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)�(&�!��&��(%�
"ก�
ก���)�($�&
�*�+�������
 2��)�(���0.��$�

 �
&
�*�+2��"6.�(��������
"%��
)�&�!��&��(�&�"ก�
 20 KHz ")��
�#
 ��

�#
2���ก	�0.��!�������.	���

2'
�! ��
&�ก��$&����
!.-(
"%��
)�(&�!��&��(%�
ก��� 20 KHz  �#
�� ��%�
 �#
�
��
")�����&��������

���ก��"����� "$	�/.)�(&�ก��
��"��!.-(
���
��.	���2'
�!&����กC"�������"�8
!.-(
)�&�)�5)�
)���$�"��

%�&���".C
!.-(
"%��
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"�^�$&��)�(	��
ก�����2��"����
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 �
!.-(
"%��
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�!)���$�"��
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�
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"!�-(�
!��!�&�����ก. (Ultrasonic 

remote control) "!�-(�
.��
���ก�1+ (Ultrasonic cleaner) "!�-(�
���!��&$
� �
��	��2��%�
"ก	

����"�.�)�(!.-(
%�)��
ก.��&� "!�-(�
���!��&.�ก0.�)��0/
)�(�	�)��
)�". ����
"!�-(�
$�

	��0$
�
��������
%��
�
���
ก�� ���)�%��ก����(��$. �
)�� "�8
	�
 ���ก�1+)�(%�&���0�.
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�
�
����-(
�$�&�"�8
�.�

�
)�
ก.2��ก��%�(
��&� '�(
)���$�"ก��!.-(
"%��
���
��.	���2'


�! ก��������
��ก�5���$�-�0�.
�.�

�
)�
ก.�$�&�"�8
�.�

�
�
����-(
���
�#
�-(�"���ก��� 

��.	���2'
�!)��
���"'��+ (Ultrasonic Transducer) '�(
$.�กก��)��
�
��.	���2'
�! 0��
��ก"�8
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�<���� 2.1 $.�กก��)��
�
 �
��.	���2'
�!)��
���"'��+ 

 

 4�!%�
 !-� ��.	���2'
�!)��
%���"'��+)�(��ก��ก0��"����
&��$�0�.
%�,,�1�aa^�)�(
�$�0ก�	��&�
 �$���ก&�"�8
!.-(
"%��
���
��.	���2'
�!  
 4�!��� !-� ��.	���2'
�!)��
%���"'��+)�(��ก��ก0��"����
&��$�0�.
!.-(
"%��
���

��.	���2'
�!)�(&�	กก��)�	��&�
�$���ก&�"�8
%�,,�1�aa^�0.��
2!�

�

�#".-�ก��� ��.	���
2'
�!)��
%���"'��+���
 SRF04 '�(
��ก.���2��.�"�����
$�� ��	���� 
 

 2.1.1 "�-��)	�/��
��	�����#/"�� SRF04 
  SRF04 "�8
0/
�
�����	������0.��������)�
����!.-(
��.	���2'
�!)�(&�!��&
")�(�
	�
%�
2��%�&�������������	�#
0	� 1 "'
	�"&	����
��
 4 "&	� SRF04 ��ก��ก0��&��$�
���
�
ก���&2!�!�
2)�".��+���
���2����� �"�-(�&	��"���
 1 $�-� 2  �  �#
����ก��ก��ก��$
�
���0��ก��)��
�
)�
b��+�0��+"$&������
��(
ก��ก�������ก	+���
�
)�
���
$��
�
	+ 
  !�1%&��	� �
 SRF04 !-� ����a".�#�
 +5 V 	��
ก��ก��0%�aa^� 30 &�..�0�&�d 
���	�����0.�%�
!.-(
��.	���2'
�!���!��&��( 40 kHz �
ก��)��
�
�������)�
�
���
 3 "'
	�"&	� 
��
 3 "&	�%�,,�1��..+%��$���ก��	��
ก��)��
�
 	��
&�!��&ก���
����

��� 10�&2!���
�)� �$�
/..��f+��กก���������"�8
!��!��&ก���
��..+'�(
"�8
%��%��
ก������)�
)�(������ &� 
��".Cก!-� 
ก���
 43 &�..�"&	�  ���  20 &�..�"&	� %�
 17  &�..�"&	� %�&���	��	����� 2 0��!-� 0�� 2  

Sender Receiver 
Object 
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 %�,,�1 (Echo ก�� Trigger) 
    

 

�<���� 2.2 ���+� ADXmSRF04 0.� %�� PCB3A 
 

 SRF04 ��)��ก��%�
%�,,�1!.-(
��.	���2'
�ก��ก�� 0.���������"�.�)�(&�%�,,�1
%�)��
	��ก.��&� "��	+��	)�(�����ก SRF04 �������
���!��&ก���
��..+'�(
%�&��
f+ก������)�

 �
��	��)�(	���������!��&��(%�,,�1��.	���2'
�! �
 SRF04 !-� 40 kHz ��ก%�
��ก���
��ก�5
����!��&"�C� ���&�1 346 "&	�	����
�)� ��

�#
"&-(�)���!��&"�C��
ก��"!.-(�
)�( �
!.-(
 "�.�
"��(&	�
%�
!.-(
 0.�"�.�)�(���"%��
%�)��
ก.��&���
%�&���!��
�1$�!�� �
����)�
��� ��
0%�

ก��	�������
���)�( 2.3 

 
�<���� 2.3 $.�กก��	��������	��2��!.-(
"%��
��.	���2'
�! 
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����)�
)�(���
�#
��	��
&�ก��!��
�1!��ก.��)�
!1�	5�%	�+"&-(����ก��
�&2!�!�
2)�.".��+0.���-����"�8
"�-(�
���
��ก��%&!�� ��

�#
 SRF04 ��
���&�./.!��)�

!1�	5�%	�+	��
 3 "$.��
�#���"��������0.����ก
�#
%�
/..��f+)�(��������ก&�"�8
��..+)�(&�!��&
ก���
%�&��
f+ก������)�
)�(������ 

ก��$
��$� 
 R = ����)�
��ก"!�-(�
%�
����
��	�� 
 T = ���
"�.�)�(%�,,�1%�)��
ก.��&���
	����� 
 R = (1/2) * T * 346 (m) 
 

  2.1.1.1 ����'"ก	��&)�	�!"� SRF04 

 

                       �<���� 2.4 0%�
 �%�,,�1 �
 SRF04 0/
�
��	������0.��������)�
����!.-(
 

                          ��.	���2'
�! 

 

 &����	��%��$���ก�����
�
����)�#
$&� 4 ���  ��a".�#�
(+5 v) %��$���	��

�a".�#�
 +5v   � Echo Pulse Output (ECHO) "�8
 �"��	+��	%��$���%�
%�,,�1��..+��ก

��ก SRF04 '�(
ก�����
�
��
�� �
�#��	��" ��ก�����+	��
��	 �
�&2!�!�
2)�.".��+ 

"�-(�	������!��&ก���
 �
%�,,�1��..+)�(%�
��ก&�"�-(�0�.!��&$&����ก&�"�8


����)�
��ก!��#
$
�(
  � Trigger Pulse Input (Trigger) "�8
 ���
��	���%�,,�1)�(&�!��&

ก���
����

��� 10 �&2!���
�)�"�-(�ก��	��
ก��%���
!.-(
��.	���2'
�!!��&��( 40 kHz ��ก

%����ก�5��ก	��%�
 ��

�#
"&-(�!.-(
!��&��(��
ก.���"!.-(�
)�(��ก��)�%�(
ก�� ��
)�(����"�-#�
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$
��กC��"ก��ก��%�)��
ก.��" ��&���
	����� 0.���ก0�.
��ก&�"�8
!��&ก���
 �


%�,,�1��..+)�(����ก%�
��ก��)�
 � Echo Pulse Output 
�ก��ก
�#�
2$&�$
�(


%�,,�1 ��������
�#"�8
���%-(�%�� ��&�.�
�ก�&"�-(�%�
���%�
!��ก�����ก��

�&2!�!�
2)�.".��+   �GND%��$���	��ก����+ 

 

 

�<���� 2.5 �
�����+� ADX m SRF04 
  

�
���+� ADX m SRF04 ������"	���&!�
"
Cก"	��+ PCB0��%�& �	��/��%�
	��
0�กก�
��$���
%�,,�1 ECHO ก�� TRIGGER %��$���"�-(�&	��ก�����+�!��!�& 0.�!�
"
Cก
"	��+ IDC 	��"&��0��"���� 4  �%��$���"%���%��	��ก���
�� 

 
2.1.2 ก	��&)�	� Ultrasonic Distance Detector Module SRF04 ก�� 

(��
�
"����#-"��  
%���
�.�����4�*� C "�-(����
�
2&��. SRF04 ก���&2!�!�
2)�".��+ MCS-51 

ก��" ��
2��0ก�&4�*� C "�-(�ก��$
��$��&2!�!�
2)�".��+ MCS-51 	��	��ก��2&��. SRF04 
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%�&���)������&���ก 0.�!��"��(&	�
����ก��%���
�a.+�.����� ��ก
�#

���a.+ �.���.������" ��

2��0ก�&!��!�&	����
�# %��$����.���.�)�(%���
 �#

�#	�#
�-(���� ultrasonic.h "�8
�a.+�.���.�
%��$������
�
 SRF04 "�-(��������)�
�
$
���"'
	�"&	� 4���
�.���.� ultrasonic.h ��
ก��$
��$����
�
 � P0.0 	��" ��ก�� � Echo Pulse Output 0.� P0.1 	��" ��ก�� � Trigger Pulse I 

$.�กก��%���
a�
ก+��(
%��$����.����� Ultrasonic.h "��(&	�
����ก��ก��$
��$� P0.1 
�����
%4���.���ก y0z ก��
ก��%���
��.%+��ก)�(&�!��&ก���
����

��� 10 �&2!���
�)�"�-(�%�
�$� 
SRF04 "��(&	�
ก����
ก��%�
!.-(
��.	���2'
�! ก��$
��$� P0.1 �����
%4���.���ก y0z ก��
" ��
ก����
ก��	��������.%+��ก)�(��ก&�)�
 � Echo Pulse Output  �
 SRF04 	�#
2$&�ก��
��
 �
�)"&��+ �
)�(
�#����)"&��+ 1�
2$&�16 ��	 ����&ก��"!.���+!��ก��
���$�"�8
5�
�+ (TH1=0 
0.� TL1=0) "�-(�
�����
"�.� �
��.%+��ก)�(�����ก � Echo  �
 SRF04 '�(
	��ก�� � P0.0 %�
��.%+
��ก)�(&�!��&ก���
����

��� 10 �&2!���
�)���ก��)�
��
 � TRIGGER '�(
	������ก�� � P0.1 "�-(�
"��(&	�
ก����
ก��%���
!.-(
��.	���2'
�! (ก����
ก��
�#��ก���"
�
ก��4���	�a�
ก+��(
 trigger 
pulse)            $.�
��ก �#
	�
)�( 4 !.-(
��.	���2'
�!����ก�.�����ก%����ก�5 "&-(�"��
)�
����
��	��$�-�%�(
ก�� ��
��3 ��"ก�����ก|ก��%�)��
ก.�� �
!.-(
&���
	����� �
0/
�
�� SRF04 
��)���$� SRF04 %�
��.%+��ก)�(&�!��&ก���
"�8
%��%��
ก������)�
��ก&�)�
 � ECHO�
���

�#
 �
2��0ก�&���
	���%�� � P0.0 ��� &�ก��"�.�(�
0�.
��ก%4���.���ก y0z "�8
 y1z $�-��&� 
'�(
��� y���z ��"��(&
��"�.�����ก��"�}�ก��
���)"&��+ 1 0.�����
ก��)�(
 � P0.0 &�ก��"�.�(�

.���ก y1z "�8
 y0z ��
�}�ก��
�� �
�)"&��+1 0	���� y�&�z กC���
	���%��	.��"�.� "&-(�%�#

ก����
ก��	������!��&ก���
��.%+��ก�
0	�.����!��$
��
"�.� 10&�..���
�)� ก��)��
 �#
	�
)�( 4 ��
 6 	��"
-(�
ก�
 5 ��� "�-(��$����!��"6.�(�)�(
��"�-(��-� �
 ��&�.&�ก �#
 $.�
��ก)�(���
 ��&�.!��&ก���
��.%+0.�� 	��

����$��ก��!��!
)�($
�(
)�("$&��%&ก��!��&"�C��
ก��)��
�
 �

�&2!�!�
2)�".��+0	�.�"���+ '�(
��กก��)�.�
 ����� !��
�#
!-�114 ()�(!��&"�C� 2 ")�� �

�&2!�!�
2)�".��+ MCS-51&�	�~�
 0.�!��&��(!��%	�. 11.0592 MHz) ���.�"���� �

�a.+�.���.�0%�
�
2��0ก�&)�( 1 a�
ก+��(
"���ก���
�
�
�.���.� ultrasonic.h !-�a�
ก+��(
 
distance:  "�8
a�
ก+��(
���
!������)�
��ก SRF04 ก����	��)�(	����� 

 
  ���0��a�
ก+��(
 unsigned int distance (void) 

  ก��!-
!�� !-
!�� ��&�."�8
����)�
�
$
���"'
	�"&	� 
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����ก����� 2.1 �a.+�.���.�)�(���)��
�
���&ก��2&��. SRF04 

 

/*____________________________________________________________*/ 

//  Promgram  :  Module function read distance from SFR04 sensor  

//  Description  :  Call function control LCD display group type 4 bit 

//  Filename  :  ultrasonic.h 

// C compiler:  RIDE 51 V6.1 

/*___________________________________________________________*/ 

#include <intrins.h>          // Include library for lop function 

sbit echo = P0^0;              // Define receive pulse pin 

sbit trigger = P0^1;           // Define trigger pulse pin 

/*************************************************************/ 

/****************Function Trigger pulse for start process*************/ 

/*************************************************************/ 

void trigger pulse (void) 

{ 

     unsigned char i;           // Variable for counter 

     trigger = 1;                   // Start positive pulse 

     for (i=0;i<10;i++)         // For loop 10 time 

     _nop_();                        // Delay 1 us function 

     trigger = 0;                  // End of positive  pulse 

} 

/************************************************************/ 

/*******************Function Read distance**********************/ 
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     ����ก����� 2.1 �a.+�.���.�)�(���)��
�
���&ก��2&��. SRF04 (	��) 

 

/************************************************************/ 

Unsigned int distance() 

{ 

      unsigned int mc, dat,i ;     //  Variable for internal this function 

      trigger = 0;                    //   Initial logic low 

      echo = 1;                       //   Initial logic high 

 

 TMOD &=0x0F;            //   Configuration timer1 mode2 (16 bit counter) 

      TMOD  l =0x10; 

       H1   =   0x00;             // Initial timer1 counter value at zero 

       TL1   =    0x00; 

       TF1   =    0;                   // Clear overflow flag 

       TR1 =     0;                  // Start Timer1 

       For (i=o; i<5; i++)        // For loop 5 time for average data 

{ 

       trigger pulse ();           // Send trigger pulse signal 

       while (! echo);              //  Detect rising pulse 

        tR1 = 1;                   // Start timer count 

        while (echo);             // Detect falling pulse 

        TR1 = 0;                  // Stop timer 

        TF1 = 0;                   // Clear bit overflow flag 

        mc = TH1;                //  Keep high byte  

        mc <<= 8;                //  Shift to high byte 

        mc +=  \TL1;             //  Keep low byte 
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     ����ก����� 2.1 �a.+�.���.�)�(���)��
�
���&ก��2&��. SRF04 (	��) 

 

        TH1 = 0x00;             //   Initial timer1 counter value at zero 

        TL1 = 0x00; 

        dat    =   dat  +  (mc/5);  //  Keep positive pulse length 

        delay_ms (10);          // Delay 10 ms 

  } 

  return (dat/114);              //   Return distance cm scale 

 

2.2 ���<-#!G���H�����"- CMPS 03 Digital Compass Module 

 2.2.1 
�N������  

               ����a".�#�
 +5 	��
ก��ก��0%�aa^� 20 &�..�"&	� ���	��	������%
�&0&�"$.Cก

"���+ KMZ51  �
 Philips ���
�
 2 	�� "�-(��$�%�&���	������%
�&0&�"$.Cก�������
%&���1+

0.�&�!��&.�"����&�ก"���
�� !��&.�"���� �
&�& 0.1 �
5� !��!��&/���.�� 3-4 �
5� 

2�����&�1 $.�
��กก������0	�
 "��	+��	0��%�,,�1��.%+ !��&ก���
 1 ��
 37 &�..���
�)� 2��

��	��"��(&!��#
.� 0.1 &�..���
�)� "��	+��	 ��&�.����	�./��
ก��	��	��������% I2C ��
���%�,,�1


���ก�!��&��(%�
��
 1 MHz 2���$� ��&�. 2 ���0��!-� 0-255  0.� 0-3599   
��".Cก"���
 32 !�1 

35 &�..�"&	� %-(�%��ก���&2!�!�
2)�".��+���
��&���)�ก	��ก�. ��)� "�%�ก0%	&�d 2SX/2P, 

PIC, MCS-51, PSoC, 68HC11 )�#
/��
������% I2C 0.�����ก�����%�,,���.%+ 

 

 

 

  

 

 

�<���� 2.6 0%�
2&��." C&)�5����	�. CMPS 03 Digital Compass Module 
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2&��." C&)�5����	�. CMPS03 "�8
/.
�
 �
 Devantech (www.radio-
electronics.co.uk) ��ก0��&�"�-(������
ก��ก��$
�)�5)�
ก��"!.-(�
)�( �
$��
�
	+��	2
&�	� 
0.�
��&�����
ก��%���
"!�-(�
&-����0.�	���%��)�5������".Cก)��
�ก%+ 2��$����%��!�, �

2&��. CMPS03 !-�	��	������%
�&0&�"$.Cก"���+ KM51  �
 Philip ���
�
 2 	�� "�-(��$�&�!��&
��"���
���
ก��	���%
�&0&�"$.Cก2.ก (Earth magnetic) 0.��&2!�!�
2)�".��+"�-(����
%�,,�1��ก	��	������&����&�./."�8
 ��&�.����	�.0.�%�,,�1��.%+%��$���0��
/.ก�����
)�5)�
 

 
�<���� 2.7 0%�
���+� ADX-CMPS03 0.� %�� PCB3A 

 
 2.2.2 ��	�.�'�!	�-�ก	��&)�	� 
  ��ก���)�( 2.10 0%�
������
$
��	�0.�ก����� � �
 CMPS03 2&��." C&)�5
����	�. ��"$C
���"�8
0/
�
��)�(!�
"
Cก"	��+	����ก&�"�-(��$�"�-(�&	�������
�
 ����
 
��กC	�&"�-(����
��!��&%���ก0ก�/�����
�
ก�����+�!��!�&$��
�
	+ �
���*�) ��
2
"�	�a "�Cก"�
���"&
	+ ���ก�� (i-nex: "�8
	��0)
���$
���%�
!�� �
 Devantech �
���")5�)�����
"�8
)�
ก��) 
��
�����7
����+���0��"	��+���
 ADX-CMPS03 "�-(��$�
��2&��. CMPS03 &�	��	�#
 (2�����+� 
ADX-CMPS03 	��
���'-#�0�ก) 
 
   
 
 
 
 
 

http://www.radio-electronics.co.uk/
http://www.radio-electronics.co.uk/
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�<���� 2.8 0%�
������
0.�	��0$
�
 �%��$���ก��	�����
�
 
 
 ���+� ADX-CMPS03 ������"	���&!�
"
Cก"	��+ PCB 3  �	��/��%��$���"�-(�&	��ก�����+�
!��!�&$��
�
	+ 0.�!�
"
Cก"	��+ IDC 	��"&��0��"��(��  �%��$���"%���%��	���
��"���+AWG#22 
"�-(�	��ก��0/
�
��$�-�"������+� 
�ก��ก
�#
��
&�%��	'+ก�%��$�������	�#
!�� (calibration) "�-(�
ก��$
�	��0$
�
���
��
 2���
�� �
���+� ADX-CMPS03 0%�
��
��� 2.11 
 

 
 
 
 
 
 
 
 
 
 
 

 
�<���� 2.9 0%�
�
�� �
���+� ADX-CMPS03 0.� ก��"�-(�&	��2&��. CMP03 
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 2.2.3 ก	�������'�
'	��H�	�")	�"�����<- CMPS03 
  "�-(��$�ก�����)�5)�
 �
2&��. CMPS03 &�!��&0&�
���&�ก)�(%�� ��
&���
��	
%��$���ก������0	�
!��)�5)�
���
��
 )�#

�#"�-(����2��
+�
ก��ก��$
����
��
"6���%��$���
/�����
�
 2��	��
�^�
%�,,�1.���ก y0z " ��)�( ���
��	%��$�������0	�
2&��. CMPS03 '�(
กC!-� � 
6 $�ก������+� ADX-CMPS03 ก��2&��. CMPS03 ��&�%��	'+ก�	���.������	��	�#
����$�0.�� ก��
����0	�
&� �#
	�
��

�# 

2.2.3.1 ��
2&��. CMPS03  
�
ก���-#
 $�
���
 �
2&��.��)�
)�5"$
-�ก�%��	'+ 
1 !��#
 

2.2.3.2 ��
2&��. CMPS03  
�
ก���-#
 $�
���
 �
2&��.��)�
)�5	���
��ก ก�
%��	'+ 

2.2.3.3 ��
2&��. CMPS03  
�
ก���-#
 $�
���
 �
2&��.��)�
)�5�	� ก�%��	'+ 1 
!��#
 

2.2.3.4 ��
2&��. CMPS03  
�
ก���-#
 $�
���
 �
2&��.��)�
)�5)�
	���
	ก 
ก�%��	'+ 

  "�8
��
%�#
%��ก������	�#
!��)�5)�
���
��
 �
2&��. CMPS03 2��2&��.��"กC�!�����
��

�#
����
$
���!��&����������&0.��&�	��
����	�#
!���$&�"&-(������a".�#�
!��#
�$&� 
  
 2.2.4 ก	�"'	�
'	��SS	N#"	��T��!"����<- CMPS03  
          2.2.4.1 ก	�"'	�
'	��H�	��	ก#"	��T����SS	NT�-�� 

   ก�����
!��%�,,�1�
2$&�
�# "�8
ก��
��!��!��&ก���
��.%+)�(�����ก"��	+��	
%�,,�1��.%+ �
2&��. CMPS03 &�����	��0$
�
�
5� ��ก 0 ��
 359.9 �
5� 2��&����
 �
!��
!��&ก���
%�,,�1��.%+��ก 1 &�..���
�)����
��
 36.99 &�..���
�)� &�!��&.�"���� 0.1&�..���
�)�
	���
5� �
%�,,�1��.%+0	�.��'"ก�. &����
.���ก y0z ก���
 65 &�..���
�)� 

   ��

�#
�
ก��
��%�,,�1��.%+&����&�./."�8
!��&�& ��
	��
���ก��
��!��&
ก���
 �
%�,,�1��.%+"�8
$.�ก�
ก��!��
�1$�!��&�&)�(2&��. CMPS03 ������ 

 
        2.2.4.2 ���"%'	�����ก������&)
��
����	.���#���ก�����U 2SX �-� i-Stamp 
   ก�����
�
���&ก��"�%�ก0%	&�d 2SX 0.� i-Stamp 
�#
 �����!��%�(
 PULSIN �


ก��
��%�,,�1��.%+ 2����"��(&!��ก��
�� �#
)�ก3 0.8 �&2!���
�)� ��

�#
)�(!��&ก���
 �
��.%+)�( 
1 &�..���
�)�%��$���	��0$
�
 0 �
5� "�%�ก0%	&�d 2SX 0.� i-Stamp ��
��!�����")��ก�� 1,250 ��
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'{$STAMP BS2sx} 
'{$PBASIC 2.5} 
bearing VAR WORD 
main: 
 PULSIN 4, 1, bearing   ' Get reading 

bearing =  (bearing-1250)/125   ' BS2sx - Calculate Bearing 
      ' in degrees 
DEBUG "Compass Bearing ", DEC3 bearing, CR 
      ' Display Compass Bearing 

GOTO main 

 

%�&������!��
�#"�8
������
��
)�( 0 �
5� "&-(�	��
ก��)���!��&�&)�(0)����
 �$�
��!��&�&)�(
�����.����� 
1,250 0.��$������125 กC�����&�&�
$
����
5�)�(	��
ก�� 0.����.�"���� �
2��0ก�&0%�
�

2��0ก�&)�( 2 

   )�(!��&ก���
��.%+%�
%��!-� 36.99 &�..���
�)� !��)�(
�������ก!��%�(
 PULSIN ")��ก�� 
46,237 "&-(�.����� 1,250 0.��$������ 125 "�-(�0�.
"�8
�
5� !��%�
%��)�(0%�
"�8
/..��f+���!-� 
359 "�8
!��$
����
5�%�
%��
�(
"�
 

 

 ����ก����� 2.2 0%�
ก�����
!��%�,,�1��.%+��ก2&��. CMPS03 
 

 

 

�	�	����  2.1 0%�
	��0$
�
����%"	��+4���
2&��. CMPS03 
 

	��0$
�
����%"	��+ ���.�"���� 
0 	��". 0%�
���
 �
���+� CMP03 
1 %�
!��	��0$
�
0��$��� (0-255) 

2,3 
%�
!��	��0$
�
0��.�"��������	��".  16 ��	 (0-3599) 
%�&���0�.
!��"�-(�0%�
�
5� 0-359.9 �
5����2��	�
 

4,5 
%��$���	���%��!��4���
  2����0%�
!��!��&	��
 �
  
Sensor 1 "�8
	��".  16 ��	0��!��"!�-(�
$&�� 
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�	�	����  2.1 0%�
	��0$
�
����%"	��+4���
2&��. CMPS03 (	��) 

 

	��0$
�
����%"	��+ ���.�"���� 

6,7 %��$���	���%��!��4���
  2����0%�
!��!��&	��
 �
 
Sensor 1 "�8
	��".  16 ��	0��!��"!�-(�
$&�� 

8,9 
0%�
!��	��". ก������0	�
4���
 (calibration  value 1) 
"�8
	��".  16 ��	0��!��"!�-(�
$&�� 

10,11 
0%�
!��	��". ก������0	�
4���
 (calibration  value 2) 
"�8
	��".  16 ��	0��!��"!�-(�
$&�� 

12,13 �&����
�
���
!�����"�8
 0 
14 �&����
�
  �&����ก��$
�!����� 

15 
!��%�(
%��$���ก������0	�
!��  2��"&-(�	��
ก������0	�
!��  	��
" ��

 ��&�. 255 " ��)�(����%"	��+	��0$
�

�# 

 

 2.2.5 ก	�"'	�
'	��H�	�#�X�!)"�<-�����"-Y'	�������� I2C 

  ก�����
!����ก2&��.  CMPS03 �$����!��)�(&�!��&0&�
���%�
!��".-�ก"��	+��	

 ��&�.����	�./��
������% I2C 2��2&��. CMPS03 %�&���%�
 ��&�. �
	��0$
�
��ก&�)�(!��&

.�"����%�
%�� 0.1 �
5� 2���&����"�8
	��
&�ก��!��
�1$�-�0�.
!���� 3 ��ก 

  

 2.2.6 �<����ก	��[�"�	�!)"�<-��� I2C 

  ��% I2C "�-(�&	��ก���&2!�!�
2)�.".��+2�����%��%�,,�1 2 "%�
 ���0ก� � 

SDA (���0.�%�
 ��&�.) 0.� SCL ( �%�,,�1
���ก�) 2�� �%�,,�1)�#
%�
��	��
	��	��

	��
)�
��.���	�����"�-(�ก��$
�%��
�.���ก y1z �$�ก��������% 
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2.2.7 -�	���!�\�ก	�����'" 

  !��0��"��% �
2&��.  CMPS03 !-� $C0 %��$���ก��%�
 ��&�. 0.� $C1 %��$���

ก�����
!�� ��&�. 2�� �#
	�
ก��	��	��ก��2&��. CMPS03 "�-(����
 ��&�.��

�# 

%�
��	"��(&	�
$�-� Start bit "�-(�0��
�$�������% I2C "	���&����&��� ��&�. %�


!��0��"��% $C0 "�-(��������	��
ก��	��	��"�-(�" ��
 ��&�.����
ก��2&��. CMPS03 %�
!��	��0$
�


����%"	��+4���
2&��. CMPS03 )�(	��
ก�����
!�� '�(
&����.�"����0%�
�
	���
)�( 1 %�
!��

0��"��% $C1 "�-(��������	��
ก�����
!�� ��&�.��ก2&��. CMP03���
!�� ��&�.��ก2&��. CMPS03 

&�"กC�����
$
���!��&��� %�
��	$���$�-� stop "�-(�$���ก��%-(�%�� ��&�.0.�ก��$
��$���%�����


%4�����%���
 ��ก.����� �#
ก��	��	��%-(�%�� ��
	�
 %�&���
��&�" ��
"�8
2��0ก�&	������
"�-(�

���
 ��&�.��ก2&��. CMPS03 2�����"�%�ก0%	&�d 2SX $�-� i-Stamp �����
0%�
�
2��0ก�&)�( 

2.3 

 

 

 

 

 

 

 

 

�<���� 2.10 0%�
�)&�(
����0ก�& �
ก��	��	��%-(�%��ก��2&��. CMPS03 /��
������% I2C 
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����ก����� 2.3 ���
!����ก2&��. CMP03 /��
������% I2C  �
 i-Stamp 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

'{$STAMP BS2sx} 
'{$PBASIC 2.5} 
SDA   CON   6   ' I2C serial data line 
SCL   CON   7   ' I2C serial clock line 
WrCMPS03  CON   $C0   ' write to compass 
RdCMPS03  CON   $C1   ' read from compass 
Ack   CON   0   ' acknowledge bit 
Nak   CON   1   ' no ack bit 
i2cSDA  VAR   NIB   ' I2C serial data pin 
i2cData   VAR   WORD   ' data to/from device 
REGISTER  VAR   BYTE   ' register address 
i2cWork  VAR  BYTE   ' work byte for TX routine 
i2cAck   VAR   BIT   ' Ack bit from device 
temp   VAR   WORD   ' for rj printing 
digits   VAR   NIB 
width   VAR   NIB 
Init: 
  PAUSE 250 
 i2cSDA = SDA     ' define SDA pin 
 REGISTER = 0     ' compass revision number 
 GOSUB Read Byte 
 DEBUG 2, 1, 1, "Revision Number = y, DEC2 i2cData 
Main: 
 REGISTER = 1     ' Show Data 0-255 for 0-360 degree 
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����ก����� 2.3 ���
!����ก2&��. CMP03 /��
������% I2C  �
 i-Stamp (	��) 
 

 
 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 GOSUB Read Byte   ' Read Byte from I2C 
 DEBUG 2, 1, 3, "The Coarse Data (0-255) = y, DEC i2cData 
 REGISTER = 2   ' get Data in degrees, 0.0 - 359.9 Degree 
 GOSUB Read Word 
 DEBUG 2, 1, 5, "Position = ", DEC i2cData/10,".", DEC1 i2cData," Degree" 
 PAUSE 250 
 GOTO Main 
]Compass Access Subroutines 

]Writes low byte of i2cData to REGISTER 
Write Byte: 
 GOSUB I2C_Start 
 i2cWork = WrCMPS03 
 GOSUB I2C_TX_Byte   ' send device address 
 i2cWork = REGISTER 
 GOSUB I2C_TX_Byte   ' send register number 
 i2cWork = i2cData.LOWBYTE 
 GOSUB I2C_TX_Byte  ' send the data 
 GOSUB I2C_Stop 
 RETURN 
]Writes i2cData to REGISTER 
Write Word: 
 GOSUB I2C_Start 
 i2cWork = WrCMPS03 
 GOSUB I2C_TX_Byte   ' send device address 
 i2cWork = REGISTER 
 GOSUB I2C_TX_Byte '   send register number 
 i2cWork = i2cData.HIGHBYTE 
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����ก����� 2.3 ���
!����ก2&��. CMP03 /��
������% I2C  �
 i-Stamp (	��) 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 GOSUB I2C_Stop 
 RETURN 

