	0=>l�Þw�ßàr~ RSRP|b���

&,r~ RSRP|bl�e�»[\gµ�)��»

��j� 78j�)Þ]UV\}! 

142l??Ä[\&' 

Ü�l?Ä[\ñÆ��*+)�ú9��?Ä

[\)9��lÄ[\&'!Ü�lÄ[\��*+)

�rÌ�ÔlÄ$%èé?��:�?#(Í�?0

1�n�1L'ü!Ü�?Ä[\��*+)6%�

[\&'gµ/0 ��?Ä	� PBCH?PDSCH?

PDCCâDú�! 

5.2  vw]^ 

112Ux$%&' 

ôõ»G*)*�� RSRP æ SINR ñp)��

�[\&')r�+ 5.1 $�/0G	!* RSRP Ú

Ûã SINR p)�u$%&')[rÌ5?gµ/0

G	�ðÄ RF [\gµ)qFC�;~[\·)

����Ux$%l|b6�C�lðÄ PCIqF³

g)VWMOD3/MOD30$%[16]l,~gµl��y

§ ICIC��$%f��\! 

122U�$%&' 

5��<=ðÛ»]~�)�æ��Ú$%_)

Ü�e$%_����EF�Ù@ðÄ>�)��$

%_�rÌgm^ 	î��G	��!DÜo{ª

Ú©F���?11.8 GHz�	2)�����EF�

Ù@©Ì��ªÚ��??��ÚÛæ��|bL	

�)f³g��í���	.�ªÚðÄC#)�»

uh��gm~?����|bæ#(×G6�LG

	)µÅ&tî$%)���õÁðÐ
�l?Ä�

@�����&')VW£¶j�î$%!DÜ 1.8 GHz

�?í��æ�	î¿f$%AÈ)³g�9ö÷�

���5�)df��TüL%³g ðÄ!�

2�hTü44¿f$%�)��»#(?0?nÚ

L×GG	�Ô ��$%)54�eC�$%fÊ

B·x)�ãäCr�! 

5.3  xy]^ 

6õãD[17]Ü��UV�¥&GøU°ñ)

TD-LTE�¥AN���ìur~ØÙ²i¼£¶UE

�¥)4Xì({UV£ÊyE¼. UE�¥�*+)

*+iFX{! 

�¥�ÍÂ�Mf��ØÙ?)uUgç���

����)�M��{ßàr~1Ê�2�¥à��

{ßàr~1Ê�2�»G!*�MN}æ��¥

à	0=�r~)@·¸$%��?��b��)

:áQ�)�õÁ��Ì�,~l*f,~��

��e�n��,~)�ðÄ,~öFdÓÔ¬

,~l�Ü�¥6�ðÄgµ#()VW�¥�

¶»F?»G! 

5.4  z{]^ 

Ü�UVZ_N��r~)�rÌr~2Æ?Ê

�kÊL/0G	ðÄgµlÜ�]�M�r~)�

rÌ��gµqFC�[\·)±O~�[õÁ�

!QÕj���UVÊ�l]£Hr~�qF#(6

�?��£HyE?r� PDCCH ���ÓeL/0

G	ðÄgµ[18]l�ªIJ�*+?)�õÁY¥]

\}y§)��[JK�M�l�ðÄr~â�g9

x#()��]£Hr~��xr~â�g9x)�

��£H,~��îr~â�g9x)K�Mâ�L

hà�£H�ð�r~! 

5.5  |}~�]^ 

Â4�6v�¸àQ�&')��UV�ì·¸

�[}\ë]lÂ4�{�«¬Q�)�C�¸à�

þðÄAI!*uUV�ìmß)rÌ�/0G	�

�A��`UUEûüd�y§´Ö)��ðÛ

�æ�?FlAÍ�M�yÛ��¿f&'lA

Q�¸àh·x��¿f$%&')*¿f$%)

�6õ+ 5.2 $ðÄgµlAj���â6�)

*¿f&')�æ�(²lA��¿f,~&')

*¿f&')�6õ+ 5.3 $ðÄgµlAQ�b

]�«¬Ò?ÚÛ��¿fNOL&')�6õ+ 5.4$

ðÄgµlA��¿fP\´Öd�æ�?F!#

(r~?è6sn�M)VW]£H*+?·¸«¬

sn°Q)�F����)Â¸àRS�)�1��

�¸àg9xðÄ6�yÛ1B� 22)�gâ¸à

g9sn! 
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� 2  789!:;3< 

�/� ¯��0 

1 ��� 1�12Ö�3-45��p� 

2 ��� 2�1@|6b.7p� 

3 ��� 3�1�445���8|9���Ô|Pp� 

4 Ë:� 

5 ÆÇ1;��121¯�p� 

6 <=�1>���?p� 

 

6  012 

����`UUVgµ��{85�»G)èT

U�UV�N�v»G)TD-LTE UVtuV���

¸à«¬�è4�WX�snG	)UVgµ×t�

ZY¸s�
à��î¸ãv¶£!f�NUVgµ

-)�øZUVgµ�§æ��rb×t)�» OMC?

��ôõ�æ¸à�þ�ÎLG	��&')�[\?

$%?�¥?Ê�?Q� 5{nv¢G)rÌXDÜ

\�UVgµ/0G	)[�66ÞwUVgµ��

�Ýb!  

����� 

[1] @AB, EòC, EDE. �ôW(Y TD�LTE ��.�F[J]. 

�G|H��, 2015, 38(9): 12-15.  

[2] ]I��|J£KLM. u¯�Ã.�NôO�]I|���

P2|�45Q��	��YRS[Z]. wx: u¯�Ã.�, 

2017. 

[3] TU, VWB, XNA. TD-LTE|��� 230 MHz± 1.8 GHzYF

`[J]. � , 2015, 36(12): 83-88.  

[4] HY, Z][, \], p. TD-LTE 230����^_`|�cY

�2[J]. ab|�, 2018 , 37(5): 16-21.  

[5] cW. LTE����.��dF[J]. |��, 2015(8): 233-234.  

[6] efg, hiG, jk�. TD-LTE ��.lm[J]. |��, 

2012(7): 52-54.   

[7] ino. PHS �	 DT (���pq[J]. r�stuv, 2007(2): 

52-54.  

[8] wxy. �ô GSM �Y CQT z{(��	Y�/±ù�[D]. 

|}~: |}~uvNü, 2002.  

[9] HY�. U$��½^ LTE �4���.\Y+2[C]//2013 è

LTE ���FmM, 2013 è 8 ç 22 æ, \], wx. [S.l:s.n.], 

2013. 

[10] ��. (ìv�^ TD-LTE ����.\Y�2[J]. #bc, 

2014(8): 30-33.  

[11] �ò�, ���, �«ü, p. ����G LTE ��.(�S�

—LTE �\É�Q(½[J]. |���, 2013, 2(2): 61-65.  

[12] ���, ���, ���. LTE ����.N�8ö�,F [̀J]. {

|�/��, 2014(4): 83-86.  

[13] ]IöP�. |�c+[J£4v[Z]. wx: ]IöP�, 2013.  

[14] ]I|���. ]I|��J�2017�931 �«, |�����4

��/��u�[Z]. wx: ]I|���, 2017.  

[15] ���, V�, � . E¡¢£ LTE ��.¤¥F`[J]. #bc

, 2016(15): 59-63. 

[16] �¦§, H¨, ©�h. TD-LTE��.N�ª«YF`[J]. |

uv��±,-., 2015, 28(1): 57-61.  
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[1] V´. µÆÇ\*�± SDN[M]. wx: ©®u¯}~�, 2018. 

[2] ¶·¸. VxLAN���[J]. r�¹s, 2015(4): 15-16. 

[3] ²º». U¼½µ/¨¾¿* Overlay À%.�F`[J]. �ÁÂ

Ã5Nüüv, 2014, 43(6): 729-738. 
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��ðÄ�Ü)5ó5�r�u9�y��)�.É

Ê��4uü	0)�« 1 s 4²i@Ay§ÄËn

�)W)GÏ5?! 

#include <reg52.h> //51�ãª 

#include <..\CONFIG\QXA51.h>//QX-A51 

 unsigned char pwm_left_val = 100;//¿�ú-	

�� Ì�· 0~170)0è` 

unsigned char pwm_right_val = 100;//À�ú-	

��Ì�· 0~170)0è` 

unsigned char pwm_t;//´5 

 

void delay(unsigned int z)//Ì¶x�« 

{ 

 unsigned int x,y; 

 for(x = z; x > 0; x--) 

  for(y = 114; y > 0 ; y--); 

}  

/*@Ay§-ð*/ 

void forward() 

{ 

 left_motor_go; //¿�ú-ð 

 right_motor_go; //À�ú-ð 

} 

/*@Ay§¿�*/ 

void left_run() 

{ 

 left_motor_stops; //¿�úåÅ 

 right_motor_go; //À�ú-ð  

} 

/*@Ay§À�*/ 

void right_run() 

{ 

 right_motor_stops;//À�úåÅ 

 left_motor_go;    //¿�ú-ð 

} 

 

//��� 0*O 

void timer0() interrupt 1 

{ 

 pwm_t++;//´5j�� 1 

 if(pwm_t == 255) 

  pwm_t = EN1 = EN2 = 0; 

 if(pwm_left_val == pwm_t)//¿�ú-	�  

  EN1 = 1;   

 if(pwm_right_val == pwm_t)//À�ú-	� 

  EN2 = 1;     

} 

void main() 

{ 

 for(;;) //ÍØy 

 { 

  if(key_s2 == 0)//Aô S2L¥���L? 

  { 

   delay(5); //Àª�Î 

   if(key_s2 == 0)//9Aô S2���L? 

   { 

    while(!key_s2);//ÏGAô 

    beep = 0; //.}X_ÉÊ� 

    delay(200);//200 ms�« 

    beep = 1; //�YX_ÉÊ� 

    break;  //ï4 FORÍØy 

   } 

  } 

 } 

 delay(1000);//�« 1 s 

 TMOD |= 0x02;//8Ú��âä´i 

 TH0 = 220; 

 TL0 = 220;//11.059 2 MHz¢Ð?-	�è6�

�� 256)E4 100 Hz 

 TR0 = 1;//����� 0 

 ET0 = 1;//IJ��� 0*O 

 EA = 1;//8*OIJ 

 while(1) 

 { 

  //u 0)��àÖÑslu 1)ÒX��àÖ

Ñs 

  if(left_led2 == 1 && right_led2 == 1)//¿Àñ

Ò��àÖÑs 

  { 

   forward();//-ð 

  } 

  if(left_led2 == 1 && right_led2 == 0)//@Ay

§Àn��àÖÑs)�¿��ðÄÒV 

  { 
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   left_run();//¿� 

  } 

  if(left_led2 == 0 && right_led2 == 1)//@Ay

§¿n��àÖÑs)�À��ðÄÒV 

  { 

   right_run();//À� 

  }   

   

 } 

} 

5.2  p��;�£¤¥ 

GÏÄ���ý�GÏ>ÇÈ?F4�Êàj

Óú*)KjÓúéÄÇü�GÏ)ªOúGÏÄ

�����Ê.hex ãª)¿ËfªOú*)�ú�

}T�Òü�GÏ)äªPV)ªOúéÄGÏ�

»G��GÏÄ�!ÁªíGÏñ�§Z]4)?

�{�¥�Ó��¾ÒüGÏÄüàªOúx)²

ã���� STC>^�ªOú)Ä�ÀªÀ��>

^¶£�êu stc-isp�Àª)��{A>�ÝÞ.

��ÄüÀª! 

¾� ^sà�l)�» stc-ispýA>ÇÈZ

�GÏÄ�ð�!stc-ispÀª�¾Ä5Ñ 8ÒÓ! 

6  012 

¡¢�U»}µµ��NO�`)Ü���£¸

íØ×»}�Ïq� NOÞ]!f�Ô���µ

�N*)�{+ ý�N��n��fU×¸nv)

¼�f¡¢�$/0�k|�ð)õ� é��ý,

¡Y�UÚÛ¶¿*!fÂÃ ITÄ¸]a�N�6y

z?)�¡¢ªOú/0�NO'¨)���VÖu

�~ô~��
 w¶s�)£nIÛ�Õ�¹�

*!²ã�¡�i����@AVÖ/0���qF

���!¼¾����i��*�@Ay§)À��

U»}µ�NN[¨®���2! 

����� 

[1] ñ�Î, Ïõh, �ÐÑ. �ô 51-Ò©YpÓ/¨Ô�/[J]. h

o, 2013(32). 

[2] �.Õ, Ö×, N�, p. -Ò©Ø0/¨©±É���[M]. wx: 

|Hu¯}~�, 2015: 1. 

[3] Z+�, ÙÚ. 
¦Ô��^ÛÜ©®���	\Y�2[J]. r�

¹suv, 2007(25): 38-39. 

[4] XÝ , EÞß . d�-Ò©Gàávâãä [J]. r��¯I , 

2013(14): 65. 

[5] å:z. -Ò©�2��æð[M]. wx: wxç�ç�Nü}~

�, 2002. 
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[1] McKinsey Global Institute. Big data: the next frontier for innovation, 

competition, and productivity[R]. 2011. 

[2] \]|©uvüMÃ.�KM. \]|�NÆÇGàñòó[R]. 

2013.
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[1] ARM. Cortex-M4 integration and implementation manual[R]. 2010. 

[2] ]I|���. @|�^�øù[b/�(2015-2020è) [R]. 2016. 
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µ��$ÕK»}µn�ÌFU��ðN)ãÂ-Õ

yld¿f�
�]î	�«�\p?Á~¨©XÝ

C�EFLo.&'!õÁà»¼Á~��N-��

�Äyz?4��&')²ã�»2òs«U/0f

»¼Á~*���)�»}*x?»}ãµ?»}Õ

�?»}ÉÊ?»}s¸ 5nv�¡�Å¸à³gn

�)u»¼Á~ÕyÞ�QôH!  

2  n���N}e�
N}r� 

2.1  R���«¬ 

»¼Á~�Á~�»}µ�	�µ)��~�°

�Ø×»}?s«U?��t«U?ºjÓ�6��

�ò/0)¾ØÙ?y§?Á~1�Ø?s?�2�

ÒX	�vv�òt«!èN�X°�]�Á~YZ

PEFØÙ?S�?y§?ÕK)YX°�p[×¸

Á~?¯¸ÉÊL�ÒÞ]ßà¤�?Þw×tÝb

�æ��EF�q)uRS�ÒÞ�³�µ&G?o

ZEFn/�æ���/0}�J�! 

»¼Á~�âØ?î¸?Á~;n�
�C#�

ú9)Á~=#�Øu²)�Ø�� tu1²4�

h!Á~x�ÕyÙñM�yg)��Á~xØÙ�

¶¿¤�l�<)�»�ò/0)Á~xT�Ø? s

&�	��vv�òít«)É±»}�Þf	�_)

T�Þf	�]î��Ë^s)C�«�l��)Á

~É±�WXKïPQ�N�x¶����)u��

��#$?gµ�'¨Þ���))ðU�x¶�N

í��EF! 

2.2  R����·`��� 

�+�Á~>�U 4{�Ns	��ªÌ¶£�

ÍÎ/×¸Á~à�>�?]Q/0u��£¸Á~)

àò�>�?]õ//0?Z>·��°�£¸Á)

9à5Ã�j�s«U?ºjÓL/0�»¼Á~)

Á~�EF/0?PQ}�LNOÞ]!Ïá,-)

�+A>É±U�¸Vu�?*Ð�uç��»¼Á

~Úk6��yÑV?8;1�Ò;1P~A±uv

+»¼Á~Õy�;6]b~! 

,-)�+�»¼Á~L%¶£�\[2u 4$!

+�$ußàJ»¼~)��>pÁ~?��Á~?

s&Á~?¯¸Á~Ll+�$u¶£J»¼Á~)
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��×¸Á~?�×Á~Ll+;$uãµJ»¼Á

~)��ãµP�Á~?]®Á~?12jPLl+

�$u��$J»¼Á~)�Íce?µ×LÄ¸

�¶£?°�jPL!N�$J�»¼Á~u�{Ä

¸Þ�Q��Núr)uÁ~>½��nLî¸^Å

�6�>�Ýê)]�g�£¸a�É±! 

2.3  R���;���5 

¡¢+x»¼uLÕy�Ó�NO�`)7*�

�+àØÀY��â»¼Á~��N!2012��Å)

+ A£�o7Mí)]�»¼Á~�Õy)B� 1! 

3  ��I��&n���*�� 

3.1   ��[ÊË 

s«U1internet of things2��èF� 1999��

¥+ MIT Þ4)�Í¦� RFID1radio frequency 

identification2/0�y§)Lª���	CDít«

UÏq).s¤	�T�»}µ���EF)T�s

¤	�t«?[Õ¥�9V¼É±�UV! 

¡¢UV/0NO�N)j����	UÅ��

s«U¸à��A>±u¸�9�)f�jkl�U

V£Ð�¯¸´/Nã[�¦��	Uk6s«U�

�·)¼½[�³VUVYZAÈ! 

3.2  ��[ÊËmR��� 

»¼Á~��ûs«U���bq)f»¼Á~�

Õy*)s«Uu�Þ�U/0JK�jkyüyjn

�!�»ujkyüÔ}�Õyn/)Ö¹�1Á~)

2ÕU)1I:)N����»¼Á~�N´/)5Ñ 1

ÒÓ)âh]0�Ø?s?�����rb?¿Ë?

2ò)K»}��P¹Yoº�! 

4  n����E����}� 

»¼Á~�³g���znvxÊ���j

kyü³g)��Á~¸à³g!�*)jkyü

Õy�`¸�×Gyj>^ùg)�»Ü=>~?

Ö×~?¶£Sî?ØË~�Õy)T�|}2~

qFµ�y§C���µ!Á~¸à³g�`¸	

�>^ùs)�»Ö¹»}*x?»}ãµ?»}

Õ�?»}ÉÊ?»}s¸L¸à)T�Á~¾½

�þµæÁ~EF»}µ!²ã¾�·¤Á~¸

à³gN�! 

� 1  >?@ABCDEF 

ÒÓ 0R 

2012è 11ç ³Y[\]N^¤}ûÀ^��0Oµ�MÙõ_`a�õ_bÜ^�c]I`a.Gà²v\Yd�æe 

2013è 1ç f^�^wxg.�^]Iõ_`a��uhMÙ<\ijbÜ^�Ù1gku¯bÜ�+8lûm.GÜ�ã¸E�õ

_.bÜp 

2014è 3ç n]I�0`o.4�p\�R	�õ_.`a^��	�õ_.YÃ����0YÃq¼�S¯Gàå�G.Â0p

�È 

[\r ÎÓ õ_bÜ��ô[�s�W^/�Ù	b�s�WYrFVhÙ�^ìVùtd�F`\*��]u���¯\*�S¯V

h\*��S�v.\*p 
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4.1  R=�� 

u¶2U�Á~¾ÄfgG>)T�ÜÁ~1�

=>~?Ö×~?ØË~L28)¾ÄÍ³BC�ð

ÛuüEF)�Õy»}*x)°�D�U��	

U�b%�?}q?Ø&?åS�æy§uüL	�)

ÜÁ~¾½fg>��ðÄ2ò!Á~fgÍ³Ó�

Ñ5Ñ 2ÒÓ! 

õ[ e:;�o*���t����t����t�v

8k���¸^Xo*��I�� : 

4.2  R=0ö 

uUvvÞwÁ~ãvEF¦I)��>mÜ	�

ãv�� )sä-Õy»}ãµ)�NbØÙ4nE

F?ØÙ�ÚEF?âh~�Bô?Á~vviYEF

�bc#>��)�»}ãµEF)
!)
�»ØÙ

��íþ�ßà?ØÙ��í�Úßà?v�¹�BC

ßàíú�Ø·Ûí@YßàgÖÁ~ãv! 

4.2.1  BC8DEFG 

D����EF)
¨©ØÙ�����)¿fz

oãvPy!+�)NeØÙ[}.�_�çªðnÁ

~)èéÁ~ÚÛ¾t)¼Âû´�¶��e�»çª

�ÚàØ)���î���>l+�)�X���³�

�>r�Ø×Gü�n/)�»Ú�ZâðÄg¿)N�

Ê�Û°À��U3��î±²l+;)N����

þÜN�)¼�(�6½NWX³\)èé�U}�

500=�î¸Éxl+�)�XçªÒX��ØÙ�%O)

����çªl����²Ø)¿f��.��Øçª�

Pyl+ê)Ø×³��Ýb�)�6UãgØÙ�×

t�)èé×tð>)Ê�¹±���þ�N�)m�Ù

×ßk!j��lõ�)Õyj�ØÙ�����íþ

��>)dÝÞ���£¸Á~?=>jP?;ÝjP?

ÕKÉÊL�Ò�ÞwãµEF�Ì��! 

uUYZP�qØÙ��íþ�ßà)�]4Ø

Ù��
�dÝÞ���Á~þ�?åS�æP?S

�?ÉÊx�æ»�?`�=>~�L���³��

�Ò)5Ñ 3ÒÓ!�»î¸��EF4:T�ÜØ

ÙÅ�¸à�BC?��?�ì?Þº?m·?uª)

u4nEFgÞmÛ! 

4.2.2  HIJK8LM 

¡¢Á~�ð���Nk6)ØÙ&�ab�`)

D��ØÙ¿�EFn/AN}��»¼Á~�EF

� !�nv)Ø×EF�eXÝ�b?FØÙ¿�

��)�eT�ÜÁ~xØ&?S&�XÝ2ò�u

ô)�¹±ãvPy!��nv)@YEF?��E

F?��EFL¸à���6�Ø�s�)�å


����[kN\&Üp)¾½±²�Hm±²8

5?�ß]N?��v!uUT�Ü»¼Á~x@Y?

��?s&?@DLo{���b*/?T�\BC)

�T[s«U/0)ÐÕ�)µ?b*µ?»}µ

��ÚEF
�!ú9)��ðÄ³��)@©Fx

Û RFID ³��þ�})���vGàÊ�y§)�

gÖÁ~Ü��Ú�Tü��lÂ��fÁ~xðÄ

¿��)�Ú
�����[��d2òW)�ØÙ
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¿�l4:��ÚíáÜ��EFI:�»ØÙ¿�

2ò)ÏqØÙZâ�ðÄØÙðÛ*+uü! 

,-)AX`¸	�µ>^�û&�°�×t)

�)°���£M RFID³��«¬y§)Þ� RFID

v<��n�)��Á~fy§âhEF?ØÙ�Ú

���EFL� )T�f"C~�?��~�ðÄ

�4?�n�EF��üL|})5Ñ 4?Ñ 5ÒÓ! 

4.2.3  N:OPQR 

¡¢õ/��N)BC/0��Øã+Ø�¦�

»äà�ú�ã+Øã�¦�),-A>�Ná�ú

�ã+ú��¦�!D���»ú�ã+Øãåí

�BC
�"àØÙBC¦I?�)ØÙ�qO�

���)c�\pl��)����e��2ò)

¨©Ü]���ûª?��ûª`aæ����}

�)�6UBC
�+æ!f�÷�?)v
¹�

BCßà�¾¼¶�ú9)
�ÜÁ~ðÄ 7ç24 h

�vÍ�BC)�èØÙ��f
�ûü�ðÄ

��)66���èØÙ�×t£g!�<)v


¹�BC[��Øã�e2¼�¹&iµ)��F

5�?�¡�L*+?�n�Äu���)X°�

ÜÁ~�vvBCl��)v
¹�BC4[Aô

��úðÛØÙ)Â¹��O�?��ú�lY 

��u���)ñ@�Îà4:
�)��UØu

lY�AÈlè4)Ü�.ãvûª)5��iµ?

ØÙ��L���2òuü)ÀKÁ~�ãv
�

F�gÖ!Ãl)v�¹�BCÜT�Á~ÉÊ?
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×w?yz?y§?ØÙ?Õ�×W�vnÚBC

�Û)T�`
�ÃqBE?vÍ�Bôuü?»

}µ��Í�u�~��»}ãµ��5£Xâ

�7! 

»}BC
�[�°�]ù���?ØÙ8�?

����L/0)T�Á~ÉÊ?×w?yz?y§?

ØÙ?Õ�×W�vnÚ»}µBCEF)�`
�

ÃqBE?vÍ�Bôuü?»}µ��Í�u�~

��»}ãµ��)5Ñ 6ÒÓ! 

 

� 6  õöQ�+h�� 

4.2.4  �STUHVW8XY 

f»¼Á~Ü·Û�æ�>���°�b Þ

]�÷�?)D��·Ûí@YEFA�e��Á~

EF !�nv)D�·ÛEF�¦§ØÙÑ&

�3)�4�oh�*ééØÙYno?±²])

 �¨®�hm·®?ØÙ)�p��xl��nv)

D��@YEF¦§6�ãgäê�5�NÁ~@

G)̈ ©DÜây§Lmâ¤¾ÄØÙ�T�BC!

��)Ø×EF�n/�eÜÁ~x×tØÙ¿��

�ðÄ'(��b2ò)�eT�Á~xØ&?S&

�»}H�gµL«(ßà!íD�·Û@Y¸à&

�)ãg»}ú�Ø[�T�ØÙ��í��?»}

uü)dÏq¹�BC
�T�ÜÁ~ãv�ðÛû

ªEF!»}�ëú�ØfÁ~þ�æâ~�Þ�

¸à<Ñ?m·Ù�?��t�L»}ßàl»}ã

gú�ØT[D��»}H�m·)T� 24 h��@

Y)Â�¶~�n�?s¤ì°Lãvûª�@��

�4uü! 

»}ú�ØWX»¼Õt|})[���NØÙ

��?����?GË��?m·Ù�æo�)Õt)

�»Á>��� AI ºßà)T�yzÕ´?PÑÐ

Õ?��¾�?�Ú�VÖLT���·Û|}!�

�£¤[L¸à��� ·n`¸ò��)�N�<

����)5Ñ 7?Ñ 8ÒÓ! 

