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> 1 P-Fuzzy-PID S�3s0H[> [2]

2.1 �^SZ}JdV�gR��k e ^#B&l} ec ?FR�2r�Z�6y�kR�k u r&lk?FR�2r�S�#/u��H�gR�T.��
U = (E × EC) · R , (1)
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U = {u1, u2, u3, u4, u5, u6},

E = {wK��wK��4K�4K } ,

EC = {������w�p�0w�0��0}.0�� u1∼u6 �9K 100%∼0 r46�RB}�P�mR�2r�Z��S�e��(#f�gR�Rl�`����KS!&kJ?�rS!
�M/,4�gR�2r9�^>3Æ��iu'>rO}�Rl�^^9r�k�m��EKI{eBR�hW|f�gR����#/U	�j�lm�ZS!&krJ
�
2.2 PID Z}aJdV [2]�Ku9KR^9℄��R)�)!�)�)?�#(�4F;!(FK�
R�e*9bwr�D���u9�D)>�KR^9#�bnrRK9��u9�D^w�)>��RK9�^4�YT�6r�gR��Fm2b^9r�)*Æ���*℄r PID R�2kl�y�^9rR)*Æ�jK�#B e wK*��D (0.5 ◦C) y�M8B9�M&r PID R���=�j6^9#Zr))��~ PID 9��B/>���d$y�r PID 9�`YKR�2��R�y��j6))�y�r PID 9�4�j�~�H

ki = αi × kc
i , i = P, I, D . (2)��� kc

P � kc
I � kc

D '-Fy�!e�|'�B'^�� αP � αI � αD '-Fj6�~))r!e�|'^B'��^��=� e � ∆e rw℄#f�-j6�~))rRl�;�~))r�-Rl� PID ��^�Y, 1 #��,� EM FK�{l+
� E1 �
E2 Fj9&l2i�A E2 < E1 �E 1 PID t{ohE�.,A :���a�

EM/◦C E/◦C EC/◦C αP αI αD�}�8 E1 > |E| > E2 1 / 1

E2 < |EM| < E1 < 0 < 0 1/4 1/2 1/2

< 0 > 0 1/2 1/2 1/2

> 0 > 0 3/4 1/2 1/2

> 0 < 0 1/2 1/2 1/2

|EM| < E2 1/2 1 0r?�e�~))&le�F ÆEK PID 9�r2&�51R�k u rU&l�_�iM�r|l��(� PID ��FSr u r&lk�/i���
∆u < ∆umax , (3)
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(fc)&l (∆fc) �P��9r ∆Vdio $51;+�4. Q
&l�;AZ Z (Loss)&l (u*r���
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, (4)��I#{�r�B~h2�or|lhtFh� ∆γ/γ0 Fl�(}4P�Æ� V0 F&V��NjÆ~�� k F0�,�E�� T FE�K�� P F~h2|lB}� F F*
zht4�� w1 F*
zfZ� w FX.|l(}� Q0 FP; Q 
� QL FHd Q 
� tFy��

> 2 QL � Loss �� Vdio �'ms	&Ik= 2 �B� H49 r QL ^ Loss 
� Vdio 
&lr�%Hj=�=� Q1 � Q2 /�
Loss1 � Loss2 g,46&V��NI�yr|>Hj�E=M�� QL `e 2 × 103 =Ir;&l�0&l�R��r<p�eQr��AZ Zr&ll^ QL &l�6*T.r46�A���u4?'Z�8B0�;K1H�M2& fc �vV ∆fc �;!vV ∆Vdio �,4B�r(}R���6yHdK2b�&-}�)�I{ne1HUN�51r���-^(-�4^u"1H
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Design and Analysis of Intelligent Temperature Control and

Temperature Compensating System of CAT for Hydrogen Clock

LU Hua-yu

(Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China)

Abstract: This paper presents a new design of temperature control system of hydrogen clock. By

integrating three temperature control units into one system, the design can reduce size of circuit

and simplify temperature control. This design includes two parts: hardware and software. In the

hardware design, we select 32 bits ARM (Advanced RISC Machine) processor LPC2132, which

is powerful and helpful to reduce the complexity of circuit board. In the software design, we

introduce real time operation system UCOS-II (Micro Controller Operation System). By using

it, we can enhance real time performance of the temperature control system. In addition, voltage

of varactor which controls CAT (cavity auto tuning) in hydrogen clock may drift out of normal

range, and the voltage drift will influence frequency stability and drift rate of hydrogen clock

directly. Therefore, we bring forward an idea of temperature compensating for CAT, which based

on the new temperature control system.

Key words: astronomical facilities and technique; hydrogen clock; CAT (Cavity Auto Tuning);

temperature control; ARM (Advanced Risc Machine); UCOS-II (Micro Controller Operation

System)