' Read i2cData (8 bits) from REGISTER 
Read_Byte: GOSUB I2C_Start 
 i2cWork = WrCMPS03 
 GOSUB I2C_TX_Byte   ' send compass address 
 i2cWork = REGISTER 
 GOSUB I2C_TX_Byte   ' send register number 
 GOSUB I2C_Start    repeat start (sets register) 
 i2cWork = RdCMPS03 
 GOSUB I2C_TX_Byte   ' send read command 
 GOSUB I2C_RX_Byte_Nak 
 GOSUB I2C_Stop 
I 2cData = i2cWork   ' return the data 
 RETURN 
]Read i2cData (16 bits) from REGISTER 
Read Word: GOSUB I2C_Start 
 i2cWork = WrCMPS03 
 GOSUB I2C_TX_Byte   ' send compass address 
 i2cWork = REGISTER 
 GOSUB I2C_TX_Byte   ' send register number 
 GOSUB I2C_Start   ' repeat start (sets register) 
 i2cWork = RdCMPS03 
 GOSUB I2C_TX_Byte   ' send read command 
 GOSUB I2C_RX_Byte 
 i2cData.HIGHBYTE = i2cWork  ' read high byte of data 
 GOSUB I2C_RX_Byte_Nak 
 GOSUB I2C_Stop 
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����ก����� 2.3 ���
!����ก2&��. CMP03 /��
������% I2C  �
 i-Stamp (	��) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

]Low Level I2C Subroutines 

'Start 
I2C_Start:  INPUT i2Csda     ' I2C start bit sequence 
  INPUT SCL 
  LOW i2cSDA     ' SDA -> low while SCL high 
Clock Hold: 
 IF (INS.LOWBIT(SCL) = 0) THEN Clock Hold  ' device ready? 
 RETURN 
'Transmit 
I2C_TX_Byte: 
 SHIFTOUT i2cSDA, SCL, MSBFIRST,[i2cWork\8]  ' send byte to device 
 SHIFTIN i2cSDA, SCL, MSBPRE,[i2cAck\1]   ' get acknowledge bit 
 RETURN 
'Receive 
I2C_RX_Byte_Nak:  i2cAck = Nak     ' no Ack = high 
   GOTO I2C_RX 
I2C_RX_Byte:   i2cAck = Ack     ' Ack = low 
I2C_RX: 
 SHIFTIN i2cSDA, SCL, MSBPRE, [i2cWork\8]   ' get byte from device 
 SHIFTOUT i2cSDA, SCL, LSBFIRST,[i2cAck\1]   ' send ack or nak 
 RETURN 
'Stop 
I2C_Stop:  LOW i2cSDA      ' I2C stop bit sequence 
  INPUT SCL 
  INPUT i2cSDA      ' SDA --> high while 
SCL  
RETURN 
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�<���� 2.11 0%�
$
���� �
 Debug terminal 0%�
 ��&�.)�(���
�����ก2&��. CMPS03 

 

 2.2.8 ก	���	�	�!"�����ก����� 2 ����'"ก�����<- CMPS03 Y'	�������� I2C �)�% i-

Stamp 

  "
-(�
��ก"�%�ก0%	&�d 2SX 0.� i-Stamp �&�&�!��%�(
	��	��ก��������% I2C ��

�#
  

2��0ก�&	��	��2&��. CMPS03 /��
������% I2C ��
!��
 ��
���  "
-(�
��ก	��
%���
2��0ก�&

����%��$���ก��%-(�%�� ��&�.ก��������% I2C $.�
��ก
�#/�����
�
%�&���
��2��0ก�&����
�#��

�����ก	+���
�
ก�����ก�1+	���-(
 3 )�(������ก��	��	��������% I2C ���)�
)�  %��$��� �#
	�
ก��

)��
�
$.�ก 3  �
2��0ก�&)�( 2 &���

�# 

  ก��$
�����%"	��+"�8
 0 "�-(�	��	�����
!��"���+��
 �
2&��. CMPS03 ��ก
�#
���


!��&�0%�
)�($
��	��
 Debug terminal �$�2��0ก�&�
.��)�(2��0ก�&$.�ก ��ก
�#
%�
!������%"	��+

")��ก�� 1 "�-(����
!�� ��&�.0��$�����ก&� 0.��
��&�0%�
/.)�($
��	��
 3 Debug terminal %�
!��

����%"	��+")��ก�� 2 "�-(����
!�� ��&�.0��.�"���� ��ก
�#
%�(
���
!�� ��&�.��ก��% I2C 0��"���+� 

(���
 ��&�.��ก&� 16 ��	)
��!�� ��&�.)�(���$������ 10 ก��
"�-(�0�.
!��)�(���"�8
�
5� 0%�
)�(
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$
��	��
 Debug terminal ��ก
�#

��!��$.�ก%��)���&�0%�
 '�(
	��0$
�
%��)���"�8
	��0$
�
 �
���

)5
��& 

 

 2.2.9 ก	�������'�
'	!"����<- CMPS03 Y'	��	�������� I2C 

  ก������0	�
!��)��2��ก��%�
!�� 0xFF ����
����%"	��+ 15  �
2&��. CMPS03 2��

��	��
%�
!�� 4 !��#
0.�����)�5)�
$.�ก 3 4 )�5)�
"��
"����ก��ก��ก��$
�!������%��	'+2��	�
 &�

 �#
	�
��

�# 

  2.2.9.1 ��
2&��. CMPS03  
�
ก���-#
 $�
���
$
�� �
2&��.��)�
)�5"$
-� 

��ก
�#
" ��
!�� 255 (0xFF) ����
����%"	��+ 15 

  2.2.9.2 ��
2&��. CMPS03  
�
ก���-#
 $�
���
$
�� �
2&��.��)�
)�5

	���
��ก " ��
!�� 255 (0xFF) ����
����%"	��+ 15 

  2.2.9.3 ��
2&��. CMPS03  
�
ก���-#
 $�
���
$
�� �
2&��.��)�
)�5�	� ก�

%��	'+ " ��
!�� 255 (0xFF) ����
����%"	��+ 15 

  2.2.9.4 ��
2&��. CMPS03  
�
ก���-#
 $�
���
$
�� �
2&��.��)�
)�5

	���
	ก ก�%��	'+ " ��
!�� 255 (0xFF) ����
����%"	��+ 15 

 $.�
��ก����0	�
!��0.��!��)�(����0	�
��"กC����)�($
���!��&����������&  ��

�#
0&��&�

�����a�$�ก�����+�   ��&�.)�(����0	�
0.��  ����
!
����	���� 

 

2.3 ก	�
��
���"#�"���)�%��#-%� 
 ��".�+"�8
%��	�+)�()��
�
2����5��0&�"$.Cก )���$�"ก��ก��	��$�-�	���
���aa^�"��
����

ก��!��!�&&�"	��+"�8
	�
 
 ��".�+)�(���ก�
�����
�������
%�&���0��
��ก"�8
�
��	��
3	�&$.�กก��)��
�
��� 2 �
��
!-� Electromechanical Relay 0.� Solid State relay 
 2��2!�

�

�#���5�ก*�0.����
�
��".�+�
�� Electromechanical Relay 
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 2.3.1 Electromechanical Relay 
  Electromechanical Relay !-���".�+)�(��5��ก��0%�aa^�%���
0�
��
���$�-�0�

0&�"$.Cก)���$�"ก��ก��"!.-(�
)�()�
ก. �
$
��%�&/�% 4���
2!�
%���
 �
 ��".�+ �����ก����
���� �.�� (Coil) 1 ��� 0.� $
��%�&/�% (Contactor) '�(
�
$
��%�&/�% 1 ��� �����ก�������� 
  2.3.1.1 $
��%�&/�%0���ก	��}� (Normally Close $�-� NC.) '�(
�
%4����ก	�  �

�#��	������ก�� ����& (Common) 
  2.3.1.2 $
��%�&/�%0���ก	�"�}� (Normally Open $�-� NO.)  �
�#��	��" ��ก�� �
���& (Common) "&-(� �.��&�0�
��
	ก!���& $�-�ก��0%�$./��
 (�
���&�1)�("���
��) �
��".�+ 
1 	�� ���&�$
��%�&/�%&�กก��� 1 ��� "��
 2 ���, 4 ��� "�8
	�
 "&-(� �.��������0�
��
	ก!���& ( � 
A 0.� B) ��)���$�&�ก��0%�$./��
 �.�� '�(
��)���$�"ก�����
��%
�&0&�"$.Cก ��
����$�
$
��%�&/�% NO0.� C 	��ก�
 
 
 
 
 
 
 
 
 

�<���� 2.12 2!�
%���
 �
��".�+�
�� �
��".�+ 
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�<���� 2.13 �
�� �
��".�+ 

 
 �
��)�("����)�.�
ก�
�
!���
�# �����ก�������� ��".�+ 2 	�� !-� RY1 0.� RY2 '�(
 
LoadกC!-� DC-Motor '�(
	������ก�� ����& (C.)  �
 RY1. 0.� RY2. 2�� �#���ก (+)  �
&�"	��+ 
	������)�( � C.  �
RY1 0.� �#�.� (-)  �
&�"	��+ 	������)�( � C.  �
 RY2 2��)�( � NO.  �
 RY1 
0.� RY2 ��	������ก�� �#���ก �
0$.�
�����a )�(�������$�&�"	��+ (Vcc) 0.� � NC.  �
 RY1 
0.� RY2 ��	��.
ก����+ 
 ก��)��
�
��0%�
��ก"�8
 2 ก�1�!-� 
ก�1�)�( 1 RY 1 )��
�
 
 
 
 
 
 
 
 
 

�<���� 2.14 .�ก*1�ก��)��
�
 �
 RY 1 
 
 "&-(� RY1 )��
�
 (&�ก��0%�$./��
 �.���
���&�1)�("���
��) ��)���$�"ก�����
��
%
�&0&�"$.Cก�aa^� ��
����$� � NO 0.� � C  �
 RY1 	��ก�
 %�
/.�$�&�ก��0%�$.��ก
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0$.�
���� (Vcc) /��
" ��%�� �#���ก (+)  �
&�"	��+ /��
����
 � C  �
 RY2 '�(
	������)�( NC 0.�.

ก����+ )���$�&�ก��0%�$./��
&�"	��+�
)�5)�
��ก 0.�!���
�� ��
)���$�&�"	��+%�&���$&�
 
�
)�5)�
 Forward ��� 
ก�1�)�( 2 RY 2 )��
�
 
 
 

�<���� 2.15 .�ก*1�ก��)��
�
 �
 RY 2 
 
 "&-(� RY2 )��
�
 (&�ก��0%�$./��
 �.���
���&�1)�("���
��) ��)���$�"ก�����
��
%
�&0&�"$.Cก�aa^� ��
����$� � NO 0.� � C  �
 RY2 	��ก�
 %�
/.�$�&�ก��0%�$.��ก
0$.�
���� (Vcc) /��
" ��%�� �#�.� (-)  �
&�"	��+ /��
����
 � C  �
 RY1 '�(
	������)�( NC 0.�.