4.3  R=�� 

uUf�î�	îlqF�ÛÕ�Z_)T�S

�T��Ú?S�»}#>�æØÙ`ZåS�9S

EF)�Õ"Á~Õ���6)��ºjÓ?6

��?Ø×»}L/0}�)ÜÁ~Õ�Ø+T��

�BC!�nv)»}Õ�[��íÕ�Z_)Ü4

nS�H�LðÄ³gl��nv)»}Õ�
�Ã

qõÁåS�Z_2��°�*+)66ÞwåS�

9SÝb! 

4.3.1  Z;[\8]^_` 

D��H�³g¨®ûªEF���?Fú�)
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�e��Á~xÕ�
�]Ýc�¾�� !D�

Á~H�³g���Â�Õ�ØÙ)ÜS�³g?H

�³g?4nH�³gõÁN´v)ÜH+��û

ª4��u�)·¸H�k�\Rî?Õ�N�)

��Õ�?FÝbpl��)Ü4n$h³g

p)ÜlèS�äï4n�h?ãÜyS�4n?

¾ES�?,�6ì�S�ð4��õÁN´v)

·¸Á~´5\Rî)Õ�N�!õÁàÁ~Õ�

]Ý��¾Ä�Ì\)&�ØÙ��íÁ~x�

HZ_?S�Ø+�æØÙÕ�� Lj²*+)

qFã��H?�S�î?S<?H�)Þ]Á~

xS�¾�Ýb�Õ�EFÝb! 

»}Õ�³gíZ_�íßà)u��\]í	�

9VÔÕn�)]�Á~Õ�	�>9����Õ"!

è°�ºjÓ?6��?Ø×»}L/0G	)N�T

�UÜ�HÕ��vvÃqEF)À�»�NRî��

�åS·m)T�UÜH+�Þ-uü)�ë��UQ

}_!S?�ØÞËL-¸/0��N)5Ñ 9ÒÓ! 

4.3.2  abcd8ed 

Å�åS�?£�3S�A±u(%ÆoØ�&

'!NO�S93SÚ�n/����)12N>�

ygl6JÁ~?=>~?¯$�P?åS��HX

{)ÌSq�q�12(�!uUÞ]Á~xS�¾

�Ýb�Õ�EFÝb)�ÜåSðÄvnÚm·)

���»��9Sm·S�`a3S! 

åS�þ��S´ �´`a��äÛ¾S�	

��ÎáåSº)åSº��S�4¸s�ðdf4

:'±	�]¨lS�ðn4¦§åSvnÚ·Û)

��S���9SlS�����»��¬1>m0

 ���Æ2¸s'±åS�Jµ!v»GN�Ø×
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Ôt)noä�!DÜ9S��&')S�[�»å

S�yÛ��[Ñ«¬ �M��¬ÑS´	

�)1�
���¶±�9SH��·ÛHc`a3

à�ñS�!({åS�
�xyÛ~�¹��ô�?

¹�~�C��?~�ì?
���´i?��Ñ

úLy§)¦§�HÆ+&	rGÏç[)T�({

åS9S�»}¾t)5Ñ 10?Ñ 11ÒÓ! 

4.4  R=�2 

uUÁ~RXãv?[§?ò��=>yz)�

¾�s«U?6��2òL/0ÜÕKsx�y§

ðÄ��C�)ÜÉÊÕKx�±?�ã?Ã¦?%

�L
�ðÄ»}µEF! 

4.4.1  �fQRg1 

D�y§EF�6�ØÙäêðÄy§BCE

F)v,y§?�P? ]£?]» óôL®¯y

z)Üy§AI?EF�C�^ÅÆ6(�!¼y§

��µ�EFßà�»s«U�����/0)j�

y§�WÇÆEFT�y§���j?æ��Ú�y

§�/06�?HI	����ÞÌí]¨)ë6P

Þ]Uy§EF�¾HAI×tÝbí��!�nv)

èÜy§ØÙðÄT�Bô)T��¥y§��`a

âh?ØÙ2ò�æ��Ú)N�}XÝ�jXÝZ

£)À}p[ØÙ`a�ÚÅ�y§´Ö?Þ�A

Ißàl��nv)�»Üy§¶ë´5±² ��
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�j)uy§°Û?¾H�ï6Þ�U��6õ)X

°�£¤v¶ë´5�±²2ò! 

 

� 11  õö~÷�	+h��� 

�»y§ãä RFID D��1� RFID ����]

�2)T�y§FG��âh!���»y§æ��Ú

�&�y§/06�?HI	����ÞÌí]¨)ë

6Þ]��ØÙ¾HAIÝbí��)5Ñ 12ÒÓ! 

4.4.2  �ShiRjg1 

ÉÊx�»>?õ>�%�yü¾tØ+ÜÙ×

ò�>?ÉÊ¾ÄXá�â��7!Õ"»}yz

C�)
)[��»»}��@D�º¡?	#Ly

§)T�$}e�l��1�{Ø�öðÄyzx	

#?QA?º¡L���#$)ÀX°�ÞwÙ×÷

ø�!Õ"yzBô)
)�»ù�?¡�LD��

�T�Bô)�M[T�C)YZPU�=>yz

*+!��)Â4�]»?�»?Å�?å�?	�

��iµLk�Ø+�)
�@ðÄðÛuü)YZ

P�Ük�*+! 

4.4.3  �kSlFGg1 

ÉÊ}q�6?�}~��y§2�Nyz�(

%moÁ~�&'!�»Õ"}qEF
�)ÜÉÊ

}q��ðÄT�Bô)X°���}_qF°�)

]�$}ík���)[�Á~±uM�}_Ó~! 

ÜÉÊ�$}BC��ª)?~�?vv 3n

vðÄ!ÉÊ$}BCäÛ°�9ð�D��?C�

��¹�}qBô«¬�Àª��GÏ)¾}_��

z¬y§?
�^sßÅ)É±}_t«t�)T�

f�Bôl�»°���n27j�/0)ðÄ6�

�rb?j�?�j)u�}ªÚÞ�vnÚoH>

}q2ò).�`aU�����ÏÐlæ�l�y

§ðÛ	�dTÄoy§«�C�ÃqEC)X°�

T�8)}q	��6ìíBô)5Ñ 13ÒÓ! 

 

� 13  ¢£�öQ�¯�+h��� 

4.4.4  �Smnopg1 

uUgÖÉÊãv)���µ
�?¦µ¦ð


��¶´Ö��b)�Ü�µyüæ��uüðÄ

EF!¾�6��?ºjÓ?s«U?PF	�LQ

�¦	�/0)T�Ü�X
�?y§Aô���E
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F!�nv)�»Üsù�y§��)Üú�?Xû

�)��Aô?�ü?�����µy§dí%�?

�!?þ�L
�»}«�)X°�T�ØÙãv�

²�ü�l��nv)ÐÕ[¹µ�u�EF|})

5y����H?´-����1Rý?ùþL2)

X°�u��?F?Í�#>Þ�J�! 

4.5  R=�· 

uUð�����°��X=>Z_)T�»}

@D�»}�×EFßà)�¾�»}ÉÊC�y

§)T���=>
��t«t�! 

4.5.1  �Sqrg1 

»}@Dßà�»����í�d�2?F/

0)ÝÞ���@D��§?��?Ïî 3{y$)

T�T�@D��í�ÂZÈ!f@D�§s	)�


�[1�@DuªÞ-��@D�	#?ºE�=

>y§)df@DÏî����Y&�y§)Þ]@

DÝb)��ìØu�j¼¹±�}_o�!f@D

ðÄ�)�»ºYìT�`P�?`�~?oìíT

�Üs)T�@DI�[��dÜ��Ã6@Ø)T

��Â��DÈ)K@D]Ý¾Ä)5Ñ 14ÒÓ! 

4.5.2  �Sstg1 

»}�×ßàÏq»}þ�í»}ÉÊ/0Ö¹

»}��EF)d�»6��2òís«U/0T�

�Ø����n�)�)Ö¹ëá5��p�Q)�!

�M�»�Ù�n/ðn��)�	�Lx[¸s�

�Ì}n�)({»G��-:Ø×ßà!f�îþ

��)�M�Ù�þ)d[¡��» AI ��E C

��îº¡?��? �Ly§)��E 4@u�

MÞ�ÚGÞº?��yÛ�ßà!Â�M���)

N9�D���&G)
�¾��	�)e®L

��î!({�×»G*)	���ât�)�¼


�U�MÜ	��Hm! 

5  012 

j�s«U�»¼Á~��ÅÁ~�N�Ìd

bË)À���î¸ðÄ»}õ�EF�Ì��!

��)¡s«U?6��?ºjÓL/0��Nu»

¼Á~�ÕyÞ�YX��/0JK�Yvv�j

kyüyjn�!�*)»}*xÜÁ~x�{��

¾ÄÍ³ðÄBCdø4ðÛuü)X°�¶2U�

Á~¾ÄfgG>l»}ãµ�»Þ�)
�»ØÙ
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� jÕ7,sZr°l 

� jÕ7,ßàr°l 

� jÕ7,r°kªiYl 

� jÕ7,sZïpl 

� jÕ7,���?�p! 

132`à&G 

� Z>Jµàál 

� uµ¨{EFl 

� �µ¨{?F��q®�l 

� �µ¨{?F�µ{ù¨l 

� �µ�g>EFl 

� ��×G±²J4EFl 

� ��r�qEFl 

� -5��¶æÏ�l 

� fÕ×GgÈEF�Yg?ínl 

� ��jÕ7,ÏÓí�Ó! 

142�¸à&Gf SAP
�*T�2ò 

Ïq SAP
�|}æ¸à� )7,´iL%³

æ´ ÔÕ7,£Ð)·n�Óær°àá)�7

,WBS1work breakdown structure)×t2�ÏÐ2

£Ðujk)f
�*T�7,�uÓC�EF?0

GsEF?sZ� EFæ7,iYEFL!sZ´

iT�sâEF?sZàáær°?��p?kªi

YL|}!`à´iT�×G7,�±²?ÔÅ¨,

æÜ��¯µ{L�Ó!fb±nv)Ïq7,£Ð

�sZ?ßàr°kª[ðÄ`à�ç[�ÓæuÓ

C�!ÕK?y§?ãä?��L WBS 2�7,�

×G±²õ,f
�*u9�Û)fsZ��pæß

àq����)@¸s¶±Ü��×G±²`à�çl

¼
���q®��;ª^�)�¾×G���s

Z��p?ßà��ª�í�qæq�ÏqßÅÈ6

^�)�X�»4A}É±�µ¨{�ç)¾×G?

sZ?`à¸àf
�*XÝPÏqßÅ! 

4  �������    

��tLÒ�)f SAP
�Tü*)²ã���

Õy7,f SAP 
�*�Sb±¸à ���?

F�¸àT�n/ðÄæç! 

4.1  NO�P 

112-5�7,£Ð 

[°×t�q�æ��.�Í��-5�7,ð

ÄEF)-5�7,�z[WBSÐ±)ú[WBSí

-5�7,Ç0�¸)+�[ WBS ¦�U�Ei�

7,[°×t)ð{ WBS ?¨s�ê�UV)��

¨s-5�ßàr°kª! 

122-5��7,�uÓ 

7,-5��uÓ
�Þ�UL�>ðÄyÛ?

2�>ðÄC��´/!Â�>jg?U4)f-5

�7,?L%�>jg?U�cEn�>-5���

�8M! 

132-5�r°kª 

[°�`'ö÷L7,-5q�f-57,£Ð

Ü��[°�`'ö÷ WBS �UV?PÕ�EFß

àr°kª!r°kª�>»�ìA}¶Ý! 

142-5�r°kªßà�� 

f�à��¯�W�s	\�q)df��×t

ð>�±ó�qq�³��)f
�*1�s	\�

qÜ-5�r°kªðÄßà��)É±�µ¨{! 

152-5�Ï� 

-5×t�¶����æ��q�ù=�þð

ÄZ²µ���µ?F!Â��7,����7,"

74)ðÄ-5�Z²µÏ�»¨?F! 

Â7,EF�þ��7,"7±|4)ú9'±

ª)×GéÄ�ÓÇ�×t)df
�*'±ª)×

GPÕ�éÄ�Ó·n×t).
�W§-5�Z²

µ��ª)d4.�-5�Ï�|})Hm-5kª

�Z²µ	�)d¾��Ïóãª?-5q�r°k

ªùªæ��ª2�¹?q�X×ªL�)ZâÞÕ
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Ã`à�þ! 

`à�þ1�7,��ÏóðÄ-5�?F��

�)Ü�7,���»�q�)f-5���I:*

ðÄ�ì)��×G7,?�¹��?>ML	�y

�}4)���Z²µ?F)df������
�

���ß-5�Z²µ�C��ç!`à�þÖ×C

��ç�¨�)�Ü�*	��}4)^���ª2

�¹?r°kª?q�	�Lª�&�àÜ��ª)

×G�ùÕªÚ! 

�ùÕªÚ�Ü¸à��f�7,?�¶)³�


�*�C��ç?FI:)A
�*�C��ç

��íC�¸à�¨�*�	��¸)f
�*ðÄ

��!  

-5�Z²µ�@j?F2�u�?Ð7! 

112>^8��¨ 

� T�jµÒ�Z>12>^¸à��2l���

�{1å>^¸à��2! 

� j�����{1jÕ-5�2! 

122å>^×G±²�b 

� T�×GÕy±²1-5×G�2! 

� j�lxjnZ>18�2! 

1322>^×G±²�b 

� T�×GÕy±²1-5×G�2 

� j����µ{18�2! 

Â��7,"7°Q4)ðÄ��µ?F)�n

Â5pê! 

Â7,EF�þ��7,"7°Q4)�'±ù=�

-5q�ÏÓ�ùF×t).�-5�ÏÓ|})Hm

-5kª���µ	�)d¾��Ïóãª?-5q�

r°kªùª?q�X×ªL�)ZâÞÕ`à�þ! 

`àZ£�1�7,��ÏóðÄ-5�?F�

��)��4�nÂ5pê)¶±`à�ç! 

f SAP
�*)u��q��þ�`à�þ9�

ðÄ-5�Ï�æ�¨R� )ðÄU-5�Ï�

|}æC�I:��=��! 

-5���µ�@j?F2�u�?Ð7! 

� T�¶£±²ëE��±²ë°ñ���ë-5

��! 

� j�����{ëjÕ-5�! 

4.2  NOBC�®Q 

112PÕª)×G7,  

f
�0PÕª)7,�)[�6õ³�7,£

ÐX�PÕ)äµ
�Ôt)1��$J7,�ÏÐ

f
�0PÕ´ ! 

PÕª)×G7,)��7,Ç0?7,ê;?

�>Z>jg�?Ei�×G7,Ç0?ê;Lj²

7,	�)��1�7,´ ��X�´ *��¹

WBSÏÐ�0GsjgUVÏÐ! 

122·n�Ó�Z£WBSù´ 

yjØ�ü'±�Ó�Z£ WBS ù´)>A

�}½��4)¾�Ó�Z£WBSù´·n
��)


�¾��PÕy§$�ÕK$�Z£ WBS ÏÐ)

¶±��UV)l¨sâ� ! 

4.3  ýþkR 

112r°kªPÕí�ì  

jÕ7,-5×t�ª)×G?U4)ßàq�

ù=Ø1�gY³Ïó�æí��¯¯��q�¹

$)f
�*6%r°àáPÕr°kª)d�ßà

q��ìØf�ì4A[ðÄßà��Ôt!ßàr

°kª���÷�ßàr°�æsZr°»G*�¶

�rg�?¾{��æð�y§Äâ�+�	¾�?

+�	gÈ�?�r?ð�¯A�?ð�¦FGï�?

?ÄGï�?+x	¾{�Ð±y§Äâ�º6)R

Sr°æ���?Fn/�ªSPÕßàr°kª! 

122ßà�� 

×G�þ1�BFn���×G�?��¯L%

b*r°ßàq�ª��WÜ��s	\�q�æT

�ßà×t'±*+)ðÄßà�����)d��

��7,T�±²! 

jÕ7,ßà���@j?F2�u�?Ð7! 

� T�×GÕy±²ë�ijÕJ4l 

� j��µ¨{ë�µu÷! 

132�q®� 

×G�þ'±ßà��4)�q�éÄªÚ�à

��¯�qdÜ�ðÄ��)íq�æ ERP
�*�

r°kª	��Ü�¸4)f
�xðÄ�qu�Ô

t)dÞÕ`à�þ)`à�þÜZâ���}4)

f�qÕsªlðÄ�þ��!`à�þØÙ�f


�xÜRÕ�qÜ��kªðÄr°kª?ßà�

�í�q^���4»¨)¶±�µ{�çdæ�q! 

jÕ7,ßàr°�q®��@j?F2�u�

?z7! 

� T��µ¨{ë�µu÷! 

� j��µ¨{1��¯2! 
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4.4  �SkR 

112r°kªPÕí�ì  

jÕ7,-5×t�ª)×G?U4)sZ ×

G`¤1�gY³Ïó�æí��¯¯��q�¹

$)f
�*6%r°àáPÕr°kª)r°kª

f>»�
 �ì4¶Ý)[u4ï���pæ`à

µ{Þ�¦�! 

r°kªPÕí�ìÜæ�
�·��±§<

äÀª�>e
�! 

r°kªÜ��q�f>e
�*&��ì'±

4)5ó�ì�»)�>�e�EF¸à
�¾�ì

Ïó?q�Ç0?q�ÝçLq�&�	�Dà SAP


�*! 

122sZ��p 

×GÕy�þfsZr°kª�ì'±4)ûò

ðÄ��)4W��ª)1�n�ª?�âª�4�

ªf
�*¸sðÄ��pÔt)Nt�¿EF)¸

s��×G±²! 

jÕ7,sZr°��p�@j?F2�u�?

7,! 

1a2�p 

� T�×GsZ! 

� j��µ¨{ë�µu÷! 

1b2�p 

� T�×GÕy±²ëjÕ×GJ4 

� j�×GsZ  

132�q®�   

×G?sZ�þÒø�sZ��p)f�à��

¯�q4)Ü�ðÄ��)íq�æ ERP
�*�r

°kª	��Ü�¸4)f
�xðÄ�qu�Ôt)

ÞÕ`à�þ)`à�þÜZâ���}4)f�q

ÕsªlðÄ�þ��!`à�þØÙ�f
�x

ÜRÕ�qÜ��kªðÄr°kª?��pªæ�

q�;ª^���4»¨)¶±�µ{�çdæ�q! 

jÕ7,sZr°�q®��@j?F2�u�

?Ð7! 

� T��µ¨{ë�µu÷l�Õr>ë�Õ�

�rëð7r! 

� j��µ¨{1��¯2!  

4.5  T�deU  

112r°àáPÕ��ì  

¶£�§�sZr°� ÒX��fyjØÞ�

��Ó�Z£ WBS ù´*)�� �þf7,£

ÐlÞ4!f�?A>'±&�àá��4)1��

 f ERP
�PÕ�ìr°àá! 

122r°kªPÕ��ì 

�&�sZr°�þ�Ä�ì4)Dn>e
�

ðÄ@�)@�'±4)>�e�EF
�¾è«�

�ìÏó�Îà SAP
�*)��³�r°kª�ì

'±! 

132sZ��píßà�� 

¾HªÚ�¶£�§�sZßàr°� ÒX�

�fyjØÞ���Ó�Z£ WBS ù´!Ü�sZ

r°)ûòðÄ��)4W��ª)1�&�ª�f


�*¸sðÄ�pÔtlÜ�ßàr°)1���

�×G�?��¯L%b*r°ßàq�ª��WÜ

��s	\�q�æT�ßà×t'±*+)ðÄß

à�����! 

4.6  PVW�   

112×G±²g�  

f�UjÕ7,�Õy»G*)�ùÕªÚ@¾

¸à��á��ªÚ?F)Â7,ðn5ø'×s	

4)��¾�7,f��ªÚA>�¶�±²g��

�ùÕªÚ�°è*~*! 

jÕ×G±²g�¨à?F5?! 

±²���ÕyªÚ�4�� 

� T�jµÒ�õ,1 lxjnõ,2l 

� j�×G±²õ,! 

±²��ùÕªÚ�n�� 

� T�×G±²õ,l 

� j�jµÒ�õ,1 lxjnõ,2! 

122��rlg  

f�UjÕ7,�Õy»G*)ð

ø7,Õ

yªÚ`à�þ1�²
�à�r°q���r�q

ðÄÒ�×G7,(�)(��»4)7,ÕyªÚ

¾��r�q�	«ÞÕ"�UW>^`à�þðÄ

��²P�ç)²P�ç��» �HÆ�q�¾

�q�	«�à+U8�`à��rà`¤ðÄ"v

�ç!�W>^�¸�ªÚ�¾²
?F���r

�	*+ðÄ2$l�! 

7,ÕyªÚ£¶�ç2�u�?z7! 

� T����µ{ëjÕZ>ë��r lxj

nZ>ëjÕZ>ë��r! 

� j��Õr�ë�Õ��rëÏ�ð7rMë.
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�Z£ð7ëjÕ×G! 

8�£¶�ç2�u�?z7! 

� T��Õr�ë�Õ��rëð7rë.�Z

£ð7ëjÕ×G! 

� j�����{ëjÕZ>ë��r jµÒ

�Z>ëjÕZ>ë��r! 

1327,
øÏÓ  

Ü��UjÕ7,�ÚÛ¸à�Ó)5Xf²ª

Ú°è*~?�»×GÕy±²õ,ðÄ�¹�¨)

��f
ø��ø)Â��ÕyªÚ×G`¤A'

ÒX7,±²yA�¶d�T�}4)¾Â
�¶�

×GÕy±²���n&��fÕ×G)'±²ªÚ

°è*~7,±²�
Ï×t! 

jÕ7,
øÏÓ¨à?F5?! 

� T�fÕ×GëjÕ×GJ4! 

� j�×GÕy±²�4! 

5  �	
 

²ãÞ4Uj� SAPÀª
�*7,EF?sZ

EF?`àEFb±���T�æ�f�UÕy7,

*���)�»2òW)¸à&G)f SAP
�*ð

Ä�¸à´i�b±?F)¾×G?sZ?`à´i

*�7,jg?7,uÓ?7,£Ð?7,�sZæ

ßàr°� ?sZæßàr°q1�r°kª2�

kæéÄ?sZ��p?ßà��?�q®�?uµ

{?µ{ù¨?�g>?×GÏÓL¸à|}ðÄUb

±��!f+ �U>^8� ERP
�*)Ü 300o{

`~�Uª)7,ðÄUb±��EF)ÆZP��

U7,±²����Ó?YZ,³�T�C�?�U

7,6ÕªÚ��C#EF�¸à ! 

����� 

[1] i�[, �ª. SAP ECC 5.0/6.0 ���	�2�à[M]. wx: y

z{|}~�, 2009. 

[2] |�uvùO±Ñ�J£�,. |�uv^�®¨ð�±/¨,

-P2�à[M]. wx: \]|�}~�, 2010. 

[3] ]I|�����¹S�. ]I|���M/)¨��[M]. wx: 

\]|�}~�, 2010. 

[4] ]I|���S¯Gà�. ]I|�����S¯-"M/)¨

Ï�[M]. wx: \]|�}~�, 2010.
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<=W
ëR�
;�
¨XX
Ã�Y 

�������	
�	����� 100761� 

����; PQ23X���; YZ[X�\]&'^W_`�&'ab�cdef�gh�; PQX

��ij�kl; PQ23mn3Z[X��o$pq8r&�; PQX�stu�&'�v�wgl�

�x; PQ23; PQ�yz<; PQn{T|zR�; PQ}~23z�}�X���8+���

x; PQ23�z�9WGH����gh8���x; PQ23X�������x; PQTZn{X

���8�1�����+�s�x; PQ23X��F��������j8 

����; PQUX���U�xX�  

 

1  �� 

×¸C�
�1industrial control system)ICS2�

��.��µC�ûª�T���rb?Bô�»G

C�ûª9�Ð±�)�T���rb�?F?B

¹�C�æFG�	�HmL|}!×¸C�
��

���rbíBC
�1SCADA2?2�/C�
�

1DCS2?[ÇGGHC��1PLC2?FG«¬1RTU2?

»}�åy§1IED2�æ�g�
�æ»}y§�

	�s�/0[1]! 

è()ICS í IT 
�ÒX�h&R]?)ICS

�¾Ä`XC�CD?.�`þÁª�Àª�"�


�!ãÝÞ.��?�±²�t«UCD1IP2

y§Ì¦`X���n�.F ICS *��UUV

ãv+æ�û´�¶�[}\!ICS r�R.��

n��)ðî¸^s�FG�&}�)dÜÄ¸³

��jÓú?Ôt
��UVCDðÄ²ðyj�

Tü).FèéA>�)$R� IT
�U!R.b

±JKQ� IT}�)&��9�
�)ICSí��

���66e®)£¶UgmRS
��Y6� !

ñdÆoj� IT �ãv��n�A>�yj4Å

?FRS½J� ICS ãv&')ã�fmðRS�

�n�à ICSyz*�)ÌórÌ���µm'ü!

f�S*+?)�1� ICS yz����Q�ã

v��n�! 

ICS [��jÓZ_1�� CPU�î�x¿2Ô

Ô��ÛX��)ìuRS
�Wfè6�>PC�


�Z_)Æ®:áÒXM�Ê�Ã+;n�UVã

v��n�!��)f�S*+?)+;nãv��

n�1²N�IJ)¼½5óãäU+;n��GÏ)

Æ[}�¶[�\�p°!ÔgÖ×¸C�ãv�)

��{âõÁì��RX IT UVãv�C�
�

`¸ò���ÛN���ûØÙ[2]! 

ICS � IT 
�]î¿f¸à�AÈ�pð)R

�£¶Uf��UVãv�¸àÚknv�X{\�

 !�{�C�×Go?C�
�¾½¯� IT ãv

`¸ØÙÐ±�`¼}sä)�Ântqt)�F�

ãä?ÔtíHmíC�
�&��ãv��n��

[}£¶�èé[3]!×t� ICS � IT `¸ØÙf�

�]-�U�	�ãv/0�[§\èé!ÃlÒ

ç)f ICS l¾Ä��SÔt
����[}�e

¸sÚÛ¾Ä�Ä� IT UVãv��n�)ì�°

ñj� ICS�`�ãvyz£ÐÆXÌ! 

2  � !"#�$%��&'�� 

��×¸�	�µ� 451 0ãÞ���=×¸C

�
�	�ãvEF��òá��]4)+x�Ä�

¸ñÜ×¸C�
�ãv���UàU�{Q�]

>)��?ûµ?�¹?ù¢Lo{Ä¸vï��U

&��Í·\ãª)Í·&�Ä¸�ãvAí(²

¿�!+ ³�&��ûò TC260?TC124 L³�

ûÀ��U&�³��°ñ��×t! 

f�U×¸C�
�nv)4S�)¦�Þ��

�<
�ãvµm8)n�á*Þ4��ãv2~?
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UV`�?h���?i��ç”8)nD)���<


��ãvµm'üf�?�S��*vï3T! 

� ��#>��Ufi�îãäU��`��i

��t�çäÛ)h�îãäUÚ?����

äÛ!�»i��t�çäÛ)T��n�ç?

���tL|})�»��äÛ)T�N�ã

v~]î����ãvDE[4]! 

� �U��µ
��r�Uª��ç�ãvµ

mn/)���Ü^C�ëÎ��ãðÄ�

ê)«¬�à�ê��ã4)�ðÄ�ç

�ê)�ç�»4A@éÄ&��|}!�

»ª��çn/)[�XÝPµÅ��
�

��¹! 

� Ei�ØÙBô
���»fØÙBô¦F*

xÛãvNO�ãv`CÀª)T�í��ã

vsnI:î��W�ç����t! 

3  ()#�$%��*+!",- 

3.1  �·OP'±Z 

Ü×¸C�«¬[)6����y§�«¬[}

¿fãv+æ!d½)�Sy§�+�r°�)�T

���[C)RSy§[}¿f�®�BC?åÅß

à?��*úLAÈ[5]!Ü×¸C���UV)�U

×¸C�
��r� IEC 618501��2�

IEC60870-1041FG2�	³ªðÄ�	),-RS

�	³ªNW§�t?�ç�|})ì�¿f�%¦

�AÈ!���U×¸C���.����D�Uã

v�çú�N�)¿fãvPy! 

3.2  �·OP�[�\Z 

�Sr� GPRS1general packet radio service)�

�2û��ßà2?CDMA1code division multiple 

access)Æ2o!2L���	n/�NW§¡÷�

	�ª�w�)f GPRS yz¸s.� 101 ³ª)

.� APN1access point name)snh2_-`Uð

Äô���rb?C�ëÎ?�)¨®�t'üæ�

W�ç)¿fë6�ãvPy! 

3.3  �·OP¢q� Z 

���U×¸C�
��=#T�\í[�

\)×¸C���
�[¿f
�µm}�N��&

')����Û¿f¨Â?
��JEF(��ã

vú�wx(��æ��
�\}� ¨©Ú§�

j|}L! 

4  ()#�$%��./�0 

�U×¸C�
�����BCí	�rb


�?���	æ��UVL!��BC
��Í��

B¹�C��Uæ�w¶£¾Ä»G�? j�jÓú

æUV/0�¸à?F
�æ»}y§L!���	

æ��U����#>��U?��î¸��UL[6]!

u2ò�U×¸C�
�ãvµm� )¾�U×¸

C�
�ÏÐwx±×¸C�
����?×¸C�


�DE��æ��
�[!�U×¸C�
�2[

´J5Ñ 1ÒÓ! 

�U×¸C�
����Í�U×¸C��¶£

yz)����?Fª=í�T�?�n/Ôt
�?

BC�ú?×¸C���UV1×¸�³U?���

�ûUL2�æUVl����	³ª[7]! 

��?Fª=���[ÇGGHC��1PLC2?

F�«¬1RTU2?»} IED1gm?ôC?j�?

qd�?»}«¬?»}ûª?�'y§2L! 

�U×¸C�DE���Í×¸C���?Fª

=íFG��
��	�UV)�� GPRS/Wi-Fi L

�����FGj0?¡÷`�LX���! 

�U×¸C������ÜT�¶£yzðÄB

C�EF��ú1Ôt
�?���2�æ����

���! 

5  ()#�$%���12()#�$%3

�45!"67 

5.1  ]}�\ 

112FGj0ãv 

� ugçFGj0ãv)[r�UV[gmæa

H[gm!r�UV[gm)�� VPN1virtual 

private network)_-`�UV2/0Õ"�t

��)���?*+��»j0ßà�1RAS2

Ü�U×¸C�
��²PUVí
�ðÄF

Gj0�&lr�aH[gm).�`��a

H�ty§)Ïq�þçà/0)ÜFGj0

�MðÄ�M¬A?³��ç?�&C��

Ôtãv��! 

� �Õ"FGj0ãvEFú�)[rÌ5?'

ü�j0yüfN.���Y�_lj0³�

�M�tÆ�æ�Y¥)á® 1{
Y¥�<l

Üj0R¹*+ðÄ��)5�î?û�Ll



人
民
邮
电
出
版
社
出
版

2018�������	
�� 

87 

ÜFGj0�MX&��M���lgçFG

sn�M4�&'[�L! 

122¡÷�	ãv 

� Â�U×¸C�
�r�  EPON1Ethernet 

passive optical network)�³U�_¡UV2?

GPON1gigabit-capable PON)�_¡sn


�2 ¡�³UVL/0��.�S"÷N

 r8! 

� �r��H¬§W?�W�ç����tL

'ü)�=Ü�¥�U×¸C�
�FG¡÷

�	�gm! 

5.2  ^}�\ 

112Wi-Fiãvµm 

� �r� IEEE 802.1x �ç�t EFn/l 

� �r�  WPA2 CD�tú�)Ü��&ð

Ä�tl 

� ��Å SSID 1ßàäÛ³�2 Ýr)�ðÄ

sFP!»C).��&C� �)��

DHCPl 

� �TüiYUV�&C�)�Xò�UVê;

  SSID �Wi-Fiy§ �MA[^sl 

� �ÜÒX.� Wi-Fi ðÄ�	�äÛðÄã

v�j[8]! 

122WiMAX n/ 

� �JK PKM1privacy key management)t E

F2CD)r�> tÆ/0T��W�ç?

snÖM�æ@�t ����YQ! 

� �Þ����t?	Îgm�t EF! 

 

� 1  |�u¯���	�¡$0 
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132WAPI snãvµm 

� �.� WAPI1wireless lan authentication and 

privacy infrastructure2� WAI Ü�M�W

ðÄ���ç)r�>�t tÆ)�)°

�çàÜy§ðÄ���ç)ðÄb*/�

çEFl 

� �.�WAPI�WPIÜDE���ðÄ�t! 

142GPRS/CDMA/3G ãvµm 

� �f��UV�jklÕ"`�� APN ��

É±��`U)T�ít«U���lTüF

G VPN ^s)�Â���?/0T���Â

¾  VPN ßà��Û�  DMZ ~  Internet 

t«UµR©]�lÜ��¸à
�>� VPN 

T��FGEFÌó��È6��&C�'

ülÜ>» VPNðÄ�FG¸à�&Ìóy

�È6��&C�³�l�ÂðÄ'(��

&��ûª�jlVPN FGsn�Âr�=

�ç)5çà?�Ù�ÎLðÄFG�&�

�ç! 

� �í��`Ui����ãvsnI:Õ"`

��t��)gç���»��`UFGDE

�ãv\l 

� �í��`Ui����ãvsnI:T�F

G«¬�W�ç�ãv�n! 

6  �	
 

²ãæçU×¸C�ãv��7)#°U×¸C

�ãvf+x��°ñ�Ø)dæ�U�U×¸C�


�f×¸C���[?×¸C�DE��[?×¸

C���
�[¿f��ãvAÈ!��)Ü,-

�U×¸C�
��[<ÏÐðÄUR¹�æç! 

>�U×¸C�
�ãvµmTå��U×¸C��

	DEãvµm!²ãÞ4�>�/0)Ü�+�U

×¸C�
�ãv��NXâ�6õ�7! 

����� 

[1] Ü� . u¯���	Ã¸ûF`N³[J]. 6b.½�, 2017, 

38(7): 4-8. 

[2] �!!. u¯���	"ì�ÆÇ¸û@ºYF`[D]. #k: a

bNü, 2016. 

[3] hT, b�¬, ��, p. u¯���	Ã¸ûF`�à[C]// 

Ã¸û$%�F±�� !NM, 2012è 10ç 18æ, +8. 2012. 

[4] E�, *â&. u¯���	Ã¸û±'��[J]. \]Ã¸û, 

2016(4): 66-68. 

[5] (�´. u¯���	Ã¸ûY)*ãä[J]. Ã±|+(£,

~), 2016(4): 184-185. 

[6] -�°, ��. u¯���	Ã¸û±Äö¸û
V.lm[J]. 

\]Ã¸û, 2016(4): 62-65. 

[7] V/. �ôu¯���	�Y÷ð�0±N���12F`[D]. 

+8: hâ£uNü, 2016. 

[8] 34�. Wi-Fi���Y¸û±�55�lm[J]. Ã±|+(£

,~), 2018(9).
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�������� !�"# 

Q_
`a
Üb 

����������������	
�	����� �� 432000� 

����TZ^���������^������}�; ���¡¢£¤£¥8��¦§^��������

¨TZ^�����O©
ª�E�«'8¬TZ^�����O©��vY®¯°�±²�³�O©^�

����´µ	¶�³�O©�·_Q¢8 

����³�¸O©U��TZ^�U��¹º»¼ 

 

1  �� 

4�Å)���	ú�tu»}�U��~C�

*x)ÚÛÉÅÉâ[1]!¡¢���	y§í¡¢

���)�	ú�×tØÙ�¾H�>ÉÅÉ]!�

#)�	ú��¡¢¡÷EF�ú�¾HØÙ��

×t!uUo�ú�¡¢¡÷EF)²ã��	ú

�¡¢¡÷³�yjN�U�ñ! 

2  3�89:;:<=> 

2.1  '�Ñ� 

+U3�W��>^x���>^�	U*,-

X 227{U=)ð:DEy§ñXí]^s���")

ð���y�R¹�³�ðÄ��!D��ú�³�

���U²¬æÜ¬�y§æ¬�	�)�¤�¬�y

§ ¬åiµ��âQ�tz¬�³�!��5ó

U���y§��H�?�{ ?xo{$h��H�	

�)N��»Ú���6)��L%y§��H¸H

931ä;ø�2)RS×t�âUú�¾H�(�! 

+ �UÜ�	ú�³��.�³X��³

�!fÞ+ �U�	EF
�/0jk + 4�2�

³�EFá*+ 40¹X��³�³6�V�)��³

�¡÷³��³6u_ 18 mm?8 84 mm?¹� 2 mm!

5Ñ 1ÒÓ! 

�³�ÔU³�³��³6�)4Ü³�l�x

Ê�þ)X��³�!f³�à�+ 53¹)³�¡÷

³�xÊ2u�¡¢ê��¸àê��ßh���«h�!

³�à�+ 55¹X³�þ)�W)³��¡¢ê�)

110)¸àê�) 70)ßh�«h�) 90!È6 

 

� 1  �¯,- 

L%�³�à�³ )�	ú�¾HØÙÖ×4

�¡÷³�5Ñ 2ÒÓ! 

 

� 2  ,>6Ô 

2.2  ~��� 

�	ú�¡¢³��ú�¾HØÙ3¡¢´Ö

�â×W)ãù¡¢´Ö���×WÔÔN�)

ú�¾HØÙ4�<ÑBC*~��è8)fBC

*~�UElC¡¢W)^s*+!X��)uU

ð��æ��Ú´Ö)ú�¾HØÙ��UVC�

��×tØÙàáC'÷1¡¢ø¬2�^sZâ!

RS´Ö3�»Gh����)ê�4P!ì�)

Þ]�	ú�¡¢´Ö3ÝbËfÌÄ!�Ä�ú
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�³�EFn/ís«U?»}�U�`a�NÉ±

6�p)r��å³���ú�¡¢´Ö3Ýb

�ËfÌÄ[2]! 

³�)
����	ú�Hm×t�âjk)

uUÕ"�q���	ú��³�)
)y�8Ï�

�Ä¸�³�)
�Ø)6õ+�+x�9ð/0)

��6zðÄPQ)�³\?T�\?¥�\Ð{

1>Üú�³����ðÄU,ç)d¾ú�³�)


Þ]àEF�]>)ÅÚUàÞw���	
�¾

Hßà���,�)u���	ú��ãvc�¾Ä

Þ�Y[§�JKígÖ! 

5óX�.n/}���y§��HR¹^s�


)��[�`a©ÌxÊ)�}66��ú�¾H

ØÙ�£g)Þ]×tÝb! 

3  ?@A=> 

�HÆ��.��.���ÐþÑÉL��³

�fIv2���m&î�ÑÉ����	��Ç

Æ!¦�	�Ê�6?gt\]?ÈÆ[§\]?

eP}�=?±²�Lmogh)�HÆ³�f+

@mo��FàÝÞ��!ÛB�HÆX QR Æ?

Data MatrixÆ� PDF417Æ!èéñ}.�ÒXþ

�ðÄÇÆ)ÇÆ�Ì�þ�)è6�Ú�2��

7 089?3 116� 2 710!�� QRÆ.�èuÝÞ)

ÆoGúÀª�}��R.�HÆ!ì�)²ãV

��HÆ{�r� QR ÇÆn/!N�ÇÆn/�

�HÆB� 1! 

� 1  ������� 

ðÇ�Ô 27 �Ô UN"Æ/bit 

QR �8 �ï9: 7 089 

Data Matrix |H �ï9: 3 116 

PDF417 {; �ïØ 2 710 

 

4  ?@A=>B89C�� 

4.1  cÎ�od;P� 

ú9)��³�xÊ!³�xÊr�¡¢´ÖA

IÛ�Ñ�7,)��¡¢ê?¡¢N�?¡¢$

�?¡¢v8?vGpq?Iypq?HmØ?Y¾

�î�H�	�!d4)�Ì³�Ö×Àª!r�³

�Ö×Àª P-touch Editor5.1)f@n�70���É

Æ)CD0�� QR ÇÆn/)f��50En³�

xÊ)hÎÖ×!5Ñ 3?Ñ 4ÒÓ! 

 

� 3  ,>{<¿À 

 

� 4 ,>�Èº¦¿À 

è4)��³�|}ÚÛ!¾Ö×4Å��HÆ

³�|}àú��¢Ü�ÚÛ!Ö�Gú���ÝÀ

ª)�Ý³�l��HÆ!�	ú�x�AIØÙ[

¾�HÆ�ÝÏó2VÃú���&�×tØÙ)T

�Z_9V! 

 

� 5  �ïÇ,>6Ô 

4.2  cÎ�ode°Ùf 

�	ú�.��HÆ³�4)AIØÙ�Ý¡¢

l��HÆ³��[�©F¡¢´ÖAIÑÒ��

v�	�!�Åú�³�xÊ7,5Ñ 6ÒÓ)�H

Æ³�xÊ5Ñ 7ÒÓ! 
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� 6  Å*©=,>�È>? 

 

� 7  �ïÇ,>�È>? 

�� 2[�Cà).��HÆ³�]4)�	ú

�0AIØÙ3´ÖÒ��î.�-66��! 

� 2  ������ !"� 

î@DA 
�ïÇ,>P

2×î@BÀ

ÒÓ/min 

�ïÇ,>P

2Xî@BÀ

ÒÓ/min 

C¸È|��Dw`YÙE 19 7 

C¸È|��DFIGYÙE 30 13 

C¸È|��DHIWYÙE 22 8 

C¸È|��D«(WYÙE 35 19 

C¸È|��Dà`YÙE 30 15 

C¸È|��D`,WYÙE 28 10 

C¸È|��DwxWYÙE 35 18 

C¸È|��DJÅYÙE 32 17 

HIWDwxWYÙE 23 6 
 

5  %D?@A=>EF%G 

�HÆ³�f�	ú�*�.�66��UAI

ØÙ3´Ö��î)uð��ÌFZ�Ýó)��

U&��>).�HÆ³�fú�\æ��! 

112�>��Õ"�ú�³�¤-õ��ú� 

ugç³��æ�\�Ú�\�æ��ØÙ�

>éÄ�N��&')rÌU 3 .'ü�����

�¢³��HmØ)ð��P��¤-�)l��

mnõ�ú�)¾õ�*+ n´å@Û³xÊ)

d¾�õ���7Í³2�?�µu�2�)É

±¤-õ�Í³)õ�í~Ý¨�)�²»�õ�

�ÀÍ³uÁÍ³)�=õ��XÝ\l;��j

Ù×�>éÄb! 

122�>����R¹�@¹Ajg 

ðÍlè4ýr�@A)ðÍ�<!@A'#4)

ý@A*+��f�60)'±ZØÙ@AÕs×t)

¾-�Í4��&'æ�?F)�g&'<Ú��! 

132�>;����HÆ³�&G 

à�	ú�Cy§?��ª=^s�
)A

³�	���í��^s*+�¸!5ó�¸)��

§Ö×�HÆ³�)5óN�¸)�¾³�âQÖ×)

|}Ú�³�!?��)Ö×�HÆ³�)�t�H

Æ³��&Gf-ãAR¹a�)�?N9�ç!

Ö×Z�HÆ³�4)A�HÆ³�xÊ7,�

�6���×t��è�7,�1972)5ó�

��ª)�'±({&G)5óN��)�âQÖ

×�HÆ³�! 

6  �	
 

²ã��	ú�¡¢¡÷³���Ø��E�

&'nG)¦��HÆ	�Ê�6?gt\]?È

Æ[§\]eP}�=?±²�Lmogh)¾�

HÆ³�����	ú��¢EF!Ïó��).

��HÆ³�4)ú��¡¢´Ö3Ýb66Þ

])Üú�EFX¢â�7!è4Õ"U�HÆ

³��&��>).F�HÆ³�f���	ú�

��3TàÚ! 

����� 

[1] v´. �ôTì���Y|�c©=¹SJ£�2[C]//2016 è

õö|�GàFmM, 2016. 

[2] 3KL. dF|�cMÏ|H,>Y�2×à±�	Z�[J]. 

Ãc, 2015(9): 6. 
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Üg 

������������� 100069� 

�����1��½¾+¿ÀÁ/Â�23ÃÄÅ�Æ�ÄÅ$ÇR�ÃÄÅ�ÆÄÅÈ�ÉÊ67�ËÌÉ�

ÈÍ/<ÎÏÍ/ÐÑ<Ò§ÐÑZ[ÓÔÕzÀÁ]<Ò§ÐÑq�+¿ÖÏ× 8 

�����½¾+¿ÀÁU�½¾Â�23UÄÅ$Ç 

 

1  �� 

�÷¼2)2�/ãª
��f2�/Üx¿Ë

�jkl¾ÜxûòuGH�»ØÏÐ)�no�M

��&)ì�)¾2�/Üx¿Ë�2�/ãª
�

��&�f�ßæç!fvÜ2�/Üx¿Ë/ãª


��)�{\��&'�`�#>�æ��mß��

���)À�²ãV��âh! 

2�/Üx¿Ë/ãª
��» S3 s�?NFS?

CIFS?FTP?Web servicesL$J�s�u�MÞ�[

kN�¿Ë}�!2�/Üx¿Ë/ãª
�èâ�

��u�MÞ�v����ëê	î)RÀ�� NAS

�1²~�!f�{2�/Üx¿Ë/ãª
��yz

0)
�x���£¤¿Ëík?�üík�æ�M

á �H���Ú)R����ñ�Ü�M'��)

�.f
�`Éo{��*~�À��5�!��U

Vì�)`��*~���U²��ü¾@^Å6

��«)�¼èéà
��()\}!ì¼)Æo2

�/Üx¿Ë/ãª
��£¤)�4������

f�{��*~0)f�o{��*~Þ�[§\

���ãv�)ð{�����<2�/Üx¿Ë/

ãª
��Tå)Tå]îðÄ��X�)R�^Å

U`��*~#>�&'! 

2  HIJK 

Üx¿Ë
��ßàsn[Þ�xÕ��&H�

ík)JKl[��
��-���*~�ßÜ-�

Z_��&á !á �4ï�&?F1²P�& 

FG�&2�Üx¿Ë
�x���?F!��)Ü

x¿Ë
�Þ�[�Û��&H�ík).F��[

[�1�¸à~��#y��Â�H�ík)�o.

����&e[}�¶f²P��*~! 

å5)Xz{��*~ DC1� DC2)X�{��


�u App-1!�y App-1 �6�2üá �¶f�

�*~ DC1)¼�á �¶fz{��*~��b&

R!�[�yÛ�&H�).F App-1�üá H�

à DC1)R3[�gç6�2*+?üá �¶f²

P��*~! 

��)
�4Þ�[�Û����&�¸\x

�ík)fï±g9�²P�Ì���jkl)À

[T����=�¸\�Ìgç!å5DÜlv�

åå)5óDÜ App-1��&á �¶f DC2)½

�¸\x�uè«�¸\)�?F�� DC2²P�

Ì��1[}�à·P² ��N¿f2l5ó�

¸\x�u=�¸\)�?F�� DC1FG�Ì�

�1gç�à���èQP²2!5óDÜ App-1

��&á �¶fDC1)����DC1²P�Ì)

�[T�=�¸\! 

���[vC)
��gç-�$hf�¶ð

Û15OU?ÁâpY?O�2�*+?[�%ï

Þ�ßà!DÜz{�¥ßà1`��*~4T�

��X��æ`��*~oh���&2)
�

gçfßà»G*�ª$h°Ý&'!�×t$h

�É±�{][�bc)gçbcx-�$hYQ)

��$h[�%ï4ï×t!½$h
X4)[�

âQ�nbc*! 


�4�W§¾\kN}�)IJ¾HØÙ�

»f���?F$h�n/)II1Í��$h�»

G*
�Ü�NåÅßà2PÞw
��8)?F}

�!DÜz{�¥�ßà1`��*~4T���X
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��æ`��*~oh���&2) z$�¥ß

à$h1��X�$h����&$h22�W§I

IkN}�! 

DÜ��X�$h)��({ðP��X�»G

*)è[}4��tf\}tufðPú�î�UV

^_�æ��UVNc�¹±�DE�«l)¼X�

$h²�?F}��ÞwÜ�()X�»G*\}Þ

w��D&Ü¼2��X��!ì�)Ü��X�

$h)[rÌ&Üäª�kNn/���X�$h)

dI²ð{X�$h��Û)�Y²�?F·1R

0[�ýð{��X�$h�?F·~x±({�

�b*��{åb2! 

DÜ���&$h)[�¾`��*~��&H

�C�|}tuûª��fÜx¿Ëßà1object 

storage service2$h*)ì�R0�kN\yj�¥

uÜx¿Ëßà$h�kN\yj!��
��Üx

¿Ëßà$h��ØÙyj)ì�[�äªP�»I

²-¬£ÊyE�¦F �)¾Q�Üx¿Ëßà$

h�nbc*! 

3  ��LM 

3.1  )*BC 


�1�N��|}1�g2u 3{[x)5Ñ 1

ÒÓ! 

112ßà[ 

2uz$ßà�Üx¿Ëßà�EFßà!�*

Üx¿ËßàÞ�T[á H�ûªT�`��*~

���&!EFßà��¨0EFßà?�jßà1�

�4:�j?Fûª�-¬�j�ûûª2?BCE

Fßà1��BCEFÀªConsole�BCEFßà2! 

122��[ 


�¾z$��)�Z_���¨0��)2�

g¿f2�/Üx¿ËmIæ�
�J��EF
�

1RDBMS2*! 

 

� 1  NOZ�  

Z_����Üx=��?ÜxxÊ?Ê�=�

�?ÜxæÊ�� ACLLl̈ 0����¨0�W�

ç?̈ 0�ª	�?̈ 0RX�Ê� �?̈ 0�M?

¨0.��jL! 

132��[ 

DÜz$��)2�r�N������ûª!

DÜg¿f2�/Üx¿ËmI*�Z_��)r�

2�/Üx¿Ëbc��×WðÄ`��*~���

��lDÜ¨0��)[r��
J���EF
�

�^���×WðÄ��! 

3.2  hiBC 

Ñ 2ÝçUz{��*~�
����£Ð¹Ñ! 

f�{��*~x)
����2uz$$h�

¿Ë$h)��Àª���	Àª?2�/Üx¿Ë

Àª?Üx¿ËßàÀªlEF$h)��Àª��

�	Àª?RDBMS15 PostgreSQL MySQL5.02?

����Àª�æ�j2ò?�j�û?̈ 0EF1�

H�yÛ)À���&íkyÛ2?ConsoleLÀª! 

uU©F6�UV^_)VWªU}±uð{

$h�UV I/O tu)ÕDð{$h���U}!�

iU}��Ü�Þ�ßà1Üx¿ËßàæEFß

à2)��iU}��x���Õ¥æ`��*~�

���! 

�$hÜ�ßàU}�»£ÊyEy§15 F52Ü

Þ����&ßà)¼�$hx���Õ¥U}�»�

	Àª12�/��8�2íd�^sdÕ¥��! 

�M¬2u5? 3$! 

� ��
��í£ÊyEy§UV[U)¸s�

&
��Üx¿Ëßà EFßà! 

� EF�M��»P»�^sà Console ßà�

1bc2).� ConsoleEFBC
�! 