ก����+ )���$�&�ก��0%�$./��
&�"	��+�
)�5)�
.� 0.�!���
�� ��
)���$�&�"	��+%�&���$&�
 
�
)�5)�
 Reward ��� 
 
2.4 �k��)��	�/��#�"�� (Photo Transistor) 
 2a2	�)��
'�%"	��+ &�2!�
%���
0	ก	��
��ก2�2	���2�� !-����"�1)�(���0%
!-����	��
��-"�C
��$���
"�%ก��!�.".ก"	��+ (B-C) 0.�ก��0%�$./��
)��
'�%"	��+��$���
 �#���&�	"	��+
ก��!�.".ก"	��+ 2a2	�)��
'�%"	��+"�����"$&-�
%��	'+0%
 (Light Switch) "����"&-(�&�0%
	ก
ก��)����	����$���
 B-C ��)���$�)��
'�%"	��+)��
�
 &�ก��0%!�.".	"	��+�$.(I

C
) 	�&

%&ก��    I
C 
= βI

B
     (1) 

  "&-(�  I
C 
ก��0%!�.".ก"	��+  

   β ��	�� ���ก��0% �
2a2	�)��
'�"	��+  
   I

B 
ก��0%"�%"ก����ก0%
%���
	กก��)���$���
���	�� B-C  



27 
 

.�ก*1� �
2!�
%���
0.�%�,.�ก*1+ �
2�2	�)��
'�%"	��+ ��
���)�( 2.18 
 

 

 

 

 

 

 

 

�<���� 2.16 2!�
%���
0.�%�,.�ก*1+ �
2a2	�)��
'�%"	��+ 
 

 2.4.1 ก	���	�	�!"��k��)��	�/��#�"��  
         "&-(�����%2a2	�)��
'�%"	��+ 2������%0�
��
��$���
 �#���&�	"	��+ก��!�.".ก"	��+ 
%��$���"�%�&�	��
�$�����%  1�)�(�&�&�0%
	กก��)����	�� �
"�%-!�.".ก"	��+ )��
'�%"	��+
���&�)��
�
 ��&�ก��0%��(��$.��$���
���	��!�.".ก"	��+ก����&�	"	��+���
�
$
�(
 "���ก��� Dark 
Current "&-(�0%
)�(&�!��&%���
".Cก
���)�(���	��"�%-!�.".ก"	��+��)���$�ก��0% I

C 
�$.��� 0.�

"��(&!��&%���
 �
0%
�$�&�ก �#
 !��ก��0% I
C 
��%�
 �#
	�&������ 	�&ก��a�
���)�( 2.21 

 

 

 

 

 

 

 

 

 

 

�<���� 2.17 ก��a0%�
.�ก*1�%&��	� �
2a2	�)��
'�%"	��+ 
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 2.4.2 ก	����%�ก���&)�	��k��)��	�/��#�"��  
         
��&
��2a2	�)��
'�%"	��+�����"�8
%��	'+0%
$�-�	������0%
(Lighting Sensor) 
"&-(�0%
	กก��)�)�(	��2a2	�)��
'�%"	��+���"�1".
%+���
�
 ��)���$�)��
'�%"	��+)��
�
���
�
.�ก*1�"�}�-�}� (On-Off Control) %�&���!��!�&ก��"�}�-�}� �
��".�+$�-����ก�1+�aa^��-(
 3 
��� ��
���)�( 2.22 
 
 

 

 

 

 

 

 

 

 

 

 

�<���� 2.18 ก��
��2a2	�)��
'�%"	��+ �����ก	+"�8
�
��!��!�&ก��"�}�-�}� 
 

 
2.5 #/�#/"��"��k�	#��  
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�
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��
a��"��
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��
a��"��%�)��
ก.��&�$�-��&� ���&� กC0%�
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�
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�� (���)�( 2.21) ����)��
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����
"���� (��(
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กC%�)��
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���) 0	� �#
ก��%�0.�.�ก*1� �
�-#
/�� "��
��	��%�����&�%�)��
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��
a��"�� ��	��/��
 �� ��%�)��
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���
���ก�����	��/��"����&�
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�#)���$���ก)�(�����"'
"'��+��
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�(
กC!-���
!��#
"'
"'��+��
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0%
��
a��"��)�(����������ก������
��
����$��
��ก��	��ก�� ��
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���
�ก 
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�
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"'��+��
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 ��
%�#
 ��
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����ก��"!.-(�
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)�)�(	��������	�������ก"'
"'��+��
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�<���� 2.19 ก��)��
�
 �
"'
"'��+��
a��"�� 

 
 2.5.1 �Y�������������.��-)" ZX-21 

         ��5��$.�กก��%�)��
 �
0%
��
a��"��0/
�
��
�#�����ก�������
��)�(�������

%�,,�1����	�. "&-(�	��2a2	�)��
'�%"	��+������0%
��
a��"��%�)��
ก.��
��������"��	+��	

"�8
 "1" $�ก������0%
��
a��"��%�)��
ก.��&�&�ก���$�"��	+��	"�8
 "0" 
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2.6 (��
�
"����-#-"�����ก<- 51 

 2.6.1 
�N������!"�(��
�
"����-#-"�� MCS-51   

 2.6.1.1 "�8
�&2!�!�
2)�".��+ 
�� 8 ��	  
  2.6.1.2 &�$
���!��&���4���
0��0a.	 
�� 4 ก�2.��	+ $�-� 8 ก�2.��	+ )�(
2��0ก�&4���
�
��%�&���" ��
0.�.������
��
!��#
 

 2.6.1.3 &�%��%�,,�1%��$���	��ก����
��	/"��	+��	��� 32 "%�
 (0�� 2 
%�
)�5)�
) 

 2.6.1.4 &�$
���!��&�����(�!��� (ROM) 4���
 
�� 128 ��	+$�-� 256 ก�2.��	+ 
 2.6.1.5 ���!��&��(%�,,�1
���ก�	�#
0	� 0 Hz �
��
 24 Hz 
 2.6.1.6 &��
��	�#
"�.�0.�
��%�,,�1"�.� 
�� 16 ��	 ���
�
 2 $�-� 3 ��� 
 2.6.1.7 &��
�����%�,,�1��
"	��+���)+����&�	��ก��� 6 �
�� 
 2.6.1.8 %�&���	�� ���$
���!��&���4��
�ก���%�
%�� 64 ก�2.��	+ 
  &��
��%-(�%��0��%-(�%�� 2 )�
"	C&��	�� 0.�&�!��%�(
)�(���4�*�0�%

0'&�.�)�#
$&� 111 !��%�(
 2!�
%���
�-#
~�
 �
 MCS-51 &�%��
���ก��	��
3 ��
�
���)�( 2.25  
 
  

 

 

 

 

 

 

 

 

 

�<����  2.21 2!�
%���
�-#
~�
 �
�&2!�!�
2)�.".��+ 

 



 

       ���ก����'��&2!�!�
2)�.".��+	��ก�.

"�-(��$�"$&��%&ก��ก�������ก	+���
�
0	�.����"4) 

4���
 �
��	�#
"�.�/
��"�.� 0.������ �
ก����
"	��+���)+

�	�	���� 2.2 0%�
���.�"���� �
�&2!�!�
2)�.".��+	��ก�. 

(��
�
"����#-"�� 
$
���!��&���

4���
0�� 

EPROM , 

EEPROM

8051 4 

8051AH 4 

8051AH 8 

8031AH �&�&�

8032AH �&�&�

8031 �&�&�

8751H 4 

8751H-12 4 

 

 

���ก����'��&2!�!�
2)�.".��+	��ก�.  MCS-51 )�(/��/.�	���%���
 �#
&�$.�����

�#
กC

"�-(��$�"$&��%&ก��ก�������ก	+���
�
0	�.����"4) ��
���)�( 2.2 0%�
���
�
 �
$
���!��&���

"�.� 0.������ �
ก����
"	��+���)+ �
0	�.����
 

0%�
���.�"���� �
�&2!�!�
2)�.".��+	��ก�. MCS-51 

.�'�%
�	���	m	%�� 

 (internal memory) 

��\�#�-	/���#�-	

( time/counter )

$
���!��&���

4���
0��  

EPROM , 

EEPROM 

 ��&�. RAM 

4 kb  8 Rom 128 8 bit 2  16 bit

4 kb  8 Rom 128 8 bit 2  16 bit

8 kb  8 Rom 256  8 bit 3  16 bit

�&�&� 128 8 bit 2  16 bit

�&�&� 256  8 bit 3  16 bit

�&�&� 128 8 bit 2  16 bit

4 kb  8 Rom 128 8 bit 2  16 bit

4 kb  8 Rom 128 8 bit 2  16 bit
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)�(/��/.�	���%���
 �#
&�$.�����

�#
กC

0%�
���
�
 �
$
���!��&���

���#�-	 

( time/counter ) 

��SS	N

"��#�"����T�� 

16 bit 6 

16 bit 5 

16 bit 6 

16 bit 5 

16 bit 5 

16 bit 5 

16 bit 5 

16 bit 5 



 

       
�ก��ก
�#��
&���ก$.�����*�))�()��ก��/.�	�&2!�!�
2)�.".��+

��7
�"��(&"	�& �#
 �
%��
 �
!��&"�C�0.�$
���!��&���4���
2�����$
���!��&���0��0a.� 

(Flash Memory) )���$������ก	+���
�
���
���0.�"�8
)�(
��&���ก�
&�ก �#
 %��
2!�
%���
0.�!��%�(


 �
2��0ก�&กC��
���"$&-�
"��& 0%�
	������
��


�	�	���� 2.3 �&2!�!�
2)�.".��+	��ก�.