� è«�M��»t«U¸s^sÜx¿Ëßà

bc! 

��*~]î�»¡÷`�t�! 

3.3  -ÔBC 

Ñ 3ÝçU²7,Üæ� 3{�¾Ä�?F&G! 

112Z_����&G 

�z{��*~1DC1, DC22uå)Üæ�1�

��Üx¿Ëßà?Üx¿ËmI?Üx¿Ë���

�!DC1*�Üx¿Ë����T)£¤¾ DC1*Ü

x¿ËmI0���X�à DC2*�Üx¿ËmIl

DC2*�Üx¿ËmI����T)�&�)£¤¾
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DC2*Üx��¿ËmI0���X�à DC1! 

� DC1*�Üx¿ËmI����T)uå)�

?F&Gu� 

112s�DC1*Üx¿ËmI�Å� event��l 

122�DC1*Üx¿ËmI©Ì(pull)�X���l 

132� DC2*Üx¿ËmIü(push)��l 
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590-595. 

[2] SHVACHKO K, KUANG H, RADIA S, et al. The Hadoop distributed 

file system[C]//26th IEEE Symp, MSST, 2010: 1-10. 
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data-intensive file system design: reconciling HDFS and PVFS[C]//SC, 

2011: 67. 

[4] SARAVANAN N, BASKARAN R, SHANMUGAM M, et al. An 
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�*)CD1campus distributor2uÕKc��


�)BD1building distributor2uÕKs��y§)FD
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B — 1 Mbit/s — — 

C 3�°z:±² 16 Mbit/s 3� 3� 
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��45%&�6/�745�689:;<= 

�ññ
¼½¾
Ü�r 

�������	
������ �� 518120� 

�����~#���~��Hï�·PÂ��äsO�¸¹D�H \]�·PÂ��}�T���45�~

��#�m·+��sOp=�_2�gh���ºp=�á2m�»8 

����#�UsOU�^?@A 

 

1  �� 

1.1  �£;®� 

���tuyj�&�Ä¸)Äu³nv�E

C�12È6�!*+Ý�bsX�>^1�?ä;

*Ý�bs2�X���LGÏ=û��F�))�

U�fî¸EFnv� �ne! 

�?Và��GÏ�)dN�jÓú��l�GÏ,

¼��.Ý7l���)��UØÙEF?y§EF?

yzEFL�
 �xÊ!äªÅV)GÏ����

EFØÙ��4ÅT�Ü��XÝC���.G	)

øàf��x��{Ä�ñXÅ[Ø!R3�´/f

×¸¶£��dN®B)j²lèL���Û�7l

�Øúâey�*��e�)5Ñ 1ÒÓ!fî¸EF

l.�GÏ=û)}�cýP²¨×t�Ýb)e®

×t*4��P}�æ°}b! 

 

� 1  fgÐh�¸i67� 

Ü����R$Üæ�ãv�î¸ÅV)GÏY�

>�²â!×¸¶£*)Ýb�ãv�¸�Øé� �

z{n�)GÏ�T��7ÅV)Ü�fùú�î?ù

úPh?øùú3�û*�RS&'WXÍ·�7!�

;<���uå)6à�~���)rà=>ØÙÄu

³)ñXW)�GÏ³�!�~x¶Ý�Ú/GÏã

ªoU�WW!R3�Å)GÏ���³|uâ! 

î¸EF��5þ���WGÏ��R��{

Èö�»G)¡N������í���þ�²�

���!GÏtu�~xEF��{6%³�)�²

��Ú�\�³\ñÌóX���gÖ)fGÏ

��&G*ÌóXÚ��³�tu6õ!���]

û)[��÷�)èWXT��7�Ìd���Úfé

Ä��GÏ�!R0�GÏ)]-vÞà���)�

�{Y6�bq)è��U¾Þà���{��

——�+³�! 

1.2  ��o�;®� 

�+³�)±êô7)+ ³�!R0Þà�+³)

T�lN���*++ ³�)4¥\UÄ¸³�?

Pn³�?î¸³�):á��S��+ �³�³

�!ûTl)[�¾+³F�±u+ DÜEF��

Ä¸ ����¼����S+ x�GÏ�! 

ÒX³�)N±nø!�,fùú3�î¸E

F]*)�{OZ�EFneÔÔ@±uî¸¶¿

��N��¥!-þî¸~f{ù�¯°*no

¼4)ÌdRXõ�¼gÃ�EFne!Ü��

{+ ¼2À�5�)R��+³�¶��7!�

F�Þ��)��+³�+ x�GÏ)èWX�

��e�\! 

2  �ª��=Cc� 

2.1  ���g� 

-vÞà-þ�WGÏf�����ñÌóX6

õ�³�)uU³EF)�÷�GÏñX¾Üæ�

6õãª��fGÏ²�)no¾ÅÜGÏ�wx�

Ik!R3���2xÊ)�Û}fGÏ�,�*3

à6õãªR��2)�������GÏ�³�

�Å)5Ñ 2ÒÓ! 
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� 2  w#jk��lmËn 

>{T��ååÅ�_l? �
!���f¶

£*Ü��_EFÌdX¢�WGÏ);]uGÏ A)

+ nvÜ����_�EFÀ¿f�W+³);]

u B)�3���Ä¸À@X�WÄ¸³� C!�y)

A �6% C ���)¼ C �6% B ���)/ú C

�� A�l ãª)B�� C�l ãª! 

T�¶¿*R3�ååN®)+ ³���.j

�ãª)è�Þ�F,¦��éÄ´/)Ä¸?î¸

L1�+ ³��&�xÊ)Ïq���T��h�

�Ä¸³��î¸³�)����P¾+³�xÊR

¹µ?W)µ!�»Å)��À[�O�)-þ�W

GÏ)�»l ãª���)ñ[�f+ ³��e

�e³*3à1�! 

R��+³�GÏ�+�.«
)+³tuGÏ

�l ãª)uGÏÞ�F,¦�! 

2.2  ij�5 

+ ���úÐñ�WX���M�\�)+ ³�

Y�5�!T�×¸¶£�»G*>Û@rà�S��&

�&'!RS&'WXõ�\?ÝÞ\�û��!ü×Ø

ÙdN�õ°ØÙ)ð<ñf����uÓR�´/)�

,fÝbl4���blñ�eUà !R��+³�

��JKt��}�)�4Å!+ ûòèM��sä)

°�èæt�!�Ü&�&'���ðÄ°ñ)FàÚ�

�Ïó)üð+ ³�*!î¸��6%RW³�)¾�

���fGÏl)ü×ØÙ6%GÏ�}��&'!R�

�+³ÜGÏ��JKt�! 

�3�åå)mÒ´ò)¡¢��fÃq���

��.Û��DE,�)A>fT�¶¿*�ÝÞ.

�!¡¢�ghÆo)ãX�{¨h——Â¡¢�U

¿G>»6�)@èé¡¢�DEÝb!R��\�

^Å��{&')T�×Gü×*ây¡¢)N[}

¾¡¢8>æ�àÌ�p5)¢�£¶���@¿

f�!/úüú?F¢A}è6�>P�g¡¢

�DEÝb�@±u�{��&'!×GØÙfü×

*�jÓhN��)ÀèéÝb!���XUGB50311

*Ü�¡¢âyèrâÙU¿ýc�³�)B� 1!

GB50311*ø4UR��³�4)&�Ä¸��¸Ø

ÙfðÄÃq��yj?Çü&�¾H³��6õ�

³�)R3�Å)GB50311±u�l ãª!�3�)

GB50311�Çü���³�ÀN��_]¦)/SÄ

¸¹���ÀN��*¶X)èÀ�1� GB50373R

�+³*�&�³�ø4U¹µ! 

� 1  GB50311<"=>4?@ABCDEFGH8IJ 

@¬�* opqrst 

Û�u@¬ 15D/15H 

c*<�G2�!Ûu@¬ 10D/10Hvwx/ 30 mm 

Á�Ky@¬ G.652D@z 10D/10Hvwx/ 30 mm 

{^|K@¬ G.657A@z 5D/5Hwx/ 15 mm 

Û���@¬ G.657B@z 5D/5Hwx/ 10 mm 

 

Âd)RW+³���N���uU��¢�

&')�*��UÃq������{nv�¹$³

�)��¡÷$J?¡÷8>?¡÷s�Lñ@XR

¹�Ýç)R0����uå! 

�l�+³���JKt�)?vÅV�+³�

ne,-t�! 

2.3  !��� 

1���w�EFn/)Jo�y§�!�ñ�

ø�AT�Å�gú��[�\)ãRÜ¾HØÙ

Þ4U )R3��AT�´55þ���T�n

�5þTü�þ.T���}�Fàþ.�T�Ï

ó��÷Z�Æ�¾HØÙ[}�eæ-R3�×

t!+³�ne,-t�ÆZP��UR{&'!Ü

��S>Û\?âX\�T�?Aô�#õ)+³*

[�³��Ôt�nedÃ4&��Ï,!R3�Å)

×tØÙfðÄÔt���)��6%³�T�n

e�}FàÚ��Ï,)66Þw×tÝb!RÀ�

GÏ6%+³��{âhxÊ! 

����Ü�ý��¶��T�uå! 

���Ü�ý��¶��T��³�5?! 

112��-A×t 

� ¶2A)�gõ�Ò�!�OZ?�´Ö?

�pY)���¢�lpl 

� A UPSv 1���µyf 400 V¿À2�

��H�þHEnÚÛ)½ UPS�ûül 

� Ad��ý��û?��¶¾ÄØÙl 

� Aý��û8�µf 396�408.6 V1���

ô��µ-Ìó�T���	Ú)�µ�¶!

�?y§æØÙp�2l 
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� Aý��^s?�Ï�?Ý5�xl 

� Aý��¬)�&+�iÉl 

� Aý��ë�?ãv%´·��þ�¡�4l 

� ��ý����»>¼110¼�40¼2!  

122��!�¢^s 

� ¾Á��¢^s��!ÚëEn¬�ý��û

���HÚëÜ����äÛ?)¾���¢

^s���!£ëEn¬�ý�����H£

ëÜ����äÛ?) 9s��!En¬

d49s��äÛl 

� �¢z¬^s-§)��äÛs�¬sÃve

�è6)��.�-§)��Ú£ëN}�H!  

132��!6�yÛ 

� ûü�µ1warning Vmin2�324 VlåÅ�µ

1stop Vmin2�324 Vlûü��Ê�1warning 

Ah2�130 AhlåÅ��Ê�1stop Ah2�130 Ahl

ûü�î1warning time2�10:00låÅ�î1stop 

time2�10:30l���&1set current2�13 A!  

142ý���� 

� O�ý��	�1551CR u 403JA?552CR u 

404JA2)ql��äÛ	�l 

� ql��!��	�)L?��1Enter2¥)

ý���)Ü��!��l 

� ��»G*��ý�����µ?Â-»>?�

�Ê�?���&?Â-�î)�îu 1</r�!

ãfø5)u����«Å�µ�[§\)�

�6ôõ<�1&����üàÞ��� 1�ý

����ôõ���á2l 

� ��»G*)���C���¢æz¬s�

��X»ã�x?ý������4�ðÛ�

x)�¤4�ðÛ�"�åÅ��1���ª

$�µ·u 10.8�14.1 V)�� 10.8 Vý�

��¶�µ��Ê�l$» 14.1 V)ý���

¶¶�òÊ�x2!  

152ý��¶� 

� �� 10 h)¬s�µ?�á 345 V¿À)G�

�Y��!)�Y��!�_��)�4�_

En@�)�Y��äÛ	�)�Ôý��¬

£ëÜ����¢9ªÔÚëÜ��¢)ªÔ

��!¬�¢l 

� qlý��	�1551CRu 403JA?552CRu 

404JA2)UPS���uy¶)¶�»G*��

ý��¶��µ?Â-»>?¶��&?Â-

�î)�îu 1</r�)Â UPSv cÓ��

�Úf�¶��)åÅ��1&����üà

Þ��� 2�ý��¶�ôõ���á2! 

162ý��¶��Ïî 

� ù�ý���vl 

� 
XÒXéÄ�ãv'ü)Fù��ZÒX×

�W!  

172¤�9�� 

5�l�7×Ïy��GÏ )½ôõ���

q³�)��u9��q61öºÏó�üàÞöº

�ûª 1�ý��¶��õ�öºªá2! 

Ü��A´5)³�5?�Qãä 6I4�%Cý

��û)�ðÄv�Ü\��õ�)�4ð� 2�3 �ð

Ä�<�Ü\õ�)¾ÄU 6��4�%Cý���)

�ð�t�<�Ü\��õ�! 

182����û7³� 

t¸ØÙÌóU�ý��6�?Ü� UPS*+?

UPS��y§)t¸-×W�Ä?Äâ�§ª��§

¶2)d§¥�õ�AÈdøZuµ'ü!�lxÊ

Å�;<���&�GÏ³�!�GÏ�l ãªu

ÞYD/T799-2010 �	�%C/ti��ý��áæ

ÞDL/T724-2000 ��
��ý��¸&�_äÛ¾Ä

íHm/0³Gá! 

�l�GÏ*�³�)9ÅCzW �¸Ä¸³

�*Ü�¶��T�³G*ý��¶���,-! 

� ý��f.�-�÷�ðÄ�¶¶�)ý��

è6¶��&N6� 2.5I10(A))è6�¶¶�

�µN6� 2.35 V/ª)! 

� ý��yE¶�ª)�µu 2.30�2.35 V 

(25¼)! 

� ý���¶�ª)�µu 2.20�2.27 V(25¼)! 

� 'v¶�ØÙ?�ý��âÛ 1�24 h)fyz

»>u 25¼±5¼��ª?�)��! 

� ���)-�ôý���¬�µl����ô

��&)��&r�NF$»³��� 1%! 

� ��5î�ôý���¬�µæ�»!ô��

îî��10 hbõ�u 1 hl3 hbõ�u 0.5 h)

1 hbõ�u 10 min!f��ø5¡�ô�)

�o��P��ý��«Å�µ��î! 

� ý�����)5ó»>N� 25¼)��¾T

ôÊ�C/(1)¥Ó± 25¼j�»>��Ê�
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1 ( 25 C)

t

e

C
C

K t
=

+ − °
 �1� 

�*)t u����yz»>)K u»>
�)10 h

bÊ�õ�� K=0.006/¼) 3 h bÊ�õ��

K=0.008/¼)1 hbÊ�õ�� K=0.01/¼! 

Ü�z�)N���)GÏ*³��Aône'v�

�qÄ¸³�*�³�)�»Ä¸³�*�³�)��4

��w���ý��Aône!��)����f³�

jklÏq�����T�*+Ã4UW)�T�Í

³)R�ÜæGÏí+³]î�~�——�Pµ��! 

3  �ª��=hCZ« 

3.1  	Ç^0� 

�+³���Ä³��+ [vl���³��³

�)èéYo��7f�³({Ä¸�xÊ!R.

\�f��G>l¹±Uèé���\�Ô³�T�

*jÓFà�æ��þ�)f³�nv�÷�+³�

�Þ4U�{��·!õÁà�{Pn�T�*+

XÒN�)[}��{Ä¸��xN�~�W)�T

ü³� JkXN�!�X�Æo+³xñ�fe³

 ·xÃ4äª�Í·�B!¼î¸f��GÏ

�)�[�1���T�*+)fN$»+³ �

·x)ÜGÏðÄ�Pµ?¹$µ�I²! 

2ò�W�	�_EFGÏ)�6õãª�

YD/T731-2008Þ�	�]���(&�á)¾2òG

Ï*� í �Ä¸³�]î�pð!GÏ*Þà

Ü�	�_?ý��ûðÄ�5@A)³�U�A´

5��AxÊ)B� 2! 

�z�6*�@AxÊ)ú9�»õ>)tuú

��yzi�)À�y§c�¾Ä��{yz-Þ)

 u»>f 15¼~30¼)õ>f 30%~80%lÕ&E

� 2  TB208KL3MNOP�� 

}
g  }
~�  

��°15�~30�² ��°30%~40%² 

�¾�� }
/j }
�� ¾J 

ODTVB671AR§�Î_g) 1 

1#
��Kg�� 

°330V�20%�304�456 V² 
  

1��g��Ng��°43.2�57.6 V²   

1#��g�Ng��°43.2�57.6 V²   

1#��g�Ng��   

L�TÑª°������² ��� �*�  

��&'°������² ��� �*�  

®������� ��� �*�  

ODTVB673AR§�Î_g) 2 

2#
��Kg�� 

°330V�20%�304�456 V² 
  

2��g��Ng��°43.2�57.6 V²   

2#��g�Ng��°43.2�57.6 V²   

2#��g�Ng��   

L�TÑª°������² ��� �*�  

��&'°������² ��� �*�  

®������� ��� �*�  

ODTVB675AR UPSg) 

UPS
��Kg�� 

°220V�20%�176�264 V² 
  

UPS
��Kg��   

UPS���Kg��°43.2�57.6 V²   

UPS���Kg��°0�0.5 A²   


� �g��°220 V�20%�176�264 V²   


� �g��   

UPSU�ª°������² ��� �*�  

®������� ��� �*�  
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n�µ�Ó�f 304~456 V?¸&E4�µ�Ó�f

43.2~57.6 V) sPOZ)B¹�ÚÛ×t! 

¼f �Ä³ YD/T731-2008Þ�	�]���(

&�á*�³�� 

112×t»>·�−5¼~40¼)õ>u 90%�x 

122Õ&En�µr�·� 323~418 V?¸&

En�µr�·� 43.2~57.6 V! 

132(&��WXs��H[íBC�H1
�

BCª=2^s)fBC�H1
�BCª=2C�

?�WX[ô?[	?[C�|}! 

142sP\} ! 

¾z����ðÄ�Ü[���� 

112»õ>� ·�Ü�Ä³ ·r)

õÁàÂP��íú�	#�#$t�)»>]�

30¼ �� 15¼�*+®¿f)��Ü1�T�*

+ÜÄ³ðÄ�Pµ#(! 

122¸&E4�µr�·íÄ³�¸)Õ&E

n�µ�&ÜÄ³Ã4�·k61Ä³u 380 V ± 

15%)¼ u 380 V±20%2)R���Ä³xÃ4U

F��¦�)ÂÕ&En�µ$4lç 15%�·ã

N$» 25%�l}.�!YD/T ��]ó\Ä³)I

Jî¸f��G>lðÄ#(! 

132Ü�Ä³xÞæ���xÊ1sP?µ0?

BCL2) *ÀyX)�! 

[���)GÏ*� &Ü�+³)j²l��q

 �)ã�X�SxÊ��f��e³ ·]x)1

���.�*+ðÄUI²)R.´/;]u�PµEF! 

3.2  
�^0� 

+³Ü��{Ä¸�ýC��.��l�ýC)

f�S��l+³Ä³���*[}ÒXÜæW)�

Ôt)�ÞàUÄ¸xØÙ�Ôt��)å5 DL/T 

547-2010Þ��
�¡÷�	¾ÄEF³Gá*Ü�

�U�x�	úÐ�¼¤ðÄUV�!�*Ü���

Xªî��å5Ñ 3ÒÓ! 

[���)RWÄ³x�³��T��.��l

�Ýç)èNÜæW)�×t)f6%RWÄ³��

�)ÌóDÜÞ�� ��R¹�øe!��f

Rnv�GÏ5?! 

“4.1  óÞâ���  

�1������	
���������

������������� ��!"�#$

��%&�'() 

 
°a² 

 
°b² 

 
°c² 

� 3  DL/T 547-2010¡g!�F@z2�¢"Á�£w¤ 

:/¥g¦§¨�©ª 

�2������*+,-�./0�1234�

56789:;<)=>�?@�ABCD��

���,EF�GH�IJKLM ODI NO89

P;<)  

�3����QR�����STUVE<��W

XY���Q�Z[\]���^CD_Z�)  

�4�����`CEF��9abMcOGH�

defTGH�gIJK34�hi689P;<)

CD�����-�j�kgI^�	_Z�)  

�5���lm>n�o],pqrstulm�

�vwxy��EFz{|�2{}~��)  

�6�������gI������D�_y�

�?������D_����EF���,�2,

��,p�,/0,����,��#�u9���

��_w�m)  

�7�pq��	���\gI�� 14 ¡¢�?

£¤��@�¥]_Z¦�§prst��D_Z�

¨©“@�#ª,	«l+,¬®¯,°±²”�

'(�o��?£¤��@�) 

4.2  0sâ� 

�1���³� 

�\���´F�	���D�lmµ¶��·

¸¹º��»@�¼½¾�·¿À§�?CÁÂÃ�

�?����©²�Ä¼½>ÅÆ�ÇMÄÈ³�²
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É�©²�Ä) 

�2���ÊP 

Ë�Ì	��EF�\Í��´"ÎÏ�^Ð¿

À�	�¸¹º���DTÑ�¿À§pq��Ò

F�Ó������Ô) 

�3�ÕÖ#� 

Ì	����
�EF�×ØÙ�\Í��mÚ

Ûf�ÕÖ#�¾%TÜÝÞ�¥ßàáàÍ�â

ãä�å���¾�¥ß�"æ�YEF�çè��

��EF�é�êë�Hì���í�¥æ�îï)

�Ì���fðO¥ñ�ÕÖ,EFòóÕÖ) 

�4�ôõTÑ 

Ì	��EF��\Í�ö�÷øÎ;<�f�

�Ì	��÷ø��ùq�_w�\Í�����)  

4.3  «�â�  

Z/ú[ÞTB ��÷øûú�ü/¾GEW

pq��	ûú�ü/¾SDH��
�EF��

ýqZ/¾F+þ�û��Ø��Æ)Z/Ù

�Þ�1�TB ��÷øü/¾�2�GEW pq��	
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�ãvíc�)ì�Üiµ��ãvBôcF|u
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?Å�>��TX)fiµ�´Ö�O��ÀÌF

U`a�ðN�kl! 

1.2  ��'� 
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-` �í»G)ã5þ©Ì'§�ò���¸�{
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'(	�)ã��e?F�SdÙ��! 

uU����iµ�f´Ö�O»G*3²

	îX{æò�©ÌN'§�&')²ãÞ4°�

(��>UV[5]��fbGÏ[6]&Ïq)2�Ü�

#�)2ò)è4�»GHGÏ ASP ÐÕègc

�^�[7]�í��E4è«�OÏó)ÐÕiµ�

��´Ö�O
�!�
�N���}�=)¼½

WX]�[kN\�ÊP}�)�O��bÀF

àUÞ]! 

1.3  ¢|�� 

²ãDÜ,-�X��iµ�´Ö�O
��e

©Ì'§�ò��?3²��o���aL&')Þ

4U°�(��>UV��fbGÏ2�Ü�#�)

ðÄ2ò)è4�»GHGÏ ASPÐÕègc�^�

�í��E4è«�OÏó)ÐÕiµ���´Ö�

O
�!�â°ñxÊ5?! 

� ÐÕ ASPò��´J!�X;��e¿f�S

&')�5ÇÆ~î»�¡Üµ?Ü��~�

ÒXÆZg2?ÇÆNvL!f8Ï�Ü�-

ØÜ;��e°ñ�jkl)¾.�ÇÆÒÜ

��´Ö$J2$)dkNÇÆ)è«�¥±

Ü� ASP³�)É± ASPò��! 

� ÐÕ(��>UV´J!uUe®UVX{>

æ���î)r��{(�[�r3[ðÄû

q!�»N�(��ÞÌ�)�����N�

�#)E4Ü�´Ö��b! 

� Õ"j� ASP�ègc�^� �ne!¾l
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Ýç)©Fègc�^�)F4è«�OÏó! 
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2  ÅÆ�qrÇÈ��O[e~ 

²Å�,-iµ�´Ö�O
��´iyj)

äPV�U�
�*�{´i��xÊ)dÏq

�´i)Ã4Uiµ���´Ö�O
��({


�Ñ! 

2.1  -Ô�Á 

CNN-ASPiµ���´Ö�O
�[�f PCú

l¾Ä)èÒJK�Àª��DOS13.0æ�lP²2

� Windows XP �l
�P²!ç[��×W�

NetBeans)ç[���2� Java! 

2.2  �h$<=�� 

112ASPò�� 

�fbGÏ1answer set programming)ASP2�

�.Â�\�Û=�GHÇGyj�2)èf�el

$R�D�GHÇG)¼f�7l�íª#GH]F

12&R)è�,-�.�&��ª#ò��Ó×W!

ASP�ò��Ur�U��?)��É/)^s�u

�:-�))��Ó�ª)���ÓÏ,)R3�ò��

UWXÆZ�I²\�[kN\)Ã��ØÙ^ÅU

ë6�no! 

122ûT� 

ûT���.��¿��.W)ûT?ò��	

��)èÜ�T}�ðÄ�\?���Ýç! 

132ûT�¥� 

ýûT�¥±Ü�� ASPGHÈ��GHi�)

��Ð± ASP³��)�! 

142]Fú 

� ASPò��*èâ�û±�ª)�ÅC�?

C#({ò��
�!è@1�&'	�æò��*

�ò�éÄÜ&' �!ASPò��
�r�Ú�]

F)66Þ]U]F�a>! 

152GISGK«¬ 

���rbiµ��PFÚÛ)f�«¬�

�w~ây§2�Ñ�*cÓ!�¤iµ��¶´

Ö)PCO¾@cÓ�ü	�)dÃ4W)�´ÖÚÛ

o�×tØÙ`a��! 

162CNNÄÅ´J 

(��>UV1convolutional neural network)

CNN2��{o[��v^s��>UV)ð[ñ�

�{i¥)ð.i¥ñ�ÜEn����.?F)�

En�#����.�#�U!�»Ü�#�)�Ý

Ú)è«E4´Ö$Jæ�M�! 