(��
�
"� 

���#-"�� 
$
���!��

4���
0�

EPROM,

AT89C1051 

AT89C2051 

AT89C4051 

AT89C51 

AT89C52 

AT89S52 

AT89C55 

AT89S8252 
        8 KB 

( 2kb EEPROM )

AT89S53 


�ก��ก
�#��
&���ก$.�����*�))�()��ก��/.�	�&2!�!�
2)�.".��+MCS-51

�
%��
 �
!��&"�C�0.�$
���!��&���4���
2�����$
���!��&���0��0a.� 

)���$������ก	+���
�
���
���0.�"�8
)�(
��&���ก�
&�ก �#
 %��
2!�
%���
0.�!��%�(


&-�
"��& 0%�
	������
��
	���
)�( 2.3 

�&2!�!�
2)�.".��+	��ก�. MCS-51 )�(/.�	2�����*�) ATMEL

.�'�%
�	���	m	%�� 

(internal memory) 
��\�#�-	/���#�-	

( time/counter )
$
���!��&���

4���
0��

PROM,EEPROM 

 ��&�. RAM 

1 kb  8    64 8 bit 2  16 bit

2 kb  8  128 8 bit 2  16 bit

4 kb  8  128  8 bit 2  16 bit

4 kb  8 128 8 bit 2  16 bit

8 kb  8 256  8bit 3  16 bit

8 kb  8 256  8bit 3  16 bit

20 kb  8  256  8 bit 3  16 bit

8 KB  8 

( 2kb EEPROM ) 
256  8 bit 3  16 bit

12 kb  8 256  8 bit 3  16 bit
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51����&)�#
&�ก��

�
%��
 �
!��&"�C�0.�$
���!��&���4���
2�����$
���!��&���0��0a.� 

)���$������ก	+���
�
���
���0.�"�8
)�(
��&���ก�
&�ก �#
 %��
2!�
%���
0.�!��%�(


ATMEL 

���#�-	 

( time/counter ) 

��SS	N

"��#�"����T�� 

16 bit 6 

16 bit 6 

16 bit 6 

16 bit 6 

16 bit 8 

16 bit 8 

16 bit 8 

16 bit 9 

16 bit 9 
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 2.6.2 �
����)	�m	%��!"�(��
�
"����-#-"�����ก<- MCS-51   

     �
��4���
 �
�&2!�!�
2)�.".��+	��ก�.  MCS-51 ���ก�������
����
��	

0.�"��	+��	)�#
$&� 4 ���+	  0	�.����+	��"�8
 8 ��	  $
���!��&���2��0ก�&4���
  (EPROM 

, EEPROM 0.� Flash) $
���!��&���)�("�8
 ��&�.
�#
 (RAM) '�(
�������
�
��$.�ก �
 

�&2!�!�
2)�.".��+	��ก�.  MCS-51 	.���
�
��ก��!��
�1)�
!1�	5�%	�+0.�.���ก 

(ALU) �
������%"	��+)�(���  0.�����%"	��+a�
ก+��(
ก�����
�
"6���  0%�
��
���)�( 2.26 

 

 

 

 

 

 

 

 

�<���� 2.22 2!�
%���
4���
 �
�&2!�!�
2)�.".��+ MCS-51 

 2.6.3 ก	������	�.�'�!	!"�(��
�
"����-#-"�����ก<- MCS-51 

           �&2!�!�
2)�.".��+	��ก�. MCS-51 )�ก"���+
�#
��&�2!�
%���
0.�ก�����
�


�-#
~�
"$&-�
ก�
��
	������

�# "��
 0����� (DIP) '�(
&�)�#
$&� 40  � ���0��
ก�����
�
��ก"�8


��
��	/"��	+��	 (Input/output Port)  �%�,,�1!��!�&  �%�,,�1ก��$
�	��0$
�


$
���!��&��� 0.� �%�,,�1 ��&�. ��
��� 2.27 

  



 

 

 

 

 

 

 

 

 

�<���� 2.23

 

2.6.4 ��	�.�'�!"�(��
�
"����-#-"�����ก<- 

  2.6.4.1  P0.0-P0.7 
��� 2 )�5)�
  %�&������ ��&�.��
��	0.�%�
 ��&�."��	+��	���
��� ��&�.��
��	)�����2��ก��%�
!��%�,,�1 
4���
��)���$���	
�#
&�!��!��&	��
)�
%�
0.�
 �%�,,�1ก��$
�	��0$
�
$
���
ก�����	��0�ก %�,,�1 
���
"�.� �
 %�,,�1ก��$
�	��0$
�
$
���!��&���0.�%�,,�1 ��&�.��ก
�
 1�)�(���"�8
��
��	0.�"��	+��	 
���"�8
	��
 	���
��"��(&ก��0%�aa^���ก4��
�ก" ����
   2.6.4.2 P1.0-P1.7 
��� 2 )�5)�
 %�&����������)�#
��
��	0.�"��	+��	
)��
�
���)�(.���	 0.��
��4���
&�	��	��
)�
"��(&ก��0%�aa^� 
	��
ก���$���� ��&�.��
��	กC%�&���)�����"$&-�
���+	 

3 	��0$
�
 � �
�&2!�!�
2)�.".��+	��ก�. MCS

��	�.�'�!"�(��
�
"����-#-"�����ก<- MCS-51�-�.�)	���ก	���	�	�

P0.7 (  �)�( 32-39 ) ���+	 0 )��$
��)�("�8
%�,,�1!��!�&���ก�1+4��
�ก
%�&������ ��&�.��
��	0.�%�
 ��&�."��	+��	���  &� 
�� 8 ��	 

��� ��&�.��
��	)�����2��ก��%�
!��%�,,�1 1 ����
��	)�( 	��
ก���$���� ��&�.��
��	 �
��
4���
��)���$���	
�#
&�!��!��&	��
)�
%�
0.� %�&������ ��&�.��
��	���

$
�	��0$
�
$
��� $
���!��&��� (A0-A7 ) 0.� �%�,,�1 ��&�. 
%�,,�1 (D-latch 74LS373) )��$
��)�("�8
&�.	�"�.Cก'+ (Multiplex) 
%�,,�1ก��$
�	��0$
�
$
���!��&���0.�%�,,�1 ��&�.��ก

�
 1�)�(���"�8
��
��	0.�"��	+��	 �
��4���
���&�&��
��"��(& ก��0%�aa^�
���"�8
	��
 	���
��"��(&ก��0%�aa^���ก4��
�ก" ���� 

P1.7 ( �)�( 1.8) ���+	 1 )��$
��)�("�8
%�,,�1!��!�&ก�����ก�1+4��
�ก
)�5)�
 %�&����������)�#
��
��	0.�"��	+��	 &� 
�� 8 ��	 %�&������
��


0.��
��4���
&�	��	��
)�
"��(&ก��0%�aa^� (Pull  
	��
ก���$���� ��&�.��
��	กC%�&���)�����"$&-�
���+	 0  
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MCS-51 

�-�.�)	���ก	���	�	� 

)��$
��)�("�8
%�,,�1!��!�&���ก�1+4��
�ก
��	  ก��	�#
!���$����+	 0 

	��
ก���$���� ��&�.��
��	 �
��
%�&������ ��&�.��
��	���  0.���
���"�8


0.� �%�,,�1 ��&�. (D0-D7)2��
(Multiplex) 2��".-�ก

%�,,�1ก��$
�	��0$
�
$
���!��&���0.�%�,,�1 ��&�.��ก ��กก�
 
ก��0%�aa^�  (Pull up) ��


)��$
��)�("�8
%�,,�1!��!�&ก�����ก�1+4��
�ก
��	 %�&������
��
 ��
ก��

up) �
ก�1�)�(



 

  2.6.4.3  P2.0-P2.7 ( 
���)�#
 2 )�5)�
 !-�  "�8
���"�8
)�#
��
��	0.�"��	+��	 &� 
�� 
ก��$
�	��0$
�
$
���!��&��� 
 ���
��	)�����2��ก��%�
 ��&�.
���!�� ��&�.��
��	���       

  2.6.4.4  P3.0-P3.7 
��
��	0.�"��	+��	 2 )�5)�

!�1%&��	�)�(	��
��ก�� !-� ���)��$
��)�(��"5*"�8

�&2!�!�
2)�.".��+  ��

 

�	�	���� 2.4 	���
$
��)�(��"5* �
 ���+) 
 

 

 

 

 

 

  2.6.4.5  (Program

y0z �&2!�!�
2)�.".��+	��
���
!����ก$
���!��&���4��
�ก)�("�8
 ��&�. 2��

"กC��
$
���!��&�������

(Enable:OE) 0	�����&2!�!�
2)�.".��+���


�
  0.�&�!��.���ก"�8
 y1z

2.6.4.6  � ALE (Address Latch Enable 

ก��$
�	��0$
�
ก��%�,,�1 ��&�.

"&-(��&2!�!�
2)�.".��+)��
�
��%�
%�,,�1ก��$
�

P2.7 (  �)�( 21-28 ) ���+	 2 )��$
��)�("�8
%�,,�1!��!�&���ก�1+4��
�ก
"�8
���"�8
)�#
��
��	0.�"��	+��	 &� 
�� 8 ��	  %�&������"�8
 �%�,,�1)�(

ก��$
�	��0$
�
$
���!��&��� (A8-A15) 0.�&� �
��"��(&ก��0%�a4���

 ���
��	)�����2��ก��%�
 ��&�. %��
� 1 ����
��	)�(	��
ก���$�"�8
��
��	 กC��%�&���)��ก��

 
P3.7 (  �)�( 10-17 ) ���+	 3 )��$
��)�("�8
%�,,�1!��!�&���ก�1+4��
�ก

)�5)�
  &� 
�� 8 ��	 !�1%&��	�)�(����� "$&-�
ก�����+	�-(
3
!�1%&��	�)�(	��
��ก�� !-� ���)��$
��)�(��"5*"�8
 %�,,�1!��!�&ก��)��
�
	��
3  �


��
	���
)�( 2.4 

	���
$
��)�(��"5* �
 ���+) 3 

 

(Program  Store  Store  Enable  �)�( 29 )  �)�()��
�
)�(%4���.���ก"�8
 

�&2!�!�
2)�.".��+	��
���
!����ก$
���!��&���4��
�ก)�("�8
 ��&�. 2��

"กC��
$
���!��&�������  (ROM , EPROM , EEPROM) %��
&�ก ���	��"�8
 �".-�ก)��
�
 

0	�����&2!�!�
2)�.".��+��� $
���!��&���4���
  

y1z 

ALE (Address Latch Enable  �)�( 30) )��$
��)�(!��!�&ก��)��


ก��$
�	��0$
�
ก��%�,,�1 ��&�. 2�����ก��".-�ก"%�
)�
 (data select $�-� 

"&-(��&2!�!�
2)�.".��+)��
�
��%�
%�,,�1ก��$
� 	��0$
�
��ก&�ก��
 ����&ก��%�
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)��$
��)�("�8
%�,,�1!��!�&���ก�1+4��
�ก
%�&������"�8
 �%�,,�1)�(

�
��"��(&ก��0%�a4���
  ก��ก��$
��$�"�8

����
��	)�(	��
ก���$�"�8
��
��	 กC��%�&���)��ก��

)��$
��)�("�8
%�,,�1!��!�&���ก�1+4��
�ก
"$&-�
ก�����+	�-(
3  0	���&�

%�,,�1!��!�&ก��)��
�
	��
3  �


 �)�()��
�
)�(%4���.���ก"�8
 

�&2!�!�
2)�.".��+	��
���
!����ก$
���!��&���4��
�ก)�("�8
 ��&�. 2�� 2��0ก�&��

���	��"�8
 �".-�ก)��
�
 

 �
�#กC���&�������

)��$
��)�(!��!�&ก��)��
�
 �
%�,,�1

$�-�  multiplex) 2���ก	�

	��0$
�
��ก&�ก��
 ����&ก��%�




 

%�,,�1�$� � ALE )��
�


(74LS373) )�()��$
��)�(".-�ก"%�
)�


)��
�
  ��&�.กC����ก%�
��)�(

   2.6.4.7  � (External Access 
&�!��.���ก"�8
 y1z $&����
 ��� ��&�.��ก$
���!��&���4���
	��
&�!��.���ก"�8
 y0z $&����
 ��� ��&�.��ก
   2.6.4.8 8. � 
�&2!�!�
2)�.".��+ ก��)��
�
)�(!��.���ก 
)��
�
)�(	��0$
�
 0000 "�-(���
   2.6.4.9  �%�,,�1
���ก� 
�$�ก���&2!�!�
2)�.".��+���"�8
~�
"�.��
ก��)��
�

!��&��(	�#
0	� 0-24 "&กก�"b��	'+ 

    2.6.4.10 0$.�
�����a 
"�8
0$.�
�����a��ก�$�ก���&2!�!�
2)�.".��+ '�(
���0$.�
�����a 
���&�

  

           2.6.5 .�'�%
�	���	!"�(��
�
"����-#-"��

          �&2!�!�
2)�".��+

���"4)0�ก��กก�
0.�ก��$
�ก��)��
�
"�8
0��"6���

program memory $�-� 

$
���!��&��� ��&�.  ( data

)��
�
2��!��%�(
)�
'�a0��+0.�2!�
%���
)�
b��+�0��+

 

)��
�
 "�-(�".-�ก�$�  %�,,�1ก��$
�	��0$
�
 

)��$
��)�(".-�ก"%�
)�
 ���%�
%�,,�1 ��&�.��ก&� ��'� 

 ��&�.กC����ก%�
��)�( %��%�,,�1 ��&�. 