2.3  ij%@A 

������¿�����M	�?�#�)

��?rb�îLþ	)[�XÝPûò��)d¾

��noPEn ASPò��æ CNN´J*)4[�

1��M� ¾���jÓú*Ì4Å)o�b*

EF!²
�´Jr� MySQL ���)����y

j5Ñ 1ÒÓ! 

 

� 1  CNN-ASPYZ�@� 

�þ	æëê³�B� 1! 

	 1  
����� 

�� `� �� ��Ý5 

USER_ID varchar 11 ��U�ef fU� 

USER_NAME varchar 22 ��U�ef �� 

MESSAGE varchar 22 ��U�ef ¬� 

DATE time 30 ����×h Ix 

CH4 float 16 ����� ��×h 

C2H6 float 16 ����� ��×h 

C2H4 float 16 ����� � ×h 

C2H2 float 16 ����� �¡×h 

H2 float 16 ����� ¢××h 

 

2.4  ��é���� !�  

iµ���´Ö�O
�5Ñ 2ÒÓ! 

3  ½ CNN� ASPCÉÊqrÇÈ�� 

3.1  CNN"#Fs���� 

�»Ü��iµ�4 10�Å�¶�´Ö	�)�

�.�ÇÆÜ��´Ö$JX�@XÒiµ)��
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ìu�¿iµ�´ÖÇÆ»�¡Üµ)ì� CNNÜ 

iµ�´Ö$J�E4ð��kN)CNNÄÅ´

J5Ñ 3ÒÓ! 

 

� 3  CNN£¤¥� 

² CNNÄÅ´J��En[?o{(�[ C?o

{r3[ S?v^s[ F�æE4[!�*)rbà

��#�)@1�
�y���î��¨nEn[l

(�[ C@ÞÌRS�)��#)dE4l�#E�

[ S@1�r3[E4��#�ðÄÜ�Ôt)è4

�»v^s[Ü´Ö$JðÄ2$d¨nE4[!E

4[�X 1~n{´Ö$Jû±)ð{´Ö$JWX�

ñ�M�)��{´Ö$J�¶��b! 

3.2  ASP$�%;C¤ 

�»Ü,��ÇÆ�°ñí²ð)Ü�;�

�e [8-10]ðÄ²ð).�;��eY�'¨)dÜ

²ð4�;��ÇÆ2$)è4°� ASP ³�Ü

2$4�ÏóðÄÝç!ASP ò���2³�5

?ÒÓ�  

R1:Nor_Old:-CHa(X), CHb(Y), CHc(Z), X=0,  

Y=0,  Z=0. 

R2:Par_discharge:-CHa(X), CHb(Y), CHc(Z), X=0,  

Y=1, Z=0. 

R3:Low_Temp(0, 150):-CHa(X), CHb(Y), CHc(Z),  

X=0, Y=0, Z=1. 

R4:Low_Temp(150, 300):-CHa(X), CHb(Y), CHc(Z), 

X=0, Y=2, Z=0. 

R5:Mid_Temp(300, 700):-CHa(X), CHb(Y), CHc(Z), 

X=0, Y=2, Z=1. 

) 

ASPò��WX�ÛZ�[kN\)5XQ�ª

î�ª�n)��²i
�´J)��Ô
�*�

nQ�³��[!°ñ��)ÇÆ 0-1-1[11]Òf�	î

~���{�Ù~�)ëÊ�4�&,ÇÆ~��´

Ö$J!�»åb6���ü��)¾ýÇÆ 0-1-0

��&,� 4 {	îÇÆ�f�{;HÑ³*)5

Ñ 4ÒÓ! 
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� 4  «2 011�¬x� " 

�Ñ 4 *[�ùKP��)íÇÆ 011 &,�

4{ÇÆu 111?010?001?012)´Ö$J2�u�

*��?����?�»»ã<150°?]»»ã)�Ç

Æ 011ÒÜ��´Ö$J[}uR 4.*��.!�

�[�ÐÕ ASP³�� 

L1�Elec_arc_discharge:-CHa(X), CHb(Y), CHc(Z), 

X=0, Y=1, Z=1l 

L2�Par_discharge:-CHa(X), CHb(Y), CHc(Z), X=0, 

Y=1, Z=1l 

L3�Low_Temp(0,150): -CHa(X), CHb(Y), CHc(Z), 

X=0, Y=1, Z=1l 

L4�High_Temp(higher700):-CHa(X),CHb(Y), CHc(Z), 

X=0,Y=1, Z=1 

�»åb�ü��)d ��#�)Ò-8�)

����â)4.´Ö$J�wÌ 10û)�»[¹µ

I:��2òdV�R 4.´Ö$J*��#�)�

�]î¿f¢=��
)5Ñ 5ÒÓ! 

�RS��*[�������´Ö*+���

-àU+,8��� 80%�l)¼����)��

�Û�)�* C2H2���f 3%�?l]»»ã´Ö

*�X6�� C2H4)-+,8��� 45%�l½ CH4

���6� H2���l�»»ã* H2� CH4���

]�-+,8��� 50%�l)½z.�)��&p

f 7%�xlÂÇÆu 011 �)*�lç�#�u�

*��´Ö!��)[��,��*j��?³�� 

Par_discharge:-Hydrogen(H), Acetylene(A), H.80, 

A<3l 

High_Temp(higher700):-Ethylene(E),Hydrogen(H),

Methane(M),E>45,M>Hl 

Low_Temp(0,150):-Sum(Q,H,M),Q=H+M,Q>50,P=

H-M,P>0,P<7l 

Elec_arc_discharge:-not Par_discharge,not High_ 

Temp(higher700),not Low_Temp(0,150) 

�,��*�³�[�I²u� 

L1� Elec_arc_discharge:-CHa(X),CHb(Y),CHc(Z), 

X=0,Y=1, Z=1, not Par_discharge, not High_ Temp 

(higher700), not Low_Temp(0,150)l 
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L2�Par_discharge:-CHa(X),CHb(Y),CHc(Z), X=0, 

Y=1, Z=1, Hydrogen(H),Acetylene(A),H.80,A<3l 

L3�Low_Temp(0,150):-CHa(X),CHb(Y),CHc(Z),X=0, 

Y=1, Z=1, Sum(Q,H,M),Q=H+M,Q>50,P=H-M, P>0, P<7l 

L4�High_Temp (higher700): -CHa(X), CHb(Y), 

CHc(Z), X=0, Y=1, Z=1, Ethylene(E), Hydrogen(H), 

Methane(M), E>45,M>H 

I²'4�³��[�nò��*! 

3.3  CNN-ASP;%]&«'Ë 

CNN  ASP Ü�iµ�´Ö�OF4��OÏ

óÔÔNÅ�.)�e��W)��OÏó!DÜ�

&')yj�.j� ASP�ègc�^� �ne!

ú91��n�OF4�ÏóÅÕ"'v N'vE

Z �)d4r�GHGÏ ASPÜ�ðÄÇÆÝç)

[©Fègc�^�! 

3.3.1  )*+, 

��ASP �F4��OÏóbq B={b1, b2)), 

bn})CNN �F4��OÏóbq S={s1,s2,), sm})

ð{ASP�OÏó�}åí^��{CNN�OÏó)

�3ð{ CNN�OÏóÀ�}��{ ASP�OÏó

ðÄ^�)�nyL%�ò½m�6r2�uÜnÕ

"�{EZ�Ï)1�RSEZ�
3à�{èg�

c�^�Ü M={<bi,sj>}) �ne�^�àè�ô

�´Ö$J! 

3.3.2  -./012 

ASP �OÏóÜ CNN �OÏó�ö÷�ð{

ASP�OÏóñX�û��³�)CNN�OÏóÃ

RS��³�Þ�&��³��)ASP �OÏóL

%��³��âG>2��N��Mâ!1�R

S�þ)ASP �OÏó biÜ CNN �OÏó sj��

ò½m�6ru� 

 

, ,

0, , 1

bi

bi

ij ci cj

c C

ci bi ci

c C

s w i B j S

w c C w

γ
∈

∈

= ∀ ∈ ∀ ∈

∀ ∈ =

∑

∑�
 �1� 

�*)Cbiu ASP�OÏó���³�)γcju CNN�

OÏóÞ����³��)wciu ASP �OÏó2�

Ã CNN�OÏó��³��\�Mâ)siju ASP�

OÏó biÜ CNN�OÏó sj��ò½m�! 

CNN�OÏóÜASP�OÏó�ö÷�ð{CNN

�OÏóñX�û��³�)ASP �OÏóÃRS��

³�Þ�&��³��)CNN �OÏóL%��³��

âG>2��N��Mâ!1�RS�þ)CNN�O

Ïó sjÜASP�OÏó bi��ò½m�6ru� 

 

, ,

0, , 1

sj

ji cj ci

c C

cj sj cj

c Csj

b w j S i B

w c C w

η
∈

∈

= ∀ ∈ ∀ ∈

∀ ∈ =

∑

∑�

 �2� 

�*)Csju CNN�OÏó���³�)ηciu ASP�

OÏóÞ����³��)wcju CNN �OÏó2�

Ã ASP�OÏó��³��\�Mâ!bjiu CNN�

OÏó sjÜ ASP�OÏó bi��ò½m�! 

1�/112�/122Õ"5?«q��� 
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,
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CNN

ASP     
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s s s

b s b s b s b
A

b s b s b s b

b s b s b s b

⎛ ⎞= ⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟⎜ ⎟
⎝ ⎠

�

�

�

� � � � �

�

������������� ����

����

 �3� 

ð{ ASP�OÏó� CNN�OÏó¾«q��

*��ò½m��6àr�Ï)É±�XÏÜ�;u

'vEZ �)�èg^�Ïó! 

3.3.3  �������	 

å5)�iµ�uü
��4�ü)ÞÓX´Ö

�¶!×tØÙCrbà���)��5Ñ 6ÒÓ! 

 

� 6  ������	
 

CNN2òF4�OÏób B={����140%2)

]»»ã125%2)�*��110%2)�»»ã125%2}l

ASP ò��2òF4�OÏób S={����)]»

»ã)�*��)�»»ã}!�»2ò�Ô�ü��)

uð�{�OÏóyÛM�)d4ÐÕ�ò½m��

�F4«q��)B� 2! 

� 2  ���� Ab,s 

CNN 

ASP 

1 2 3 4 

1 4.10,3.55 3.15,2.65 2.75,3.00 4.25,2.85 

2 3.85,2.90 3.80,2.80 2.40,3.30 4.10,2.35 

3 3.00,3.70 3.60,3.10 3.10,3.60 4.30,3.30 

4 3.20,3.25 4.15,3.15 3.40,2.55 3.90,3.15 
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�[¹µÑ[�¸�Cà)	->v�f 3�l)
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��y�u´Ö$Ju����)>×tØÙ��)

T�´Ö$J�Tu����!´-�è«E4Ïó
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µ�´Ö�O*���ðÄU(�°ñ!r�U CNN

í ASPz.ne&Ïq���iµ�´Ö�One)
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�)ê��Uò�]Fíò��Óf�O»G*�e

Á>���&'!�» ASPGÏÐÕègc�^��

�)E4èg^�Ïó!�gh5?! 

� ë=���\!N������iµ�´Ö�O)

�3�����
��â�ª�´Ö�O! 

� OZ�[kN\!ASP ò��WXOZ�[k

N\)ÂXQ�ªî�ª�n�)��âQÐ

Õ�X´J)���nQ� ASP³��[! 

� ÊP\]!r�j� CNN í ASP ���´Ö

�One)y�U�ne�N�)gçf�{

ne°Ý�*+?
�l[%ï¾Ä! 

j� CNNí ASP�iµ���´Ö�One¾

Ø×�>UVíò��Ó�ò�]F&Ïq)f��
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_`gH'°�D�¬ûR XX®[�6o
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� Web servicesm\ªWeb servicesm\����

RFIDÏZ&U²U²de_`�UJ3øù

H'Web services6�}ûRF RFIDÏZ&DH 
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����)�Ò)<JfUH 

5  ��� 

�� RFID �J3øùH'��(�� RFID b

c�+�cUv�H'�5TU RFID bcÀ9+

ù�°-x@äåH'���6J32�øù��

-J3øùH'@µ���g�����Fi+ä

å-H'äå�i��C���à�HJ3øùH'

��ØQØSJ3øù-� �zixS�J3�

�@µ)�ç��øù�¹�fJ3øù�äå8)

6·8p~�D�©�H 

����� 

[1] +,-. .�()ST���&'2�][J]. QR/()2�], 

2011, 30(9): 96-98. 

[2] �01. RFID�H��29234?[M]. 56: `7�:ô;8, 

2010. 

[3] Î9:, �;�, <<, ´. RFID ()�=Ý3�>?��][J]. 

�@A�I½, 2012, 33(5): 50-52. 

[4] BvC, D�|. 	
 RFID ()�34/()ST��[J]. Ed

0F�], 2010, 26(5): 47-49. 

[5] G�H. IJáKÆ 2CD[M]. 56: `7�:ô;8é2008.

 

 

 



人
民
邮
电
出
版
社
出
版

2018�������	
�� 

172 
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;< CAxÓÐ¢´�$C��� RSAÍG,(ÏËÐÑ(Ò,23�Ê*Ô/���1�����½�¾¿`
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ßàx½�áâx
È<�,�Ç´ãäå_l 

���sRSAÍGm(ÏËmÐÑ(Òm23�Ê 
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è�U²��\_�65gü9�&Â�5{=

65g UKey{fU7�\�·�&Â�5{ûRH 
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2  RSA)* 

2.1  *hijk RSA 

RSA� 1977iVª«¬·W®,�Ron Rivest�)

¯°·±²³�Adi Shamir��´«¬·¯¬µ�Leonard 

Adleman���QR������PÆ�õ8��

,��S RSAIJ�d��Hõ¥Ú������

�PÆ�õ8¶·�RSAIJ¶d�H¸=@%�

F�â9:õ8Æ��IJ¹ºU RSA�&�äå
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&�äåijD��·�¾8�H 

2.2  RSAjklmnom 

RSAIJ��â<�ßIJ¿Ve\�NE�

��\�ND�Õ0~ m 9Àå�W©äå¥

�W©äåû`���ÞKÄ���U�@ MD5)

SHA1 ÅIJ��ùGF�Á�29 h(m)xÂÃr

<x��N�`LH 

�1��\<x�`L 
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��{&\��è��¢�����)&\H¥éP
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¥âþJÍ�ß99¬( threshold)JHÖ
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Ò��?Üç&\�è�7Õ� t �U²�08Õ
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Iy��}H&\õÙþß�àV Shamir� Blakley

QRxt�ÂÃ�m Shamir&\õÙþßH 

g Shamir(t,n)9¬á&õËþß{, dä{âW
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3.3  RSA������� 

|} Shamir &\õÙ�þß�� RSAIJ�

WùP4�rþß	
SÒ	��(t,n)�&\õ

Ùþß~( nt = HRSA IJ�e\�e¨��\

�M&�xo���\ D	
õÙH 

è¸~�\ D=d1+d2|}� 2é{ RSA<x

`L� 

êS = (h(m))D mod N = (h(m))(d1+d2) mod N � 

ë2 Z1= (h(m))d1Z2= (h(m))d2 � 

ì|} modðI�õ¶í� 

îS=((Z1 mod N) * (Z2 mod N)) mod N � 

ï2 S1=Z1 mod NS2=Z2 mod N� 

ðS=(S1*S2) mod NdeRn�îIR S1�

S2AdGR�¢�<x�} S� 

ñr{ S1=Z1 mod N= (h(m))d1 mod NS2=Z2 mod 

N=(h(m))d2 mod N� 

òÝ S1== (h(m))d1 mod NS2=(h(m))d2 mod N� 

óVD=d1+d2±� S1� S2deõ�îIRZH 

|}eD¿Às D=d1+d2+Údi�ôde	


D/¿ÀË0&\�õÙõ�îI<x�õ¾�
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5.2  RSA�������� 
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RSA��è&�H 

6  �	
 

P4|}smi�¡�c�£S��U²��f

UÏ&g�ù�
7�)<�½e��Åo��*U

E'� UKey	
�Ü<x�þ 6g��¢	
Sõ

ö2|} RSAIJ�ixWù�õÄ &\õÙ�&

��� CA)�&&ÅQRS�� RSAIJ�õÄ

 &\õÙ��Ü<xþßçÓU@µØ8�Si�

¡�c¢¢)Ï&ÓUÅgÊq|N)�Ü<xþ��

�è�)AK�Å��PU²EZSþAHaþßd

eÓUF��)i�Y )½e���<�Å�ÅUvH 

����� 

[1] SHAMIR A. How to share a secret[J]. Communications of the ACM, 

1979, 22(11): 612–613. 

[2] DESMEDT Y, FRANKEL Y. Threshold cryptosystems[C].//Advances 

in Cryptology—CRYPTO '89 Proceedings. Springer. 

[3] REITER M K, FRANKLIN M K, LACY J B, et al. The Ω key 

management service[C]//Proceedings of the 3rd ACM Conference. 

ACM Press. 

[4] ���, ���. RSA���������[J]. ������ !, 

2006, 28(9):13-14. 

[5] "#$ , %&' , ()*. +,-./0012345/6

78[J]. �����, 2016, 42(1):145-149. 

 



人
民
邮
电
出
版
社
出
版

2018�������	
�� 

176 

�� RTDS �����	
�� 

������������ 

���
1
����

2
 

�1. �������	
����� �� 510700�2. ������������ �� 515000� 

���������� RTDS �	
������������	
�������������	
��

�� !"#��$%�&'(��)*+,-./0,-1�	
 !"#�23���45�67�	
�

��� !"#��89:;< 

����RTDS=������=	
��=23�� 

 

1  �� 

�������	
�����������

������������� �!"#��$

%&��'�()*+��'�(,-*./01

23��43���356789[1]�:;<=�

>?@ABCD� GOOSE EFGHIJKL&M

NO�PQRSDTUVWXYVZ�H�[\]

589^'3_`XY5a�:;*.bcd"e

bcfghij�k�lm��'�(,-*.n

�bc5op+ 

qr DSPsdigital signal processing�12tu

vwx67�yz{67�|Mvw67^12}

~675��}~��sreal time digital simulator�

RTDSx�qr������5�12��}~�

�����R�^}~��h�`}~�����

5���[2-3]+� RTDS!���)��'�(12

�wbc��������5'�(�-� ¡�

5q¢£�¤�}~�¥� 5¦M8n�§¨j

©ª«¬j©���*.:;n��®¯n^®

°n[4]�!��'�(a�:;*.67Y±²³

´µ¶·¸¹�0 ´º��'�(a�:;��

²»^¦M¼�+ 

2  �����	
���� 

��'�(1R}~bc��½¾¿��'�(

��,-�À¡�Á)�ÂÃÄ	nebcÅÆn�

Ç½Èbª«^*.�É589�½/0�Ê5Ë

Ìn^ÍÎn+ 

2.1  � !"#$ 

Ïr RTDSqr����}~67�ÐÑ�}~

YRÒÓÔÕ{ÖsRACKxyz�¥5×²�Ø�

�'�(a�:;12}~bc��ÙpÚ§*.5

:;n��®¯Ûn^®°n�ÜVWÝÞ5 RTDS

ßàáâã0j©:;��5bc[5-6]+��� 220 kV

�-� R�!äsåæ 1ãçx��-R�VWèé

êëê�H�2 ìíêî5ïêðñ I é�òêðñ

II é��îòêjóbc:;�ÙpWrRSêôõ

ö÷øù2 �Ù'VW�úû'üý���ðñ I é

þ�ü�ó�¦M�� 1�Ù'��¦M��RS'

üý^½�Q[7]+220 kV�-� R�¶1�¶¿�

���:;��n�Ú§Úb�� �*�+ 

 

� 1  220 kV������	
� 

2.2  % !"&' 

bc��Ï RTDSs�	ö*
�x�12��

�ý�P°{�êô:;���éê:;���Ù'

:;�������A���åæ 2ãç+�bc�



人
民
邮
电
出
版
社
出
版

2018�������	
�� 

177 
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4.4  ���� 

±ä5<åãämn 2+ 

� 2  ������	 

 i1 i2 i3 i4 j1 j2 

i2 0.96      

i3 0.96 7.36     

i4 0.96 7.36 8.46    

j1 0.59 3.24 3.24 4.34   

j2 0.59 4.28 4.80 5.38 1.19  

j3 0.00 4.43 4.43 6.85 1.19 2.23 
 

/¹8 3.4 <5z)��<å�&M¯��|Y

�<åz)ô.~ú�ô.½��mn 3+ 

� 3  
�� 

�� �� ���	/km �
�� 

1 i3-i4 8.46 5 

2 i2-i3 7.36 6 

3 i2-i4 7.36  

4 i4-j3 6.85 4 

5 i4-j2 5.38  

6 i3-j2 4.80  

7 i3-j3 4.43  

8 i2-j3 4.43  

9 i4-j1 4.34  

10 i2-j2 4.28 7 

11 i3-j1 3.24  

12 i2-j1 3.24  

13 j2-j3 2.23 3 

14 j1-j2 1.19 2,8 

15 j1-j3 1.19  

16 i1-i2 0.96  

17 i1-i3 0.96  

18 i1-i4 0.96  

19 i1-j1 0.59 1 

20 i1-j2 0.59  

21 i1-j3 0.00  
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` FIBG Cu/Siª«¬'®¯°+±²��� TSV,¤¥¦§³´µ��e¶D·¸�>¹Q?¨º©»¼

G½CD�Cu¾¿l1ÀÁÂ�+Ã0 TSV���EBSD»¼º©G½ÄÅ�CuÆÇ��,¤¥¦§?¨©0

DÈÄÁÂj�£ ¡É«Ê¹�CD Cu/Siª«Ë,ÌÍNÎDÏj�, TSV ¡ÍÐÑÒÊ±²ÓRÔÕ

CuÆÇ�ÖÆÇ¯Â�ÍÐ×ØÙÚÛÜ���GÍÐÝÞßÓ�àá|`Q 

����¤¥¦§jTSV��ejFIB !jÍÐ×Ø 
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�ÄÈ Cu4Wc;<=ì�Ä¿ SiO2@A;TiÀ

Î³	´aN�9;� Cu< SiO2pZ	>?ì
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2  ���� 

WXS�(s¾ÚÒ)thg 56	&./0E
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�L 3 µm{	<=ì SiO2�ã¿^|h� Cu;ÕK
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+P��Yq»�T�U�zBT�UõgZ¹
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�A�ÚGHBg Cu/Si �AIª�ÍãbÎhi"
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µelectron back-scattered diffraction¶EF�� TSVÞ

Z,´< Cu/o56,´B 
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� 1/�-T�Uwq TSV�A	,´B1
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����Cu4Si³G@BÞe�o]�AÊ�ÚBTSV

� 300VWT�Uõgq1� 1µb¶���TSV�

Ay=���Cu4Si³G@B
=�Ú��Úy=	
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� 1  ÄÅÆÇÂÃ TSVÈÉ%Êi 

� 2/�-T�Uwq TSV�A	,´B1

� 2µa¶���gT�U�gw�TSV 	�A

Cu4Si ³G@BÞe�o]�AÊ�Ú�Cu �Eé
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 1  ������ 

ÚÛ 
CTE/

¾ppm·K
−1¿ 

?ÜÝÞ/GPa ßàá 

Cu 17 110 0.35 

Si 2.3 130 0.28 

SiO2 0.5 71 0.16 

BCB 40 3 0.34 

Ti 8.6 116 0.3 

Ta 6.8 186 0.34 
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þlLÅ�·¹	�ðÛ=�¿�����hK 

�/¢Æ´��¾	�·¹c"���.�ßæ��

k)fà:º��Wn¸�í;���¢êÀ@�*

Vc\]À�bLBNarasimhanc.[7-8]S��i½~

�	QÖ±¥�g�úÜ�oÒ	rHé����·

¹��fà�^ÈObBGallen c.[9-10]¿�Ç�

l~��¹	@h��ÐyR~`ë�KU���·

¹�M@h&~�ò�%´µõd¾¿NB�áöc

.[11]����Ü�rHé~��ð�¹$ÐyR~

`ë3`�þ�-R¿~�TT	Å~��·¹��

@h�«:º�¹¼s$�·¹sË	3`¤��

��·¹B�\Xc.[12-14]þ�-�G�Pk)	¸

8±¤�"Üfà@h�§¿ë¹��<�Ú,½è

��¢��oY$�õ����� HSVµhue, 

saturation, value¶��YZ	R��@����¼s

ÁÑ�ü�`!k)�¼sþldeq�§¿ SVM

µsupport vector machine��GÁÑ�¶�/c�/�

c"�ùGfà@h	¹�ínèB 

WX�(¹abEF¾¿PÐ��·¹`Ü�S

�Ý¸8±¤k)¢ð��ðëì�¢ã¿ü¾?