(External Access  �)�( 31) )��$
��)�(".-�กก��)��
�
 �
$
���!��&��� ���
$&����
 ��� ��&�.��ก$
���!��&���4���
	�� �&2!�!�
2)�.".��+ 0	����
$&����
 ��� ��&�.��ก $
���!��&���4��
�ก 

 � RST (Reset  �)�( 9) )��$
��)�("��(&	�
ก��)��
�
�$&� �

�&2!�!�
2)�.".��+ ก��)��
�
)�(!��.���ก y1z 
�#��)���$��&2!�!�
2)�.".��+

"�-(����
 ��&�.2��0ก�&0.��������ก��)��
�
 
 �%�,,�1
���ก� ( �)�( 18-19) '�(
��)��$
��)�("�8
	��ก��$
�%�,,�1
���ก�

�$�ก���&2!�!�
2)�.".��+���"�8
~�
"�.��
ก��)��
�
 2�������0/�
/.�ก 
"&กก�"b��	'+ (MHz) ���&ก��	��"กC������ 
��  20-33 pF
0$.�
�����a (Power supply)  �)�( 20 ��"�8
 �ก����+ (Ground) 

"�8
0$.�
�����a��ก�$�ก���&2!�!�
2)�.".��+ '�(
���0$.�
�����a 
���&�

.�'�%
�	���	!"�(��
�
"����-#-"�� MCS-51   

�&2!�!�
2)�".��+  MCS-51  �����ก0��ก����กก��$
���!��&���0	�.�

���"4)0�ก��กก�
0.�ก��$
�ก��)��
�
"�8
0��"6��� !-�  $
���!��&���2��0ก�&

$�-� code  memory )z  0.�$
���!��&�����(�!��� 

( data memory ) '�(
&� 
��!��&�� 64 ก�2.��	+")��ก�


)��
�
2��!��%�(
)�
'�a0��+0.�2!�
%���
)�
b��+�0��+  ��
���)�( 2.28, 2.29

36 

%�,,�1ก��$
�	��0$
�
 (A0-A7) /��
��'� 

��'� (74LS373) ���&�

)��$
��)�(".-�กก��)��
�
 �
$
���!��&��� ���
�&2!�!�
2)�.".��+ 0	����

)��$
��)�("��(&	�
ก��)��
�
�$&� �


�#��)���$��&2!�!�
2)�.".��+ "��(&	�


'�(
��)��$
��)�("�8
	��ก��$
�%�,,�1
���ก�
2�������0/�
/.�ก  (crystal) )�(&�

pF 
Ground) 0.� �)�( 40 ��

"�8
0$.�
�����a��ก�$�ก���&2!�!�
2)�.".��+ '�(
���0$.�
�����a 
���&� "ก�
 5 2�.	+ 

�����ก0��ก����กก��$
���!��&���0	�.�

$
���!��&���2��0ก�&    y( 

0.�$
���!��&�����(�!��� ( RAM ) "���ก��� 

ก�2.��	+")��ก�
  0	�����ก0�กก��

2.29 
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�<���� 2.24 ก�����ก��$
���!��&���2��0ก�& (program memory) 

 

 

 

 

 

 

 

 

�<���� 2.25 ก�����ก��$
���!��&��� ��&�. (data memory) 
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  2.6.5.1 .�'�%
�	���	����ก�� (Program Memory)  

                  �&2!�!�
2)�.".��+  MCS-51 )�("��(&	�
)��
�
�$&�  $�-�"&-(���"'	�$&���

"��(&)��
�
)�(	��0$
�
  0000  )�ก!��#
  2�������
 ��&�.)�(	��0$
�
  0000  0�.!��&$&��0.�

�|���	�	�&!��%�(
  '�(
"�8
	��0$
�
$
���!��&���2��0ก�&  (program  memory) )�(���"กC����0ก�&

"�-#�
	�
�
ก��)��
�
 �
�&2!�!�
2)�.".��+  (monitor  program) $�-������|���	�ก��  ( 

BIOS )  )�(�������4���
$�-�4��
�ก�&2!�!�
2)�.".��+กC��� 

            $.�
��ก2��0ก�&"��(&)��
�
��&�ก��ก��$
�	��0$
�
$
���!��&���

2��0ก�&"�-(����ก����
"	��+���)+'�(
&� 6 ���"4)  0	�.����"4)&� 
�� 8 ��	+  ��
���)�( 2.30 

 

 

 

 

 

 

 

 

 

 

 

�<���� 2.26 $
���!��&���2��0ก�&)�(	��0$
�
"��(&	�
ก��)��
�
0.�ก����
"	��+���)+ 

 



 

2.6.5.2 .�'�%
�	���	����ก��m	%�"ก

                  
�
!��!�&��
����
��
	��
���$
���!��&���2��0ก�&"�8
���
�
&�ก

$
���!��&���2��0ก�&4���
����&�"���
��

��"��(&��ก	��0$
�
%��)��� �
$
���!��&���2��0ก�&4���


4���
 
�� 4 ก�2.��	+

$
���!��&���4��
�ก	��
"��(&	�
)�(	��0$
�
 

                 ก��)�(��	���
��$
���!��&���2��0ก�&4��
�ก��������+	 

%��%�,,�1 �
 ��&�.    

2�����"ก	)�)�0�.  74xx373

����%�,,�1!��!�&  ALE 

A15 ) �$�!�� 16 

$
���!��&���  ��
��� 2.31

 

 

 

 

 

 

 

 

 

 

 

.�'�%
�	���	����ก��m	%�"ก 


�
!��!�&��
����
��
	��
���$
���!��&���2��0ก�&"�8
���
�
&�ก

$
���!��&���2��0ก�&4���
����&�"���
��  กC%�&��������'�$
���!��&���&�	�� ������

��"��(&��ก	��0$
�
%��)��� �
$
���!��&���2��0ก�&4���
  "��
  ���&�$
���!��&���2��0ก�&

ก�2.��	+  &�	��0$
�
$
���!��&��� ��&�.������$���
  0000

$
���!��&���4��
�ก	��
"��(&	�
)�(	��0$
�
 1000H-FFFH 

ก��)�(��	���
��$
���!��&���2��0ก�&4��
�ก��������+	 

   ( D0-D7 ) 0.�%��%�,,�1ก��$
�	��0$
�
$
���!��&���

74xx373  ( 74HC573 ) )��$
��)�(0�ก%�,,�1ก��)��
�
)�#
%�
��ก��กก�


ALE 0.�������+	 2 )��$
��)�("�8
%�,,�1ก��$
�	��0$
�
!��&���

16 ��	  2����� �!��!�&   )��$
��)�(!��!�&ก��)��
�
 �
��'�

2.31 

 

�<���� 2.27 �
��$
���!��&���2��0ก�&4��
�ก

39 


�
!��!�&��
����
��
	��
���$
���!��&���2��0ก�&"�8
���
�
&�ก  '�(


กC%�&��������'�$
���!��&���&�	�� ������  '�(


���&�$
���!��&���2��0ก�&

0000-0FFFH   ก��	��

ก��)�(��	���
��$
���!��&���2��0ก�&4��
�ก��������+	 0 "�8


0.�%��%�,,�1ก��$
�	��0$
�
$
���!��&���  ( A0-A7 ) 

)��$
��)�(0�ก%�,,�1ก��)��
�
)�#
%�
��ก��กก�


)��$
��)�("�8
%�,,�1ก��$
�	��0$
�
!��&���  ( A8-

)��$
��)�(!��!�&ก��)��
�
 �
��'�

�
��$
���!��&���2��0ก�&4��
�ก 



 

  2.6.5.3 .�'�%
�	���	!)"�<- 

                    ก�����
�
��&����� 

$
���!��&��� ��&�.)�(����4��
�ก�&2!�!�
2)�.".��+ %��$����&2!�!�
2)�.".��+	��ก�. 

MCS-51 (AT89xxx)  
�� �
$
���!��&���)�#
%�
��&ก�
���&�"ก�� 

 ��&�."�-(�)��ก�����
/" ��
 ��&�.)�����2�����!��%�(
 

%�,,�1!��!�&ก�����
0.�ก��" ��
 ��&�.

 

 

 

 

 

 

 

 

 

  2.6.5.4 .�'�%
�	���	!)"�<-m	%��

                     2!�
%���
4���
 �
�&2!�!�
2)�.".��+	��ก�.

��&�$
���!��&��� ��&�. 

�&2!�!�
2)�".��+  ก�����
�
��&�ก��0��
��ก"�8
%��
�$,�3 !-�$
���!��&���	�#
0	�	��0$
�
 

00-7FH ( %��
  =  128 

�������$
���!��&����$�%�&��)��
�
��� 

.�'�%
�	���	!)"�<- (data memory) 

ก�����
�
��&����� 2 0��  !-�  $
���!��&��� ��&�.)�(����4���
ก��

$
���!��&��� ��&�.)�(����4��
�ก�&2!�!�
2)�.".��+ %��$����&2!�!�
2)�.".��+	��ก�. 

 
�� �
$
���!��&���)�#
%�
��&ก�
���&�"ก�� 64 

" ��
 ��&�.)�����2�����!��%�(
 MOVX ")��
�#
 ก��	���
��4��
�ก�����

%�,,�1!��!�&ก�����
0.�ก��" ��
 ��&�. 0.�  ��
���)�( 2.32 

�<���� 2.28 �
��$
���!��&��� ��&�. 