½	�·¹�	õàëìü�ðK º³�Årü

�	
��*+,-./×�01234�ÜCÝ�ÞNo.BJG201707ß 
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Ý	k)WK ëìßã�V�LÅËÌ4rZ

�	�·¹�ðWëìÝ��PMëìÝS�(¹

abZÐ�`Ü¤��õggLM@h�2ÈP*

fà<��Ð��·¹c"B 

2  JK �� 

2.1  UVW7 

:w��f¸8±¤Èë��¢ð��À���

g¸8�¯4¸8�+¯��×�4~�¤�cã�

�-zPº W	¹�N�À��l- 42�LÅí

æ�¢]:* 50 mhÈ�·¹�	¢ð�k)�

�L¢ð�Ý	Ð��ð<�·¹�à�	ëì�

G�%B¢ð�k)�ëì���f¤ó�e©tz

îÇ��� 10 min�v���ð�¢K �·¹ë¾4

rZ4*½c !	º ����º 	�.;��

W<à�WB 

2.2  UVXYZ[ 

2.2.1  QRSTUVW 

�ðå�´ÝS��`!,½��Sã�	õÏ

�ðÆ½��¾	u�º¹V¥BWXz§¿ PIL

µpython imaging library��ðã�º¹X¶üÝ	

Ð��ðÇ¥K å�´��pw BMP < JPG Ç¥

	�ðR�Æ´� JPGÇ¥�gõgO�z�¼sÓ

�ðå�´� 320dpi×320dpið�	�ðB 

2.2.2  QRXYZ[\] 

þlå�´q	���ðz	�¹ !�Þe

HSV��YZ 3��Ñ	Ê3N��P HSV YZ�

��ðã��h���ð	��¾� RGBµred, green, 

blue¶YZÆ½� HSVYZ�e�ÞeÛ=þl4�

�=w<��e¢	@h�õ����ð	ã�BHSV

�@�ÉÐ	¼½4Ý�` nq/�üI��ð�

�ô�EÐ�{e�`Rá¿VÛ\]	 BÕ�

§¿ HSV¤�< RGB¤�Z	Æ½�{õ��ðã

�ô�B+¤k)�ð RGB ����1� 1 ���

+¤k)�ð HSV��YZ,½1� 2��B 

 

� 1  urvw�x RGBy8©ª 

 

� 2  urvw�x HSV_y��Êz 

2.2.3  ^_`aWbc 

�ðBÑÝü�!�ðk"Ã@	Àlû�<ë

ì´	�lû�BWXü�.BÑ	V�ÞeÀlû

�<�lû�B�z�Àlû�©jà�ð�üPº

¹�ðg.#k"`Rzy=ö�	�¹B�lû�

��� 9�ûà�¹¨$~4��¹4��4BÃ4

%&4ý�'4ë~§4ü,<úðB�P+¤¢ð

��ã\]�´�ñE(Z~¼L��k)�ðê

À����4¤)4Í*<$~L�c-.�WXþ

�-�BÑ�ð	45�¢S��ì���¤�K 

+��,B���ð$�BÑ�ð�Ê1� 3��B

Wj�´+���1� 4��B 

 

¾a¿{°�x                 ¾b¿|}Þ�x 

� 3  {°�x9|}Þ�x�~ 

 

� 4  Ð"��i���� 

2.3  \]3^_`aL 

Ð�`Ü¤�	Z�� 3�����Ü�Ð�

�·¹c"�/©ÁÑ´ã�4¤�Z4¤��B

�z�Ð��·¹c"�/©ÁÑ´ã��¤�ëì

	ßã�����Ð��.ëì�¹�¿©�/q�

��.Æ½�{s-�. !	�NÁÑB¤�Z

¿ VGG16 ����èZÐ�`Ü¤�B¤��
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zã¿C�ë¹éçµstochastic gradient descent�

SGD¶�hèK �B 

2.3.1  0d�efghijklmWno 

�PÙo<(.�ð�ÜnÐ��-þ^`ÜN

��Wé«¬�ì�.	�õGHZ-Ùo<(.

³�ëìÝBÙoÐ��·¹c"�� 4 �"Ü

µ0~200 m4200~500 m4500~1 000 m< 1 000 mE¶

�Üü¾ 1~4"�U(.Ð��·¹c"��� 3�

"Üµ500 mé4500~1 000 m< 1 000 mE¶[15-16]�

�Üü¾ 1~3"�¢�ì�·¹�	ë¾<rZ��

Ý�3	�ðëìå/�ÙoÐ��·¹c"W

<(.Ð��·¹c"W�V�WvU	ëìÝ�

¢ã¿C��l	@¥��W���Ý<à�Ý�

¿P¤�	�<ûüB 

�Ý¢+�q	Ð��ðS�/q0,½�Æ

´��NHFÁÑB�@hjK�Ý nÈP	�ð

,½EFp��e{1u�ð	ôí2B�P/q0

,½ÁÑHF�	¸�N�S�À����µprincipal 

component analysis�PCA¶K ç�ã�B�Â�Ã

Þeã¿345;�s©HF��S����6¹c

"��è�s�ðª�B�NHFÁÑ�s-ØI�

ð	 !B 

2.3.2  pqrs 

WX¿+K	 VGG16 ����;�Ð�`Ü

¤��1� 6���"ã¿ 15ì����ì��zÈ

13�7`ì< 2��
Çì�¤�Éq� soft-maxì

æ½� SVM ;��/c�K��þ¸-Ð�c"�

/¹�íB 

8�P TensorFlow	(¹ab\]���

WXzvU	�l?�·¹c"é	Ð��ðW�

1�7`����µconvolutional neural network�

CNN¶�ã¿ ReLUµrectified linear unit�ÉNI�$

ë¶;�}>$ë��´ìã¿	ÝÁé

µMaxPooling¶B¤�I
Z��1é¨ 

Ð�WÖ�97`(Conv2d)97`(Conv2d)9

�´(MaxPooling)9 

7`(Conv2d)97`(Conv2d)97`(Conv2d)9

�´(MaxPooling)9 

7`(Conv2d)97`(Conv2d)97`(Conv2d)9

�´(MaxPooling)9 

7`(Conv2d)97`(Conv2d)97`(Conv2d)9

�´(MaxPooling)9 

 

� 1  x�n�1���1:�ÝO 

�ýÇì(Dense)9�ýÇì(Dense)9SVM9�

·¹c"Ö�B 

2.3.3  (tpq 

���z�ã¿ SGD�h�M�h7e���

³��$ë¨ 

 

2

1

1
J( ) [ (x ) y ]

2

m

i i

i

h
m

θθ
=

= −∑  µ1¶ 

�z� ( )J θ Ý��$ë�m����K �l	
Wë�1"¿ SGDK ��:��C�l�¬

W�m=1;1"Ý;ã��� mcP���l;��

W	ëÑB�Ý÷ë�ü¾¥µ2¶	�1<�2B

��-�1<�2�h(�)	�ö¥4�è-¨ 

 

1 2
( )

j i
h xθ θ θ θ= = +∑  µ2¶ 

:ºÝ���$ë J(θ)	¾É7��ìë¹éç

h�7e�¿ J(θ)ü θ�<$¨ 

 

1

( ) 1
( ) ]

m
i

i i j

ij

J
h x y x

m

σ θ θ
σθ =

= −∑  µ3¶ 

À��É7´��$ë��÷ë θ»�;ë¹

@Áèö£¨ 

 

11
( ( ))

i
i i i

j j

m

y h x x
m

θθ θ α
=

′ = − −∑  µ4¶ 

�����O����W	 Loss�»¼�³	

abí#ë¹	s@Áö£÷ë��qM���=�

È	W�Ø���	��B��ÑÐÐÕ}���

8¹Ø{��bÐ	þ^B 

3  ������ 

3.1  ���� 

à 2017+ 10! 98� 2018+ 3! 318�S�

EF¤�«	`Ü`Rü¸8±¤Ý	 42 �¢

ð�K �ðÝ$`Ü�_�Ý* 58¼>�ð�
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�zÈPº �·¹ëìL 40¼>��l-º È�

·¹¾	 155 251>WK Ð�`ÜÞ"��B»

¼(¹ab ¡�g���Ý4gLÝ<à�Ý»

¼ 6:2:2è�lWB 

1� 6���155 251>Wz�931 501>W

�¤��Ýëì�31 050>W�¤�gLÝëì�

31 050>W�¤�à�ÝëìB 

 

� 2  ���� 

3.2  ���	 

WX¿Í?@Aµconfusion matrix¶[17]@h�

S� ROCµreceiver operating characteristic�@�

N:;¼s¶BÉ	¤�û�@h�üÐ�`Ü¤

�	R�`Ü�ðÐ�c"K R����fgÐ

�ª�¤�	��`Üí<�ö`ÜíBÍ?@A

x��{�N�ÇjÝ�ö@ABeÝ�G¼³	

@A¿è���hN�	{k´P"�S9Ýõ�

abB 

ROC BÉ	¤�û�@hÝ�õÊ���/

µpositive¶j;/µnegative¶�s-ÂÃ¹<¼�

¹ýH,Ñ	�e©º�¿;�h��³¹pZ	

3`B 

� 3 ����� ROC BÉ�CD��;�/í

µfalse positive rate�FPR¶¼�¹�»�õÊz�È;

Êü�È;Ê	 Êµ1�Specificity¶BED����

/íµtrue positive rate�TPR¶%Â¹�¿è��

Sensitivityµ�/jFí¶B 

� 3 zõÉ� ROC BÉ�ÉE��½ü¾��

G¾BFPRáÐ�ßà�/zõd;/á�BTPRá

Ð�ßà�/zõd�/á�B�G¤�	:º�¨

TPR=1�FPR=0�â�z(0,1)½�Q ROCBÉá¥H

(0,1)½�á<Ú 45 ¹üIÉáã�Sensitivity4

SpecificityáÐP"áãB 

WXS�E³�û��¹èüÐ�`Ü¤�	

P"K û�<fgBS�û�Þ"�Þe¤�	÷

ë±I�{L�K ¤�	�´þ¸¤�	`Ü

¹�íBÅr�Mû�@hÃ�þ�.:Þ�ëìk

�JA�fÞ�9ËÌ`Ü-.�S�{k´	���

K��þ^±÷	Pí�zPqHðñ�/W�

���´Ð�`Ü¤�B 

 

� 3  ROC�� 

3.3  
������ 

µ1¶�W45 

��µtrue positive�TP¶̈ j¤�ßà��	�

W�{�;V���	��íB 

�;µtrue negative�TN¶̈ j¤�ßà�;	;

W�{�;V��í	��íB 

í�µfalse positive�FP¶j¤�ßà��	;

W�{�;ö¦íB 

í;µfalse negative�FN¶j¤�ßà�;	�

W�{�;'¦íB 

j�í4¹�í¨Accuracy= (TP+TN) / (TP+TN+ 

FN+FP) 

j¹í4Þ¹í¨Precision=TP/(TP+FP) 

ÌKí4Þ�í¨Recall=TP/(TP+FN) 

µ2¶`Üí�� 

� 1	CÁ��	ÝõdÐ�c"WGH�E

Á��Ð�c"`ÜÞ"GH�Ê1Ð��·¹�c

" 1µÐP 1 000 m¶	W"�È 146 228���z

��`Üë� 113 961��È 32 267Wjö`Ü�

c" 2µ500~1 000 m¶B¤����	�·¹c"$

�·¹�fà	�·¹c"�%r�K�Ý¹�`ÜB

g� 1z	üIÉE	ë¾��?c"Ð��·¹`

Ü¹�	WëB 

S���Ð��·¹c"`Ü	 TP4FN4FP4

TN 	¾µ·� 2¶��ì±¥{�Ü���¤�`Ü

	j¹í Precision � 99.91%�ÌKí Recall �

77.93%�I
`Ü	¹�í Acc� 78.02%B 
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� 1  ������	
���� 

	
�

� 

��� 

�� 

1 2 3 4 

1 113 961 32 267 0 0 146 228 

2 0 2 450 493 0 2 943 

3 57 0 1 818 0 1 875 

4 50 1 223 35 2 897 4 205 

�� 114 068 35 940 2 346 2 897 155 251 

 

� 2  ����	
���� 

��� ��� 

TP 113961 

FN 32267 

FP 107 

TN 8916 

Precision=TP/(TP+FP) 99.91% 

Recall=TP/(TP+FN) 77.93% 

Acc=(TP+TN)/(TP+FN+FP+TN) 78.02% 

 

3.3.1  �������	
 

¾üÝ	 42�?½¢ð��ã¿Ð�`Ü¤�

K fà���&v`Üíg 78.02%E��zÈ

14�?½`Üíg 90%E�È 21�?½`Üíg

80%E�1� 4��B 

 

� 4  ���������� 

3.3.2  �������	
 

1� 5�����o?r�	`Üíè��rZ

�^g 6 r~17 r�Ð�`Ü¹�ín¸�ûg&v

`Üíµ78.02%¶E���r��P@~¼Ð¹	

¡¢�`ÜínèBÐ�`Ü`RüPÙo\]é	

`Üí� 85.4%�üÍ(	`Ü�P@~Ð4+¤¬

£§~cÀ�¡¢`Üí� 69.7%B 

 

� 5  ���������� 

4  �	
 

WXÝS��ðèõà`ÜÐ��U`ÜÐ�	

>îÝÐ�`Üª�¤�	Z�À�1ÛZ¹�

¹¸4º¾A]<�P�ð	Ð�`Üª�¤���

�¿äüÐ�`Ü¡×�����WX��iÙ	7

�-.3M½B�?�·¹c"`Üí���Ð�`

Ü¤�gc" 3µ200~500 m¶	`Üín¸��o	

&v`Üíö� 97%Bg?�·¹c"é	ÙoÍ(

Ð�`Üz�Ùo`Üí&vg 85.4%E�U.E

	&v`Üí� 69.7%BMÞ"�W���+¤¢ð

�e�õàÐ�c"��B 

qH:;z��S�MEF«Ð�c"`Ü<

õà�×`R�¿P¸8±¤yª�×j¸8±¤Y

�4Ò���	õr�·¹e�õà¡×zBCDk

)�ðÝ	ðñ��@AL���¸4º ¹��

ðlHh�WXz����;
�@A�üP(

.�.�¿(¹abEFá%�uln���	

�.�ZöÐ	WX�«ö¸j¹`Ü¤��

K��þ¸¤�	`ÜP"B 
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3  ���������������� 

3.1  !"#$ 

�_O�^?z(T�PY�`R� 4 ��¬

�¨Ýì4Y�ì4abì<¾¿ì�1� 1��B

�zÝìíP(T�¯ã�¿PÝ4`Ü�ËV

:.�	A�¼s;Y�ì;�Y�<Ðëìzî�

¿PvÔ.¨£�	ëì;abìíP(T�P�g

íæ�¿Pab(T�2º4×e4¦óc�¦;¾

¿ìíP���abÌÍ�S�5H`Rx£S �

�4�Pã¿��4ëìvÔ��B 

3.2  ��%&'( 
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�� FCM 0.2377 0.2033 2.8528 0.0053 
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� 3  ������	
�� 
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�� �	
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�� 
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ÂhR EAP-request/AKA-reauthentication Ad�»
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=r>peer Âô0�êAd��L< AT_MAC p

counterÜ���Ò¥OAX�a�müufg���

� identity�Í server �Î EAP-response/ AKA- 
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AT_COUNTER,AT_MAC, - @ AT_COUNTER 5

serverÂüò�counterbXÒ�serverÂSTAT_MAC

5 counter�Ð�����ufg����«�= peer

ÂhR EAP-Success> 

� peer Â"L< server Â7��Ad request/ 

AKA-reauthentication@� counter4�¥�B counter

cde�¸ufg���¥��� counterb�Z peer
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��������� K_encr�K_aut� 
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� z� AT_PADDINGsb� 00|��·�\�

Plaintext�� 16 byte�G³{? 
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4  ��� 

EAP ,·q£�m÷ø������#¾p�

���S��T���2³Càæ�A|Ñ�

EAP-AKA DE�·}ç LTE ÷øZQÞ���m

Native �j��¢:2 mÁÂ�A��éXn¾

pù~��	 ��ìù���ôçWe�S�

EAP����@:¹EAP-AKAA�méXn
ö�

Ò² EAP-SIMOA��m UICCZE�-�TH²

5 EAP-AKA7ÞXÒ> 

����� 

[1] ETSI. LTE; 3G security; wireless local area network (WLAN) 

interworking security: TS133 234 (UMTS)[S]. 2014.  

[2] ETSI. Smart cards; extensible authentication protocol support in the 

UICC: TS102 310[S]. 2008. 

[3] IETF. Extensible authentication protocol method for 3rd generation 

authentication and key agreement: RFC 4187[S]. 2006. 

[4] IETF. Extensible authentication protocol: RFC 3748[S]. 2004.
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� 1  ������	
���MW� 

Z[\ 7]^ _FJ ANNJ Z[\ 7]^ _FJ ANNJ 

1 251.81 231.45 250.63 13 325.57 345.57 321.65 

2 231.52 225.25 229.44 14 353.37 363.37 350.54 

3 227.82 216.15 225.20 15 345.25 355.25 348.67 

4 220.73 212.75 218.31 16 314.68 338.68 315.51 

5 214.44 208.41 215.99 17 312.03 327.03 316.27 

6 235.22 230.44 233.78 18 260.78 277.78 264.11 

7 283.33 281.69 281.11 19 241.71 256.71 242.90 

8 345.07 350.78 344.94 20 247.01 246.54 245.26 

9 360.68 361.12 356.24 21 246.58 239.85 249.99 

10 372.70 381.33 374.27 22 248.03 231.88 247.25 

11 342.78 349.19 349.43 23 242.31 229.64 240.10 

12 263.65 268.66 266.37 24 234.92 225.29 236.39 
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u_eip76_fros_shell 

  | - u_eip76_sfntlib_syncn_xx  /æCÒµ¯¡ 

  | - u_eip76_fros 

     \u_eip76_delay_element_xx_y   /z¥¯¡ 

     \u_eip76……                /¸¹¯¡ 
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proc fro_place {ring n y}{ 

for {set x 1}{$x < [ expr $n/2]}{incr x}{ 

set cell 

u_eip76_fros/u_eip76_delay_element_$ring[$x]/u_inv 

      set  origin_x  [expr 

$x0+$min_x_space*$x] 

      set  origin_y  [expr 

$y0+$min_y_space*$y] 

      set_attribute -quiet $cell origin [list 

$origin_x $origin_y] 

} 

} 
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	ÁÂÃ

1,2
	�)ª

1,2 

�1. ��!"#����	
���$����%&'()�*"+,-./'()�� 100192� 

2. ��!"#����	
����0�*1234�5�6,-78�9:;�<�� 100192� 

�����±<²³´µ ¶· 8¸¹Yº�»z ¶· 144¸¹¼J¶·½ _`H¾¿ÀÁÂ0ÃÄO +g�

<¼J¶·Å_`HI=³�ÀÁÂ�Æ�RSÇÈ+g�v�º�»z ¶· 144¸¹G�H+É�Ê�x²

³´µ ¶· 8¸¹Ë	G�¥ÌÍÎ,<ÏlÐ¶Ñ�ÒÈ?·�Ó)�ÔÕ¾ÖÏl×Ø+É��'ÙÚ_

`HÛÜ+g,<Ý_¶·ÀÁÂFGHÝÞßà, 

����¾¿ÀÁÂ}ÃÄO }+É 

 

1  	
 

"@A¼
ãzzw�@�DEu7è�å��

{/zz�8> 90%�¸[1]�-@u7K³@Í^ì

ª�
�V��1��«¢zz}Azz0¢��z

zú©,^Ü"
��¸��|ô��_� �"-

�0�}ì9G³¢��Ëß-�úNL�[2]>��

~Z¢zz,¬·&��¢·m"
��¸�I�


��C.A�0�:Ò�
��,Õk
��\|�

�_� �A|Ñg>�ü�k��:Òzz0¢�

&�A|Ñ�q{k����T�¬M��ù

vkCAzz�M�ì¢>�¾ÄzzöA|Ñ�

&�A|Ñ2Ñk�T��> 

2  ��`� 

2.1  ÄÅÆÇÈÉ 

JEDEC -STD-020D.1��_�	ÂÍ¡~mò

kñö ��L�� 8Îñö�}© 1�-@ MSL1

ö��:Íåñö�BA²
�	Âa�:å���

MSL1ö,�" 85�p 85%RHëûü�a 168 hË

mò reflowK_��&�X¬ SATLK��w

&�é|yIs?x���Cæ��f·|ô�

��ÂaÍåo~":Ë 30�p 60�RH��9

ëû}~ü�45��{�Já¥|[3]|�Ímè

ñm 30�p 85%RH �ëûüA�ß����S�

@|»°¥|�L��VAa¥���:�mò\

zO:��4>MSL2 öZX	 MSL1 ö�P	Â

a(k�ÑÍå��w&�é|yI�Ímèñ

m 30�p 60%RH�ëûüA��S 1$�Ë 1$

��Lmò��E���±²[4]>MSL3TMSL4 ñ

���ñö	Âa���X�¶�¶!�}¥��

Lmò\z»z±²p�E��±²k�ßZAX

1CjM�èA|Ñ��> 

� 1  	
��� 

W

b 

X[YZ [\]^ 

Z[ _� Z[ _� 

1 `a b30c/85%RH 168+5/-0 85c/85%RH 

2 1d b30c/60%RH 168+5/-0 85c/60%RH 

2a 4e b30c/60%RH 696+5/-0 30c/60%RH 

3 168�Z b30c/60%RH 192+5/-0 30c/60%RH 

4 72�Z b30c/60%RH 96+2/-0 30c/60%RH 

5 48�Z b30c/60%RH 72+2/-0 30c/60%RH 

5a 24�Z b30c/60%RH 48+2/-0 30c/60%RH 

6 ]fZ[ b30c/60%RH ]fZ[ 30c/60%RH 

 

2.2  "wÊ� 

�1����� 

�ü��	p� DIP8p LQFP144zzÞ�?H


MhØ�Ø¨t! 1p! 2�c>hØEmò
ú

ÑK_��TØ¨V��¨�Ë�
ã�	Ø¨mò

Æ��Æ�[a� 0.01�±²�³C�k}© 2> 
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� 1  DIP8gª÷ 

 

� 2  LQFP144gª÷ 

� 2  ������ 

gªÕh DIP8 LQFP144 

ij÷k/m³ 228 560 

ijlm/mm 3.4 1.4 

Únqo 30 30 

pqro/g 14.37 41.01 

zs_� 30c� 60%RH 30c� 60%RH 

 

�2��	
� 

ËÌ 1  ��z»z��&mò�`Æ�? 

ËÌ2  �CA&"30�p60%RH}~ü�Â�

ËÝ£ 12 hmò�uÆ���r�S:�¥�¥|£

�Â~�p¥|? 

ËÌ3  �¬�Â~�p��&mò125��4[5]�

ËÝ£ 12 hmò�uÆ����r�S:�¥���

4��&�r? 

ËÌ 4  �×µ÷ 2Tµ÷ 3��× 3u? 

ËÌ 5  �b	 3 ÎMë��CA&mòf·

|±²? 

ËÌ 6  	f·|��CA&mò SAT�> 

3  ���ab 

3.1  ÄÅÍÎÄÏÆÇÐDqÑdÒ> 

"\~@{¥|Já���Y��6�o~zz

3/¦��o~··�M��¸���\~è�~�

���g�`a��=��·�¡~�M���·

¡~C��|/���5���Û>"f·&�ab

`a�¸Ä�o~©.`aVv�Y����ª�Û

Üè*�ab`aSq¸Ä�GÎo~L" 183��ë

ûüSq 60~150 ss�ML�|/|��ßM|/Z�

L 217�?�g`aAX" 220~235�s�ML�|

/|�ßM|ô�xb1ùg�" 245�./[2]>"f

·&�g`_�ü�o~¦è�Y�1fg°±�Ý

�æv�	»¦èë�:Vù�o~¦@A3/�°

±�³:Ò��¥1MEH(�Z)�óô
H:�

���?�	»o~$��tèÉw��?�o~�


~ÑXZ��®^��-M�>t! 3p! 4�c�

! 3 �Já"\~@Ëé|yI¥|&[�

reflow�� SATLKÛk�! 4�é|yI¦&[

� reflow�� SATLKÛk> 

 

� 3  reflowt SAT�z 

 

� 4  reflowt SAT�z 

f·|¢�mò� SAT K_Ûk� SAT 30M 

C-type�hjL�5��t(6��tjp> 

3.2  ÓÄÔ§"wÕdÖc 

CAzz0¢�&"�ÂÆ�p�4Æ��³

b��}© 3> 

DIP zzÙ�zz0¢�Â���rÌ(Ï��

��«�Më�Â� 30�&��r��å( 0.08 g�

+,�4���rß�¬�H`�r�×H`�rv

�k 0.02 g���r��·H�"&¦>«§Më

�Â���r��� 0.11 g�×«�umç�Â~K

k��4���r×H`�rv�k 0.04 g�ùK�

Â~·H�"&¦>«lMë�Â���r���

0.15 g�×«§umç�Â~Kk��4���r×H
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`�rv�k 0.06 g�ùK�Â~·H�"&¦> 

LQFP zzÙ�zz0¢�Â���r��JÏ

��«�Më�Â�v���r� 0.54 g��4��

�rß�¬�H`�r�30�p 60%RH }~üv�

0.09 g�PÏ�¥��(Y�H�"k&¦C:E

k>«§Më�Â��v�� 0.67 g�×«�Mëv

�k�PÏÂ~mç�ùKk��4���r� 41.35 g�

×«�Më�r7�PÏ(ùK�Â~·H�k>«

lMë�Â��r� 41.83 g�×«§MëK�PÏÂ

~mç�ùKk��4���r×«§Më�r7�

PÏ(ùK�Â~·H�k> 

3.3  ×�ØÙÕ SATd"wÖc 

� DIPzzp LQFPzz�C&&"«lu�

4�mò reflowK_�K_Ûktü> 

s1|DIPzz& SATÛk 

reflowE� SATÛkt! 5�c�reflow�� SAT

Ûkt! 6�c> 

 

� 5  reflowS 

 

� 6  reflowt 

DIP zz�& !mçkÂ~�+,?mmç

�×`*�&� reflow�ËÌ(Cj�tjp> 

s2|LQFPzz& SATÛk 

reflowE� SATÛkt! 7�c�reflow� 30M 

C-typet! 8�c�reflow� 30M T-typet! 9�c> 

 

� 7  reflowS 

 

� 8  reflowt 30M C-type 

 

� 9  reflowt 30M T-type 

SAT 30M C-type hjL�5��t(6��tj

p>SAT 30M T-typehj&5��t(6��tjp> 

� 3  ����������� !"#$g% 

 3qro u�vÔw\tro År u�vÔxytro �3qÅr 

DIPgª 14.37 14.45 0.08 14.39 0.02 

LQFPgª 41.01 41.55 0.54 41.1 0.09 

  uzvÔw\tro År uzvÔxytro �3qÅr 

DIPgª 14.37 14.48 0.11 14.41 0.04 

LQFPgª 41.01 41.68 0.67 41.35 0.34 

  u{vÔw\tro År u{vÔxytro �3qÅr 

DIPgª 14.37 14.52 0.15 14.43 0.06 

LQFPgª 41.01 41.83 0.82 41.39 0.38 
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3.4  reflowÕd SATÖcqr 

�&�z��.p�.�bt! 10p! 11�c> 

 

� 10  |� 

 

� 11  }� 

SAThj�tØ¨�¡{��Ð��tj���

n*{t! 12�c> 

 

� 12  ø~�¹ 

���t! 13�c> 

 

� 13  ø��ì 
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6  ��� 

�ü	{zª�
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²TÂ~ÍåñöÃÑÄk��pPÏ>{zª�


��×Já"\~@,:Ah��mç�Â~1

H�"&¦è��4Ë:X>�E"µ&¦è
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[1] 5��. �g TQFP Ø�4�¨V�gª��õÏ%øù[D]. �

�: ���/N���òøù�, 2000. 

[2] ���. ��÷gªÕh��[J]. �¨!;%g�2, 2005, 34(5): 

14-21. 

[3] JEDEC. ��gWö����ª	�%\m/�l���õ��: 

J-STD-020D.1[S]. 2008. 

[4] JEDEC. \m��Ø�%DW�������������ª4í

 g¡¢: J-STD-033B.1[S]. 2010. 

[5] JEDEC. �g��Ø�£¤õzsS%���: JESD22-A113F[S]. 

2008. 
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�5�_89üå�X @º?½¾¥å�XÍ

¥@º�¸¶¼û�[�X @º��ñ
�c¥|

Ñ¥o£>> 

RTC ìíæC!G�mæC RTC ¦è£¥¥_

sv� 1 s�>\× 1:1��½|>Å°æCóô�
X

© Å°æCÂã> 

4.9  þ#ÐAû 

Ñ¥o�£³þ5£r
��(�Å°æCX

ó��m	£r
�æC�(�Å° ACTIVEP mò

£³>£r&Ý 1 kW·hæC 1 200ÎÅ°>Ñ¥o

ìí1	}~Å°mò£³>Ý£³�Î(�Å°å

1hH�u×`hH@ºËæC�ÎÏa� 80 ms�

Å°>Ý£³ 12ÎÅ°sBhH 12u×`hH@º�


©W
 12/1 200=0.01 kW·h|�
©mò�u��=


r�£±²p�þ±²> 

4.10  PTATAû 

�mëû`a�Kr�5 ADC ìí�_¾p`

a³C> 

4.11  ADCAû 

�5�_ì¢ü�A�� ADC ìí�-@�Î

¬Âmò
o
ÝLK���i�¬Âmò�u`a

LK>f«�ì¢üY� ADCìí> 

4.12  ¬�|!Aû 

�mLK
þ
Ý>?m&p

Ý� 5 V�

ôb
ÝAq{� 4.2 V>fÝLKìíÐÑ¿ÝhH

�89ü�-f
©mçf«�ì¢> 

5  ]����������MCU���� 

¯XéX
©A��E�E��>��ÃÄ��

Îß��Më�Më@£�X���³>�X���

_�}è�A�B��Eò�sbackground|>@ºî

	ÃÄ±²ãµ%~�}è�A�B�EEò�

sforeground|> 

	m�Lv�Ñ>���_�èv�Ím 1 s�̄

XéX
©ÃÄ@A��Ñ¥o�Ñ¥?èv��7

m 1 s�G �A�� RTC £¥�Ñ¥> 

5.1  �P�> 

¬UART�Î¬Âô0�¨ 645³C�m

ò±²>T645-2007 ¬c^8@»¼~áS¥Tº

³CTº�q³CTº¬c°HTò³CTò¬c

°HTËÛIrTù�¬cg�TM�\¨T�7

�rÖ/T
©Ö/T%~Ö/T'Ü(TBÏT

�
TK«XÂãæC-fT���TñIr>}

~Ir�±²Iì MCU&@� 7816ìíTI2C

ìíTADCp PTATTRTCìíñ>UART¬c±

²t! 2�c> 

5.2  �#� 

5&� RTCìíXY> 

¯XéX
©ÃÄ@"kv�Ñyò�uº¥D

��_�"�ü89üº1º¥DÙ 

� ���`�@? 

� ½¾E��³C� EEPROM @¥1º�E¥

D_�µ
¥|? 

� ¸
¼û�1º�E¥Dmòñ
�D£¤? 

� �;¼û�1º�E¥DË"�;LK¥�

�cdÒ�;���=
r�æ���

EEPROM@? 

� RTC Í¥¼û�1º�E¥D��ºC�¥D

cd5 EEPROM@�a�Û¤$cdX×�è

�»PÏ�Û¤$?�mò��=
rSTì

���
r��pÖ/±²> 

� ¬ UARTô0�~áS¥IrèÉò]�r

Ir¥1º�E¥D> 

5.3  IC ��> 

��³��j5&� GPIOTI2CT7816ìí

XY> 

�(n&«ç¥�yò�ü·Ã�Ãº«ç

n�w��ËA]N��
÷éX
©_�——

éX
X©cd¶o���T^¤}ü
À�X

Yè�yòX��_·Ã>IC n±²·Ãt! 3

�c>



人
民
邮
电
出
版
社
出
版

2018�������	
�� 

360 

 

� 2  UART?��� 



人
民
邮
电
出
版
社
出
版

2018�������	
�� 

361 

 
� 3  ICè��lM 

5.4  �w���> 

·Ã@STXY±²·Ã�	t��=
rSTT

£r&]³STT�c]³STñå( MCU &

@� I2C &(Y>èSTÛk�c CRC PÌZ?

EEPROM@Æ×�Ð³C> 

5.5  	
WX 

MCU&"k�5�_ì¢�º¾pkf«�ì

¢����¯XéX
©"ß�
þp
�?
op


¥�f«���> 

f«�ì¢�mç}~�fÝLKìí LVDT�

¿Ý_1� 1>"f«�ì¢ü�MCU&A�{·

LVDT ìíT×`osñ
�;LKèÉ¸¶¼û|

èÉ RTCÑ¥¼û> 

mçf«�ì¢�·ÃA]N! 4> 

 

� 4  ���VhHálM 

JCf«�ì¢�·Ã!A]N! 5> 

6  Ö�� 

�¸����üÁ�k¯XéX
©�«XL

��ìøí�~·Ã�j�ËÍCk MCU ,t°

��}~«XL�ì·Ã�>�PÏ� MCU 

&>��Ü¯XéX
©^¤L��A"
©�>

@��> 

����� 

[1] �9��éê . uz�kWh��Ï�ï�ë-_��ì[R]. 

2009. 

[2] �9#íîïðñò. ¥�Ï�Ï� T645-2007 ?�ëó: DL-T 

645-2007[S]. 2007. 

[3] �9��éê. ��.Ï�Ï�XYë-��Ïë-���£ôï

�XYë-: 1307004-0000-a0[S]. 2009. 

 

� 5  ���Vhõ�lM 



人
民
邮
电
出
版
社
出
版

2018�������	
�� 

362 

!"*+,- VGA�() 

�ù�
1,2
	,�

1,2
	��

1,2
	��

1,2
 

�1. ���� �!"�����#�$��%&'()�*�+,-�.'()��� 100192/ 

2. ���� �!"������0�*1234�5�6,-78��9:�;��� 100192� 

�����VGA¹PGAºP��J»¼½¾'¼½¾�¿ÀÁÂ_z���abÃ12�ÄE��� Å�+ÆÇ

È'ÉVÊ ���abÃ12�ÄEcd����SµË PGA� �%V'ÌÍÎÏ��ÄÇ['Ð0cd�

�Ä%V'0zÑÒ� ¤Ó12�Ä'ÔÕ£Ö���%V_z�S VGAE 

������FPGAF�SF%V 

 

1  	
 

"
ã��@�VGA_�A�vdS7o���

45~�>´C:Ò�� Ü��©K_��_»¼

vdµ{�ÐÑTÓË¤¥vdZÁÑñ> 

¬589�}~�_A��÷ø�nmòK_>

+"~&@�?m@AHI��÷ø�n�ô

K_×`��>HItü> 

� abª�a¶�¶g�"úÑ��� Ü�VGA

5 ADCª�"Ò��&¸>Ò¥?m&z

zO¶�¶Í�9C�!GO45[®�VGA

�æCcâ�!GÌ(zz�&���ôóô

k�ö ADC>"}A89ü�ß��ôK_

VGA�ÑX> 

� :Òvd¥��K&�æç��:Ò�¬5

"¨K�Â�¨X�Â>�K_n�æçæC

��¬5:A£�×t 50 Ãè 75 Ã> 

� ¥�æçT¥�æC> 

� S7o:å»¼S7«X�Ò¥º(r)«X�

��L�K_qr(���æC«�>�÷ø

�n��7æC
Ý:�> 

�m�¸HI��LÄ=�AK_�>>�K_> 

2  ��� 

´Cvd�ÑÒÙGain(dB)=20log(Vout/Vin)�åL

KC¥�æCT¥�æç
Ý�Îab��A�¤C


Ývd>3��Á©��A�<C VGA X�Ó�

pX��{ü�vd±M> 

"&¦è�VGA�ìuæC PAD5 ADC�ì

uæç PAD �ôXó>�"&�è�Ì(Ø VGA

ìuæC PAD9� Pin�I�A���¦è ADC�³

væC>�K_>+&¦ ADC �³vcâ:X�ô

�c½oKr��Lf_ DAC �o���³vcâ

�o�ìucâ� m�c½o=çpKr> 

×	æç��:Ò�úÑ�A������Ýo>

�ÝoA�æ�¥�³¯Â��oèÉ¯Â³¥�

��o�ì������o>+,?mæç���

��>lKr�Ýo":Òæç����Ý×>M

�KrÛk> 

×	÷ø�næC
Ý:��A�./-�c

âþ> 

K_H²t! 1�c> 

 

� 1  �z3� 

3  ��:� 

Ø¨�� TQFP80zz&�K_��� TQFP80

^�� Yamaichi� Test Socket�OA��·K&�

ô|" PCB¸�t! 2�c> 
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� 2  �z PCB 

./ DAC �¥Dè³CA�5 ADC 	ô�

&>DAC��� ADI��� AD9742 28-Lead SOIC�

ê&½( 12-BITT210MPS��oX�>ÑX�_

A����uK_>�Å½hHo�� Keysight��

�Å°�³»Pn�hHo 81150A>& ADC�¥

DOA��}Îno>KrcâÎa�� Keysight�

��c½o DSO7104B>p
�� Keysight���f

n��·
þ 6629A> 

noq{�Y¶©PÏtü> 

Å°�³»Pn�hHo�� 81150A>æCcâ

�Ó�./Ù�L"AK_�Ó�¤¥¦?Ó�©L

¸� ADC��Ø¥D�8³>×t�ADC�Ø¥D

� 50MHz�câÓ�:X, 1 MHzT2 MHzT2.5 MHzT

5 MHzñÓ©> 

c½o:¹�LKr DAC æC�ìucâ�Ò

¥OLKr VGA �æçcâ>ç3câþæCcâ

�Îa,�Ð��+?m�ö��
����J�>

����ë�íQ��¬&5câþæC¥bJ7>

I��&�æçcâO�L�æKr>Ò¥�c½

o��g�ì¢>��c½o�ZV«X�)*a±

n�Ë��Ì¥>��c½o�Kr�£«X�m�

µ)ÍKrÌ¥>��c½o� Math «X�A��

ôKr¥�Ûk f(t)=CH2-CH1> 

4  ���� 

K_>�¹�é���h�8&mòP

Ï>�&»¼ VGATADC �ì-�è�>¥�æ

ç��}© 1> 

� 1  ./01 

Åö÷ø�ù/dB Åö÷ø.ù/dB Èáúû/ü 

−18 −13 3 200 

−12 −7 1 600 

−6 −1 800 

0 54 400 

lKræç�ÝoË��Ì¥>�Ýo�Ý×5

vd�Y�}© 2> 

� 2  234235678 

�¹Åö/dB ý�Øý�� ý�ØÅö/dB 

−18 1.017 2 0.148 

−17 1.017 0 0.146 

−16 1.019 0 0.163 

−15 1.017 4 0.150 

−14 1.018 9 0.162 

−13 1.019 1 0.164 

−12d 1.011 0 0.095 

−11 1.011 6 0.100 

−10 1.014 6 0.126 

−9 1.012 9 0.112 

−8 1.014 5 0.125 

−7 1.006 5 0.056 

−6 0.997 0 −0.026 

−5 0.999 3 −0.006 

−4 0.997 8 −0.019 

−3 0.999 2 −0.007 

−2 0.997 2 −0.024 

−1 0.996 9 −0.027 

0 0.979 7 −0.178 

1 0.979 9 −0.176 

2 0.983 0 −0.149 

3 0.988 9 −0.097 

4 0.991 1 −0.078 

5 1.000 0 0.000 

6 1.004 2 0.036 

7 1.014 0 0.121 

8 1.000 0 0 .000 

9 0.970 4 −0.261 

10 0.973 4 −0.234 

11 0.974 1 −0.228 

12 0.975 9 −0.212 

13 0.982 1 −0.157 

14 0.984 8 −0.133 

15 0.988 7 −0.099 

16 0.987 3 −0.111 

17 0.992 9 −0.062 

18 0.992 1 −0.069 
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tk�câþ�æCb_�£¤VGA�æçb�

K_Ûk1(−0.26~0.17 dB�K_Ì¥> 

"ÍÑÓ�üKrvdµ{�ÐÑ�Ûk}© 3> 

� 3  789: 

�¹ 

Åö/dB 

�z 

Åö/dB 

�z 

þ�/dB 

�� 

þ�/dB 

þ� 

s�/dB 

−18 −17.10 − − − 

−15 −14.20 2.89 3 −0.11 

−12 −11.30 2.91 3 −0.09 

−9 −8.34 2.96 3 −0.04 

−6 −5.45 2.89 3 −0.11 

−3 −2.50 2.95 3 −0.05 

0 0.31 2.81 3 −0.19 

3 3.21 2.89 3 −0.11 

6 5.45 2.24 3 −0.76 

9 8.78 3.33 3 0.33 

12 11.38 2.61 3 −0.39 

15 14.26 2.88 3 −0.12 

19 17.14 2.87 3 −0.13 

21 20.09 2.96 3 −0.04 

24 23.15 3.06 3 0.06 

27 26.14 2.99 3 −0.01 

30 29.09 2.95 3 −0.05 

33 32.15 3.06 3 0.06 

36 35.10 2.94 3 −0.06 

42 37.84 2.74 3 −0.26 

 

K_Ûk©Ï�vdÌ¥¤¥�−0.76~0.33 dB> 

ÍÑvdü�Ó�ZÁÑKrÛk}© 4> 

vd±MË:ZÁ>HI,¦è»Ykf¬f

½o> 

5  ��� 

�K_��¾pk;ù�j�KrVGA���>

��câþpc½o�BA>�~÷�n:X 

� 4  ;<=>?@ AB 

©t/MHz Èá/mV È�/mV Åö/dB 

0.9 886.8 894.1 0.07 

2 893.6 900.7 0.07 

3 894.6 892.4 −0.02 

4 893.2 867.0 −0.26 

5 891.0 836.9 −0.54 

6 888.2 803.2 −0.87 

7 882.8 763.8 −1.26 

8 877.2 720.6 −1.71 

9 871.4 672.7 −2.25 

10 866.0 622.5 −2.87 

11 861.4 571.4 −3.57 

12 856.8 517.5 −4.38 

13 851.8 462.7 −5.30 

14 853.2 409.5 −6.38 

15 844.4 357.8 −7.46 

 

K_�&>
�r)'pfvd'�?m VGA æ

çÂ�����	»noæC
Ý:��Ì¥+£?


�æçæC¥�?
� DAC �o��?
�÷�

æC
ÝÎa:����> 

�æçcâÎa`7¥�A��ôK_�Ýo�

�câÎa�Ì¥`Í>Ì¥�L�þ,Krqr�

[a>�æçcâÎa�Í��câþ�æC
ÝÆ

��Ýo��Ý×_� VGA �æç
Ý��Ýo�

Ý×�½���KrÌ¥��LIÂ> 

����� 

[1] Analog Device. AD9742 datasheet[R]. 2013. 

[2] Agilent Technologies. Agilent 81150A and 81160A pulse function 

arbitrary noise generators data sheet, version 1.1[R]. 2012. 

[3] Agilent Technologies. Agilent InfiniiVision 7000B series oscilloscopes 

data sheet[R]. 2011. 

[4] Agilent Technologies. Agilent InfiniiVision 7000B series oscilloscopes 

user’s guide[R]. 2015. 

 



人
民
邮
电
出
版
社
出
版

2018�������	
�� 

365 

���� PCIe ���	
����� 

��
1,2
	
��

1,2
	��

1,2
	���

1,2
	��

1,2
	���
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	���

1,2
 

�1. ������	
����������������������������� 100192� 

2. ������	
������ ��!"#$%&�'��()�*+,-.��� 100192/ 

�����������	
�����������	
	��� SOC�������� PCIe� !"#$

%&�'()*+,��-./0�1234-.567-.89:-.���;<��	=>��?@AB�

CDEF$GHI8JKHI���L-.?@MN����OPQRSTU��VW��XYZ[\]^_�

	
����XY`a5b-
cd���b-e�fghij 3 Gbit/s� 

����PCIe%&k	
����kJKHI 

 
 

1  	
 

³C�\_�cd���^ÅWe�"��T

��T
�ñ
öhbb�L_�>abcdWe

�hi��\´¤�×Øa:º¾Ä�´¤�³C

rSqv��}å	��ÑX¾Cùg�L�>�

~�\��"ÑXpìÑÑ�.�ß���L��

�~�\�¢�,Ò��\We�hi�=[1-2]>à

��~�\��," PCB¸ª�K�&p�¿¡

~�:¹>�.Û.þ7T��g��V�"��

×ØagT��ÑpA|Ñ¥ñ	K��[3-4]>I��

gaª�� SOC&
��>½(Ï�þ1>��

��@��~�\7K��±¦EMn�\�¢�

H�� PCI ËòEM¬cô0ËÏ(��PCIe

speripheral component interconnect express|,ú�

�EMpô0_��2001$? úg��¾C�½

(gËÏàæTóô®¯Tàæg�gñþ©�I

� PCIeEMô0����·>i��#$��cÂ

îïp&�îïWe�Hghi�	��&�³

C��¾C67÷ø�×	&xyWe���ë

�~�Y¡ [3-5]>�ü×	gg³C�\����

��¾Ck�Aggg��� SOC&�3�Ëq

£k�m PCIeô0�gg��&>ê&¦èª

�KA\¨¤��úb×	&�îïq£kxy±

f�Ò¥K_¤�ÑX�gA¬� 3 Gbit/s> 

2  ������ 

2.1  PCIe���� 

ab��	¬cËÏ���¶�¶g�H��Ë

òEMß���ËÏL�>ãòEM½(àægafT

�iÑ��þ1>PCIeEM�3�©	©ãòóô�

��gg1¬ÂgËÏàæ[5-6]>PCIe ���,gg

¥�EM�5¯ÂËòcâX×�gg¥�câA�

��ùg�Ó��?���ù*�câM�A�¬�

PCIEM�:X¾p�gËÏ>Ò¥�PCIe½(«�

fT�~A=�<; PCI ñú©��� PCIe EM·

~���"gggÑX��@>DE�PCIeEMWe

���ú��,GWe��·> 

2.2  �� !"# 

�l��ü¾C�m PCIeô0�gg��&G

Þ�3>&GÞ�3»¼kggEMTCPUT��

�a¯¡T�ô��-f¯¡sDMA|T\¨´¤¯

¡Tô0¯¡ñ«Xìí>-@���EM»Y AHB

EMTAPBEMp AXIEM>EM¸³C�àæpÇ

@? DMAsdirect memory access|>��DMAìí

àæg�g�½(fgàæ7r³C�X��A��

�³Càæ��¥ÑpggÑL�> 

ü.�L��GÎ&�³C±²Ã�t! 1

�c�³C¬�A��CA89>�l�"«�Î³

C¬����±²³C·? PCIe ô0Rç¥�1·

CDEF�lm�n6o!(pqrst���u>vwxHIyzq{|}~��|���No.546816170002� 
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PCIe ô0ìí¦+� DMA Ç´È AXI EM¸�

RAM �a&>ôü��&¦ CPU 1	�a"

AXI-RAM @�³Cmò
�tkê&³C�L�

	Æ¤�ìímò�
\´¤èmò¹�´¤

sSHA|�CPU1�{È" AXIEM¸� DMA��

RAM @�a�³C� AXI EMÇ@È¤�ìí�æ

çl� FIFOslçlC\�|@>³C�r���

CPU ��{Ëõ�X�¤�ìí>�¤�ìí±²>

»��CPU1�{ AXI-DMA �æCl� FIFO@�

�
\´¤Ûk³C� AXI EMÇ@È AXI-RAM

@>���CPU1	 RAM@�³Cmò&¨�3�

¬ PCIeô0hRCE> 

i�A89ü�³C±²Ã,Ù��±²³C

·? PCIe ô0Rç¥��l1· PCIe ¦+� DMA

Çç AXI-RAM @�CPU ôü�	�a" AXI EM

RAM@�³Cmò
�tkê&³C�L�4	Æ

¤�ìímò�
\´¤èq§Tq�CPU 1¬

AHB2AXI5ô¯¡�³C�AHB³CEMDBUS

Ç@È4	Æ¤�ìíXYE�o@>³C�r���

CPU1�{Ëõ�X�¤�ìí��¤�ìí±²>

»��CPU1�³C� AHB³CEM DBUSÇ@È

AXI-RAM@�ôü� CPU1	 AXI-RAM@�³C

mò&¨�3�¬ PCIeô0hRCE>�Ò�P�

4	Æ¤�ìí�±²�³Cr`Í�PCIe ¦+

DMA OA�ô¬ AXI2AHB 5ô¯¡�³CÇ@

ÈX�¤�ìí@> 

"³C±²ÑX�.�ç3��kggô0pg

g�\ìí�+,ÝÎ³C�&">�ô0T�
\T

hR}¨Îµ÷¥�å1>��Ñ¥|>I���k

¾g³C±²���" PCIe¬cô0��-�³C�

�AËòmòàæ��(¤�ìíOAËò³C£¤>

Ò¥�	Æ¤�ìí¦èOª�kK^&~�AÒ¥

±²Ëh³C�ÝÎ¤�^åª�kÉÊ FIFO��7

k³C�ËÌ�ì�
\±²X�>���ê�3@

±²o¯¡Oª�kdGÜ�ao CCM_RAM ì

cachesggl°�ao|�h�rì³C�_¥ CPU

A�ô¯v��� RAM.þ�ßR� AHBEM>

¸�Y¶We77v�k���£aX�>&EM

³Cxy±fcP!t! 2�c> 

 

� 2  ij�
q&��9Ð� � 

"��Ñ�.�GÎ&�3�½(`g���

ñö��( AHBEM¸��a¯¡�»¼ AHB-RAMT

AHB-ROMTNVMTcacheTCCM_RAM ñVª�k

�
\ìísMEM_ENC|ìSTìísMEM_CHK|�

�(�a³CV��\ìST±²>AHB Master

sCPUTDMA|	¤�&~���R�Crö�


\ìísLENC|±²>	�S^ÅÍå³C� NVM

v�k��-f¯¡MEM_AC>Ò¥&9çk8K


��ª�kgf
ÝLKBÏ VDTgfÓ�LK

BÏ FDT`aLKBÏ TDT�LKBÏ LDT
Ý

ÍÎBÏ PGD�¬��!²¯¡ SMU���ýë

ûã5AhCÏW_1��&	Íå³CmòÏ"

è�ô×*> 

3  BC��L��� 

3.1  $%&'()*# 

\¨¤�ìí,GÎ&�Y¶ìí>��T:

Ò�� �ü��\���&¦èª�kKA�\

¤�ìí�-@�&¤�»¼ SM1TSM4TSM7TDES�

��¤�( SM2p RSA�Ø2¤�»Y SM3p SHA

 

� 1  1�ï�ijq&?Ã 
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¤�>t! 3@�¤�étìí��&¦è�(¤

�ãìíå»Ym¤�étìí¦è�¤�ét5

AXIEMp AHBEMmòóô>CPU¬ AHBEM
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EÂî	oè�m�÷î	o¸�-�÷°H"

¦÷ DMZ ·¡��45�-°H��¦÷>Ò¥_
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� 4  StG?�fe 

3.1.8  ������ 
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�%	 2M�����|pØºs%	 1ùúk���
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³Còç³C;>?m NoSQL òç,HãÑ��A
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� 5  HIWb>� 

4.2  `abacdVW[ 
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g©³C��½(`���gÑX> 

4.3  `aefgZ 
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� 6  �JKLw tapM� 

5  ��� 

 �ü¬��}É�"�@�Fq�89�Ë

ÛÜ½Þ��FqÃ@�@Î�'�±²���`

��.°��k�¼c@���"�@�Fq

Ã@�½Þ���O	�������Fq89mò

kf=pEÛ> 

�cd�Fq,¾Ä�����T¦f�

´ò���(�Ë�>ømcd�FqO�Ü¥

�B£¤T7³CT@�,GTN�éX���>

úK�"øm¿Àcd�FqÃ@�?m¿À8

9�:Ò�6Ñ1��@A@Ø������QRL

¿�¿À��89�ÛÜcdWehi�_m���

�i¸ú> 

����� 

[1] ��K. ¬�I�q&�%çNOPøùº7Ç[D]. �5: ÊË

./, 2011. 

[2] QR. SoW ESBøùº��[D]. ��: ��£?./, 2011.
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��������� UKey���� !�� 

Qjk	lm	n�o 

���������	������ 100192� 

�����tl3û�<îb µxü���Û�ýþ���������&���M±��������=>��

�®¯e���� UKeyýþ����ÊËMN��C���MN	Õe���5UKey8&��V��
�

ã8åæã����ýþ���V�����ÊËMN���cÆ�����ýþ���Õ.¨�C��Æ�

������=>� 

����UKeykýþ��ke���k��k&� 

 

1  	
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�l�ÀK�T��QbÀK�3���8-ìí�
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T�>��� UKey qr5�+0rXÛÜ�1Iã

�T�¢�(�°�TÝÎ�+"-���@ÀK�

Ü�ÑpÜ�Ñ�ê�T�¢X�7�a°�T��

pü~���> 

2  ©�ª«¬�:� 
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DE���~���+-�ÀK�T��>���Õ�
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�³vTÓª�� UKey qr@��jÀK�

T�³vTÓ�(����±f�1�éXn5�ý

¬c���ñö��Ü7¾g> 

3  $v UKey0ª«¬��  

3.1  Vpqr 
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³vTÓ��4	Æ\¨Þf��ü@����
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3.2  UKeyst@ 
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UKey@���j�+-�ìÀK�T>UKey�À_
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2ÚÃô0��³C�}��Tk��" UKey @�

³vTÓß�·×f> 
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�L�y�qr�������A�¬����D�> 

3.3  EFuqvw 
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�ñö��³vTÓª�� UKey qr@���j�
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3.3.1  ���� 

� -�ý.@+çTÓ-~��-�ý.M��

UKey+�+§/0r�-�0¢? 

� -�¾¶¸¤@�çTÓ-~�£�G�«X? 

� î	oÂÃÄv�	*+Â¾¶��Tcdm

ò�ÐÑST�«X? 

� �EÃÄv�
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3.3.2  ���� 
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3.3.4  � !" 
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� ô0*+Â&~hR�³C�TT*+Â�a

±³q§? 

� TT�«��
*+Â���TÓ�g�ê

�+�Ü�_Qcds�+§|�Ë¬³Cô
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3.4  uqI%sgxyz 
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Iã�T�¢�tk PIN¨è UKey qr¯¾
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[1] �Uä. .ÏèXY[M]. ��: 7Î./���, 2009. 

[2] AXELSON J. USB .�[M]. �V, 6. ��: �������, 

2001.  

[3] �WA. ����.ÏèÂXY"¬%øù[J]. �I9vgº

��, 2011, 28(9): 295-297. 

[4] Z[, ?\. ��USB Key]^Y"%7s����EF[J]. �ø

��(|, 2008(3): 25-26. 

[5] _`E, +a. ��ï�Y"EF��[J]. ��ï�º?�b�, 

2007(4): 72-76. 

[6] _cä, ðÃ. ���� USB Key %�d¨]^Y"º��£ô

¤Ç[J]. �I9!Mº�/, 2007, 29(5): 56-59.
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� 12   ��£¨B��� 

 

� 13  ø�§Ð��B� 

4.3  �&��g����EF�� 

4.3.1  8��9 

"øà¤�@��´¤�[aq{� 0.000 1�¿

�r�hb¤¥^Ñ�[�5,5]�AÎ7Íq{� 50�

�7øà�³q{� 50�¶oH�q{� 0.90%��

ãH�q{� 0.90%>�¨è�tüÙ 

precision=0.0001; 

bounds=[-5,5]; 

popsize=50; 

Generationnmax=50; 

pcrossover=0.90; 

pmutation=0.09; 

�ßñ�h
ì��"zz¢��]³q{´C
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Þ·g a ob�l" MATLAB2012b @yò
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þ�æC

«��¬ to workspaceìíà�k workspace�Ûk
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� 15  workspace�%nq 

3��´ò�þ-f�~��~��¢��©ï

ºh]³¸¤�workspace ¦�³C�1·º��~

@>}è�«X�L,¬ü.�¨��j�Ù 

f=evalin('base','simout1'); 

f2=num2str(f(1,1)); 

set(handles.edit2,'string',f2); 

l�³C¬ evalin ?�_\|B base @ºho

b�3�?ôñ@ºh�L�³C����Ø���b
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¾½ê DBA 5c_ë¹ºF�pf��jç

QR'"ðCÓDB/µ0�¤·23¥0 6E�

1··¥0 2F";3·�1·¸�<ö¥0 16

;>·�1·¸�<ö¥0 8E�õ·¸�<ö¥0 1

� DBNpf�¹º/µ,ÊCÏFG¥�HI5c

DBA5c�pf�QR�Ód�FÌÍ, 

���J°±²³Epf�EDBN 
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�� RNSS������������� !����� 

��
1
����

2
����

2
����

1 

�1. ������������	
��� �� 210003� 

2. ����	
 �!�"	
� � #$ 310007� 

 

��� 

K�DL�ot'Ï;<=>��@,IMG)I

d�ÖäK�N)�456�O�ot´ì���

oPQK�N)ð�Ç�qr,K�DL�o3s�

�Z�8b'¾?cdRSTDL3btDUc

V3bt�Wc, 

DUc�Öä3�XYäK��?UZ�[

3D�\±¯�,_ë�]T8öÖä3�¥�

Î�XdRK�DL,÷Yä^\±�ø_DUc

�DL`WC�,-�K��a�L}bcÖä3d

e`Wd�, 

�Wc�Öä3�Xfg[ÖäK�9���

\Ó�h8��ËTöÖä3fg�Öä�3K

�9���hdRK�DL,éb?c:ijDL

X7'k AGPSíassisted global positioning systeml

mMnijDL�oïDL?c�¾o�t3p�

AtW��Wq5hbcW¨dRDL, 

r�WDLs_"�tuõK�DL�o�v

�w�\±x4ÚDBDL\±,wèyz{|ð 

100 ns�}�\±45DL`W~0 30 m,ÊËD

Uc�Wct�è���3bDL?cFDL\

±P��±��ÚÏ�v�w�\±,��{|}�

\±���%�W� RNSSíradio navigation satellite 

systemijÕO�����ï}�=>�XÞ�#

%�K�DL�o�v�w�\±r-%�K�D

L�o�F��¦, 

{|}�=>�¯j0RDSSíradio determination 

satellite serviceijÕO�äD��ïÐU}�I

RDSS �U}�: RNSS }�,r�h�w\±�¨

�RNSS}�����\±ÌÏ 23.7 ns�N�t

ð��Lt�M�X����F��¯,-� RNSS

}�?Ø�Ç���}�7��V6��ßI�V

¥�Õø_I����KÌ3t{|}�=>F�

Ï���o�ð�=>��, 

0B%�K�DL�o�\±¾½PQBK�

DL: RNSS}��'¾s_Z��B3b'Ï{

| RNSS?Ø�}�C�,�C��¯ò{|}�¹

�I�\±.���IFPGAífield programmable gate 

arrayR����!� ï�¡¹�X7FG4¢:

«0¹�µh,F"FPGA �¡¹�7F��5ct

}�C�\4�=>£¤, 

��5c��¯\4��tJ{|}�¹�1a

� 1 pps ��9���¥úü¦§=�X¨�Õi

j9����9�©ª¨�«¬Z�%� 1 pps

9��\±,��1a�9���4¥^4¥=É

1 pps9�Ç��Ë�W� PIDíproportion integral 

differentialï5c¨ÚD����Ç�y	®¯°�

±²,8� DACídigital to analog converter¥³¹

´µq^ï�±2�¶�¶¡.���Ç�±²

ZF�·��4¸ 1 pps 9���dR¹v,

X'Ò���0ÒÓ�²��º�²��º2hX

¹»=� 10 MHz �·^�õ§�0�ß��hÐ

LdR�v�wÉ¼�ah 1 pps9�IIRIG-B

9�X7�Vv@�h, 

�}�C��½ö²��hÔ���¥úü¦§

����F`WÌÏ 20 ns,�2=� 1 s?Ô�

�·^��õ0�hº±4�F 1 s ?�+4`W

ÌÏ 10 ns²¾`WÌÏ 30 s�ÏK�DL�oÌ

Ï 100 ns�\±¯��M{¿��,ÀZ� 8 s?

m�{|ij9�áW�¾#Á��{¿���

v�`W� 100 nsX?, 
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ÂÃ:ä��/èAB8�Z�¾½�C�}

�:Á�=>�XdR h¾I�\±����o

{| RNSS}��M{¿��K�DL�o�F�

���Ç3w%�K�DL�\±7�,ÞÄÅ,

-K�DL�ot������"��h�w¯�ð

��F��o{|}�=>�K�DL�o"�h

�F��ÆÇ�{|=>_ë��X�������

���v�w\±�¯�, 

���J{|ERNSSE}�EÈ{�;EK�DLE

�h�w
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�"#$%&'(�)*+,��� 

����� !�"#$ 

������%&'��()��	
��� 100032� 

 

��� 

/0&�.�^_�ð=3öÉ2�ÊËÌ^

_3xt&�.���/Í3t&�.��ÎN)

"Í¯�É223�Ï��.���Îhè��Ï

�ÐÍ�/�,Ñ X¨&�.�3xÔ�Ò��

�I=ÓÊÔ�Õ�Ö×¡¢O��ÊËÌØ ÑI

ÙÊ�eÚ=K�Û,éZ��ÊËÌd¨dh0Ü

Ý��.��3�QR, 

��Õ�Þß�yà3á��UVÔ��â

'�qrãf�{®äåIæå�ÊébRç�

èéÍ,�N&�.���y�ÌÊ�±LM�

�u?Ô��º\]ãf�{Iêä�Ê��ÍM

NijéëéÎZ&�.��Ç�âa1I�

Î����¯ìõ�����Ií�¨É�cU

V/|ß��yÍB&�.��îï,´ì�¯

s¡ 2 ö,3t" ¶�ÊËÌ¶�Æðyà,¸

�¨��ñòH�¦%���óô�Vh0ñ

ò�Vy�ñÕ��Ö¹õ�" ¶�V¥�

öà�y,���� ¶�V÷)@H	I/µ

øùéás¡�ú ¶�ÊÓû@ük�Üt,

>t�Ïêä�Ê��0Õ��©_ýc,´ì

��.���" ¶�Vþ����©�qr�

{8���®Ì����~�¨Ç�_~N-é

á?c~�� �úêä�Ê�«¬&�.

���/É��, 

0BÙÚ¢QR��	 �;����Î¶�

�����

%õB�b��^_qr:=>q

r¶�B'ÏUV���ÊËÌ��,Lt�

;.��ÏUVäÊ��ã�{����{��

UVäÊ�K�%ìÔ�7��������e

t´ì���ÊËÌ�@ü�3�tR,0B��

#%���.����¡{�	 .��Î�

��ÒÓ�äÊ�ãä�0Í¯,��9J=>�

���?��Z�¥�HI=>j�ª��V��

�ÂÃZ�»�õ�V��ÂÃÉäÊh�]�,

Ëw���VäÊ¡&Ç�o4j��'(���

!"Ë�¹º�«¬�¶�V�ÊËÌ��%�

¡&7F«¬�±Ç�¶¹j���B�ÊËÌã

ä%�¡&�yz��^_I%����X"�/�E

®�j�B£þ��UVêä�Ês¡�'(�°

¤HIj�UVÓÊIäÊ�0\4BäÊ��

�Ê%�%�«¬@���Ú��5c¶�BUV

äÊ���¹º, 

d����Ì¤��hC0øù���V��

�ç�������ÆÒ��,¾½r ¶ �UV

'(¥�I�Ê9JI!"ÓÊfgK?@��V�

!"¥�Ç�Bo4j�°±HIB«¬UV�Ê

ËÌ��%�¡&µ¶B ¶�V«¬¡&#Æ¾

�'Ï!"Ë�5cµ¶B�Ê��Hj�¹º

ãäUV�äÊ�K�¯��Ê$%I&%��

a0_DW©H�e7�ÊËÌ^_ýcI%��

ÊËÌ�#Æ%&_ë'�, 

���J�ÊËÌE!"Ë�5cE#Æ¾�
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-�./012345�678�� 

%&�'()�"*+ 

�*+,-./012��	
�-3 *+ 518000� 

 

��� 

��;()£�=>�Æw*D�£�k¶\

��"õRBª�/µH/¬/µH?+,¾�¯-

.��9/I=>½�I0��1I��z273

½4K,�.�?+,¾a1�h=�¯��,¾

?+Ç�?+�Æ·j�Éý_,£�.�8A5

ê¢ç¥��46.�?+^_¦§"8�.�?

+j�¦§Ç�o3�Æ�j�I^_7W�,´ì

£�7´8RT7´'#IT9=>:OÂÃ;É

<�=T>7��\4I\]_gIR�e�I±

���K??@@,����I7´ I��? I

\4@Ij-@IA-BI&FBK½ö��® !

�j�?ØÉj�çºCO�W©,wx¶��8�

�I�õ��:��D��j�£Eh0.�?+

j�¦§@ü�3�FG, 

?+,¾�a1>7��H?É4Ì?=T�½

��H?/4Ì?�j�?ØIj�çº:4Ì�çC�

��új�£E�¯IJ���j�çºÉj�?K

¨L)j�,��7´�*Çéáj�?K���{

�a@�,�Ç�?+j�£E�\4��56��

��M����9:x4Ô���N��Ø5O?+

j�£Eª¨k��øù±-�ÕcF�j����

P@�8��I�D�:�õ��ËCW, 

¾½\4�?+j�£E56BX[ 33, 

� �������	
�����������

���������	������ !"#$

%&'����()*+&'����, 

� -./����01�	&'�23�456

789:�&'1;�<5=>��'?'@A

B8��&'@AB8CDEF�GHIJKL

MN@O��PQRS�&'8C-T'URS�

&'*+VWTXYZ[\]^1;_`, 

� ab����KL678c4�defg@hi

g678jCk�lm�\no�678�pq�

&'*+[rstuvwAx�yz{o�678

�&'1;�Q, 

¾½%õ��Q}H?+j�£E?K�XÙ

ÚX� 3öQR,ê½�j�/4Ì�ç2h�j��

�Rçh39j�Ö×S¤j�Ö×T,�ç2h

�j����a@����±²j�Ö×T"�F

�j�Ö×À�Õ��)N·@UVx@���

B?K��õ��:8��,/TÒj-W2Ô�\

4��%�õ½9Ö×��H?:4Ì?\4B

���j�çº455c�� o(N)�O��høù

±:Xhøù±?���H?I4Ì?:?+j�Ö

×T45õ?+,¾�j�çº,��W�¥�

T DMLídata manipulation language¥�YZ¿[ï

\�^=>\4B3b£Eì �?+]�6_

��'(¥�AUõÖ¡ê@�9JfgÐÑ�

^£¹�¥��w�_x4��^£¹�¨dR¥

��w�w¥����	�{¿d�I	
#r

éáª�'(¥�"%�õ`j��¥�%�j�

£E�¬F
±UB?+j��À��, 

¾½\4�?+j�£E
��"D£���

ø���£�.�?+^_¦§"a1a16b


�j�B?+,¾4¸cde?�j�ô¥f

� 2 000dô¦C�j�ô¥[8dgô,�a

1Éh"?+j�£EARõÞ��ij���

¦k�èl�,¾½\4�?+j�£E�áøÏ

£�.�?+^_�/F\4���ÏFGåæ�

£¤?+j��/�%&B#�É;5/�, 

���J?+j�E)mQ}E?+]�Eª�¥�E

À�� 
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�1. 4��"56�78�9/06��:� ;< 071003� 

2. :�56�9��/06��:� ;< 071002� 

 

��� 

��9J=>�����O89=>ípower 

line communicationPLCï�noG)HIG)pAI

È{¡_Ií];X7q;K?@�F��XDE

��O89��@��yTpHrª��O89

íBPLCï��?s÷Bt¨tDE�%u,��O

9v¹º�ÏÂDO:��O899vÂ��wxI

��O89Ê%1y��{#ÆÓDX789�N5

c�PQ7�Í¯ÄÅ,��O899v�¶¹3s

�¯��ÓDÐLÑ±��zI�{I��:�+ 4ö

j|;¥íRLGCïE��j|;¥45ÂÃz}In

�¥E��ÂÃz}In�¥7O:Ñ±¶�n

�?�E/TC�9�¶�9v¹º 4öw~,�Ï

OD�n�OòÏÐLÑ±��zI�{I��:

�+;¥�¯-1�¾���@I��I�¾h�X

hh�X7���1��-Â�K9J45�¯�

�øù�¥²:���Ê%���F�Ïrª PLC

�899v¶¹-[45øù�ÒÓ±tX��,

�X�����O9v�¶¹"ÐLÑ±;¥�¯

8�Ù�c��¢?c�¯W��:s_Ç�j�

\4d�ä�õ�:�3ô;¥,N=��3ô;

¥*�õ>ô;¥��P�¯�¶¹��7��

d�<���:¥²��, 

0{¿	
IÒÓ#¶�rª��O899v¹

º%õB3b'Ï Q3D �rª��O9v¶¹?

c,Q3D��0 Quick3-D�Ï�����ÂÃ�

���zI�{I��:�+�;¥%��¯�Ï

PCB��:\4åæ,Q3DZ�B�Ç�(IÒ�

m����Ù^£¤5c0��c��Ô�B	


TÞ�5cÇ�y
,��Ù���"56�

T�FIè��FI�ol�I��l�:@��

�«¬,�d�"�RQ3D���Ï��O899

v�ÂÃ�p���á��øù����¾¶¹

ÒÓ±�-��X¯�45øù±«��H RLGC

;¥�%���, 

¾½�¯��BX Q3D Extractor %�;¥0'

�¶�rª PLC9v¹º�w~:?c,ó�W�

Q3D��%���O9v�ÐLÑ±;¥ RLGCN

=��%��RLGC;¥45¦����ÂÃz}:

n�¥r-��ÂÃz}:n�¥45õ��

O9v� ABCD n���ð=�� ABCD ���

õ9vn�/¥:�¤z}��¬F:Ê¬F,

òÏÐLÑ±;¥%��Í3tO�/T¹º�U»

:� j�1�jQêøù�¥²QRµHhB�

x/»QR�¶¹��¥²���¯���	 

¾½�%¶¹?c{¿��Ï��¾IT�¾7��

@/µøù�Tb PLC 9v,ë½ð=W��%?

c�� 3 mm×4 mm(�����¶�Brª��

O899v¹ºEW�;<j��j�ä�B(��

���� S ;¥í ¡;¥ïW� S ;¥45õO

�n�/¥:�¤z}��Â�X7ÊÂ�Z

� 30 kHz~100 MHzª�u?ê¹º45àÉdä

¥�Ç��Ë,/èABW��%?c¶��¹º

45à{¿P�#¢£d�ä�/è¾½�%?

c{¿	
IÒÓ#¶���Orª9v¹º�

Ï��O899vÂ��PQX7��d�7�Í

¯ÄÅ, 

���J��O89ErªE9v¹ºEQ3DE(�

���� 
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��� 100120� 

 

��� 

��ÕO=>������b'ÏDL�L}

9J»�÷d¨dT�Í3,´ìF�ðDE�

MnDL�oíglobal positioning systemGPSï
F

�Ï¤¥��I��ä�Iª¦§¨I©6��I�

Xª{KSTåæ,L��«N)C0P�B�I

¬@Iý�nK?ÉhX7®vI#[¯¤�KÂ

°ÉhÕO�9�â±²�ú GPSKnoijD

L»�ÕcâZ�,R)³5�«� j��hA

�?N)Z���ñÕH����«�?D

L���d¨d´µ?DL�oíindoor position 

systemIPSïF�-a,'Ï LED ¶+zB·¸�

VLCívisible light communication��·89ï=>

7�¹rI¶+2{I|\�ÐIh¾ ºI°±

»¼I�ÉzB�6/TK½õÌ3¡¢�?Õ

ODLåæ7�l��F�ì¾, 

'Ïh¼�o�?DL�o?KêTö LED

�%&zB���8� VLC�HG¿�L} ID9

J4ÌC�Ô�h¼89?Ø4Ì·9�Ù±:

j��ö¼<4Ì�·9�Z8��x·²_ë

45�GÀ�L}9J,@U�\±�F���

ÌHDL5cW���¼<4Ì�3ö·¸�·z

Ë�\Ó#ä5õ·¸¼Á�"¤L}ÌHDL\

±,W�T·¸]TDL�y�x·²?�I¥

¯ß`W,PQW���ÂÃIÄÅ�Klm\]l

m�xj��DL?c%&Æ�DL5c	 D

L5cøù±,W�Ç¼Èh¼:Ém*±n{^%

&��\±*±?L;��C�Ê):Ém@HK

9�[���D·¸Ç�DL�z�T@IËÌ

9�[��D�,W�n{^�*±9JIh¼"�

Ê�L}9J	 �xj�"TI?��Í�¥¥

´%�5c�D�,PQTÎDL¹ØG�Fµq

6_:\±±²DL=>dR�TÎ»¼��u?

4ÌC�G�FµqDL¹Ø:5cÏN��ÐÎ

ÐDLI�ÎÐDL:TÎ\ÓDLdR\±±²

DLÈ{HÉG)HÑÒ[´ÆDL�è¨��

�h%��TÎåý»¼Óæ[DL���:\±, 

£¤¥³»¼©_qr:¶Ñ{�_ë]Tlm

j��o9vÂ����ÔÕ±h¼�>I¥³»

¼W�@qæj�I¶Ñ{�_ëK¥³»¼©_

=>���·n�9vÇ�	
I øù±�ÐÖ

4EPQC�>Ih¼�¥³»¼É9v×@IT�

�F:·:¬x¡«¬�D�%�'Ï¥³»¼©

_I9�©__ë:9v+�_ëµ¶'Ï4Ìh

¼�9vÐÖ4¹º�9v�Ø¯:@HÇ�D�

®�D��ÙÖ,PQ'Ï��@H»¼j�_ë�

¼<µq6_�C�XhL}:Ém��@H�F

��¾[h¼89"4Ì9��¼<��µq,£

¤��@H»¼j�_ëW���@H»¼]TÚ

ÛÜj�/TÝú�Þ�6��¹ºj�¼<µq

ß�ÌH¼<µq5c%��o89�{,��

¨Ê�Ç¼Èx44Ì 
9J��o"�¯rà

áh�«¼"âø9J,��¬F�hM@ÌH�»

¼©_5c���¨Ê�Ê)¦§���o?K�

Xâ���»¼n{^4Ìãµ[PQ'Ï»¼

©_�DL5c8�©_·¸�»¼n{^��h

�¼X¹Ø���qr�sõXhL}%�,'Ï

h¼89��\±DL5c�4Ì�h¼� �DL

õ LEDh¼��¼<�\ÓäÆdRB 2 cm\±

�DL�{, 

���J��·89E?DLEDL5c 



人
民
邮
电
出
版
社
出
版

2018�������	
��
 

411 

9:)*+2E�FGHIJK�*LMCNOP 

90	
1
�:;<

2
�"=>

2
���

2
  

 

�1. 4�@AB���	
�@A AC 710075�2. ACD/�����	
�@A AC 710032� 

 

��� 

��X-�¥tåæ���Í¯¡_#Æx

4«¬åæ������,ç�5�yèéêl

mI�y6���çß×�{��ë1�Më

ì�yH²Í�Mëìlm,�åæ��"�

¯��í év�î�@H8�6�±�±²¡

_H�r-[ð���X-�¥,åæî�

�ð�àÉë1bçIëì?Ø7ëì\]�d�

�:A�P��%�,ï�ð0dR2{¯è�´

ÆF����X-�¥�¡_¡&�3öÒÓ�

ÙÖ, 

¾½�ñï�ð 350 MW6ò�Ç�¥�j�,

ó��!"¥�Ç�®¯�¥�ã©_Ô�T<O

�Ë�j�?cZ� SPSS ���p¾¥�Ç�j

��õÊ%�¥�õBåæîóIH6ôõ�

±I3ô6ôõ�± 3ö«¬¡�É��X-�¥

�%]%�Z�öWj�?c�¹ºÇ�BÙ�

j�?/B�ð�d���"���X-�¥�¡_

9:, 

��ñï�ð 350 MW6ò 2018� 1÷6ø��

h6ò��¥�Ç�¥�ã©_��åæî�45

��X-�¥=�¥�p¾Z� SPSS ��Ç

�T<O�Ë��õ�O�Ë�?�0J

1 2 3
1.452 0.004 28 0.001 27 0.005 79y x x x= + + − F"

y A0åæ��X-�¥Ex1 A0H6�±Ex2 A

03ô6�±Ex3A0ùú^¤¢O�÷�,òO

�Ë�?��XuõG@�H6ôõ�±I3ô

6ôõ�±A�¡@���X-�¥þâÊ%/

�é8ö¡@����5£þ��X-�¥���

LH6�±���X-�¥�«¬�¥B«��3

át3ô6�±� 3.4 û,�yåæîó×�

�X-�¥5	 , 

�X��ö�¥í¥IH6ôõ�±�¥I

3ô6ôõ�±�¥IO�÷��¥ï�«��M

At 0,¡¢¹º�¥Ép¾2h�W©0ü65@

©ý\9:ÉÃd9:3ú, 

� jâ`WI��3öËCß��¦,é3/

è�BB²ö¹º�öW²¾�"�Cß�Óh?

T<O�´T/èËCþTd�9:, 

�ã©_ì�¥�Ç�j���øÊ%àP

ß��X-�¥«¬¡�2h�O�Ë�����

Ê%�/èÉd�9:�M�þ,¡¢�6ò¯6

��¦7¥�kD��ã©_t¬�®¯�, 

'�p¾¥�7åæ\4�145��X-�¥

�WcjË�åæîóÓhÇ��j99��W�

-10~0�������"��T¥9:[î�� ,
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