.�'�%
�	���	!)"�<-m	%�� 

2!�
%���
4���
 �
�&2!�!�
2)�.".��+	��ก�. 

��&�$
���!��&��� ��&�. ( RAM )  
�� 128 m 256 ��	+

ก�����
�
��&�ก��0��
��ก"�8
%��
�$,�3 !-�$
���!��&���	�#
0	�	��0$
�
 

128 ��	+ ) 0.�$
���!��&���)�(	��0$
�
 80H-FFH  

�������$
���!��&����$�%�&��)��
�
��� 2 %4��� 2�����"�8
$
���!��&���)�(���)�(������2��

40 

$
���!��&��� ��&�.)�(����4���
ก��

$
���!��&��� ��&�.)�(����4��
�ก�&2!�!�
2)�.".��+ %��$����&2!�!�
2)�.".��+	��ก�. 

64 ก�2.��	+ ก��	��	��

")��
�#
 ก��	���
��4��
�ก�����

  MCS-51( AT89xxx ) 

��	+   �#
����ก�����
 �


ก�����
�
��&�ก��0��
��ก"�8
%��
�$,�3 !-�$
���!��&���	�#
0	�	��0$
�
 

 
�ก��ก
�#��
���&�ก��

2�����"�8
$
���!��&���)�(���)�(������2��



 

)�
���&0.���"�8
����%"	�

"%&-�
���$
���!��&���4���
%��

�#��&� 
��)�#
$&� 

 

 

 

 

 

 

 

�<���� 2.29 ก������-#
)�(
�
 �
$
���!��&��� ��&�.4���
�&2!�!�
2)�.".��+

 

   

 

 

 

 

 

 

 

 

 

 

�<���� 2.3

)�
���&0.���"�8
����%"	��+)�()��
�
"6���(Special Function Register = SFR)

"%&-�
���$
���!��&���4���
%��

�#��&� 
��)�#
$&� 384 ก�2.��	+  ��
���)�( 

ก������-#
)�(
�
 �
$
���!��&��� ��&�.4���
�&2!�!�
2)�.".��+

2.30 �-#
)�(���
�
 �
$
���!��&���4���
)�( 128 ��	+%��
.��
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Register = SFR)��ก%��
$
�(
 '�(
��

��
���)�( 2.33 

ก������-#
)�(
�
 �
$
���!��&��� ��&�.4���
�&2!�!�
2)�.".��+ 

��	+%��
.��
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 ก������-#
)�(���
�
 �
$
���!��&��� ��&�.)�(����4���
�-����"�8
�-#
~�
%��!�, �
ก��

"���
ก��" ��
2��0ก�&4�*�0�%"'&�.�  �
	��0$
�
 128 ��	+%��
.��
 (00-7FH) ���&�ก�����0��


$
��)�(0	�.�	��0$
�
��ก"�8
%��
����3 '�(
0	�.�%��
���ก��$
�$
��)�(�$�)��
�
"6��� "�-(��$�ก��

" ��
2��0ก�&%�&���"���ก������
��� �#
 ��
���)�( 2.34 

 �-#
)�($
���!��&��� 00-1FH &� 
�� 32 ��	+ ���ก��$
�"�8
!������%"	��+ R0-R7  
��8 

��	 ���
�
 4 ��� (Bank 0 m Bank 3) "�^
����%"	��+)�(���
�
)�(��� ก��"���ก���
�
0	�.����)�����

2��ก��$
���	�
����%"	��+ PSW (Program Status Word) ก����"'	$�-�"��(&	�
)��
�
�$,�)�ก!��#


��ก��$
����)�(	��0$
�
 ����%"	��+���)�( 1 (Bank 0)  

        �-#
)�($
���!��&��� 20H m 2FH &� 
�� 16 ��	+  ��ก0��&��$�%�&�����������
�����

��	 ( bit addressable ) '�(
"�8
$
���)�(".Cก)�(%�� �
 ��&�.  %�&���ก��)��)�
.���ก (SET , CLEAR 

, AND 0.� OR) ���  )���$�!��!�&ก��)��
�
���.�"����&�ก��(
 �#
0.��
%��
)�("$.-���ก 80 ��	+


�#
 (30H-7FH)  กC%�&������
�
���)�(���  0	����"�8
�������	+  '�(
%��
$
�(
��%����
���"กC�

 ��&�. %0	ก (Stack Pointer = SP) )�(���"กC� ��&�.	��0$
�
)�(ก��2����)��
�
�
%��
 �


2��0ก�&���� 

 

2.6.6 ก	�
��
��ก	�"��#�"����T�� 

 2.6.6.1 "��#�"����T��#�[\"��)� 

         ��ก)�("�����&�0.������
!+���ก�� �
!�&���"	��+���ก������ '����� $�-�$
���

���&�./.$
���!��&��� 0.����ก�1+��
��) "��)+��) ��f�)�('��������	��	��ก�����ก�1+4��
�ก &����� 

2 ��f�!-� ก��2�..�(
 (Polling)  "�8
��f�)�('�����	��
!��	���%�����ก�1+��
��)"��)+��)	.��"�.�

������ก�1+	���$
���
	��
ก��	��	�� )���$�"%��"�.�&�ก 0.���ก��f�!-� ก����
"	��+���)+ (Interrupt) 

"�8
��f�)�('������&�	��
!����	���%�����ก�1+��
��)"��)+��) ������ก�1+	���$
	��
ก��	��	�� กC

"���
0	�%�
%�,,�1&���ก'����� "���ก��� %�,,�1���
 ���
"	��+���)+  (Interrupt Request) "&-(�'�����

������%�,,�1 กC)��ก��	��%�
���$����ก����
"	��+���)+ ����&ก��%�
%�,,�1��&�$�&�ก��

��
"	��+���)+ (Interrupt Acknowledgement) ก.������
���ก�1+ "&-(����ก�1+������กC)��ก��	��	��ก��

'�����	���� 
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          ��0	ก	��
��$���
ก��2�..�(
0.�ก����
"	��+���)+ ��
 ��ก	������
���ก�� ��f�

2�..�(
 '�������)��ก��	���%�����ก�1+)�(	��
ก��	��	�� 2��"��(&��ก	��0�ก��"�-(��3 �
ก��)�(


	��%��)��� ���%&&�	�������ก�1+	��%��)���	��
ก��	��	�� กC��	��
���
ก���'�������	���%��&���


)���$����ก�1+	��
�#
"%��"�.��
ก���� 

 

 

 

 

 

 

 

 

 

 

 

 

�<���� 2.31 0%�
ก��"�����")�����$���
��f�   Polling ก����f� Interrupt 

 

��f���
"	��+���)+ '������&�	��
!����	���%��  1�)�('�����ก��.�
)��
�
�-(
���� ������ก�1+

	���$
	��
ก��	��	��กC��%�
%�,,�1��
"	��+���)+����ก'����� ���'�����	��
ก��	��	��กC��%�


%�,,�1	��ก.������
���ก�1+	��
�#
 )���$����ก�1+�&�	��
"%��"�.��
ก������
)��
�
���"�C� 0.�

 

 

 

 

 

 

 

 
 

��f� Polling 

 

 

 

 

 

 

 

 

                   

 

 

CPU 

���ก���

�	
��ก 

 

 

CPU 

���ก���

�	
��ก 

�
�� Interrupt 



 

%&&�	����'�����	��
ก��	��	��ก�����ก�1+	���$

	��
ก�����
 ��&�.��ก0/�
��%ก+ กC��%�
%�,,�1ก�����
����
��%ก+

0.��กC��)��ก�����
 ��&�.��ก��%ก+"กC�����


��� "&-(���%ก+���+a���
 ��&�."%�C� 

Buffer ��� ��"$C
�����f���
"	��+���)+ �������$�'�����)��
�
%�����%�
ก��ก����
ก����
��)

"��)+��)	��
3���
��� ������5��ก��
"	��+���)+0.�� $.��3ก����
ก�����&�%�&���)��
�
��� 

$�-�)�������ก&�ก 

  2.6.6.2 "��#

                            ��
"	��+���)+ !-�"$	�ก��1+)�(�&��ก	�)�(	��
ก���$�'�����$���ก�����&�./.

2��0ก�&)�()��
�
�������
 0.���)��
�
��
����
)�("ก�(�� ��
ก��"$	�ก��1+�&��ก	�
�#
 $�-����


���3 !-�'�����ก��.�
)��
�
��
����
���� 0	�����3กC&����ก�1+4��
�

 ����
$��ก��)��
�
 '�����กC	��
�����1��������&�$����ก�1+
�#
 ����
$��$�-��&� �����&'�����กC

��)��
�
	�&���ก�1+
�#


       ���"%'	� "!�-(�
!�&���"	��+&����ก�1+��
��) !-�

0.���
"	��+���)+" ��&�����)��
�
�������


 

�<���� 2.3

     ��ก���)�( 2.36

&� (/�����ก����&!��+���+�

2��0ก�&�$����ก����
"	��+���)+!��+���+� 

%&&�	����'�����	��
ก��	��	��ก�����ก�1+	���$
 "���
0	�%�
%�,,�1����
���ก�1+	��
�#
 "��


	��
ก�����
 ��&�.��ก0/�
��%ก+ กC��%�
%�,,�1ก�����
����
��%ก+���+a "&-(�

0.��กC��)��ก�����
 ��&�.��ก��%ก+"กC�����
 Buffer ก��
 ���
��$���

�#'�����%�&�

���
 ��&�."%�C� กC��%�
%�,,�1��
"	��+���)+����ก'������$�&���� ��&�.��ก 

��� ��"$C
�����f���
"	��+���)+ �������$�'�����)��
�
%�����%�
ก��ก����
ก����
��)

"��)+��)	��
3���
��� ������5��ก��
"	��+���)+0.�� $.��3ก����
ก�����&�%�&���)��
�
��� 

"��#�"����T�� 

��
"	��+���)+ !-�"$	�ก��1+)�(�&��ก	�)�(	��
ก���$�'�����$���ก�����&�./.

2��0ก�&)�()��
�
�������
 0.���)��
�
��
����
)�("ก�(�� ��
ก��"$	�ก��1+�&��ก	�
�#
 $�-����


���3 !-�'�����ก��.�
)��
�
��
����
���� 0	�����3กC&����ก�1+4��
�ก" ��&� �0)�กก��)��
�
 $�-�

 ����
$��ก��)��
�
 '�����กC	��
�����1��������&�$����ก�1+
�#
 ����
$��$�-��&� �����&'�����กC

��)��
�
	�&���ก�1+
�#
 

"!�-(�
!�&���"	��+&����ก�1+��
��) !-� "!�-(�
��&�+ 0.����ก�1+"��)+��) !-� !��+���+� 

�&�����)��
�
�������
�� �����1�ก��)��
�
��
���)�( 2.36

2.32 0%�
���
"�.�)��
�
 �
'�����"&-(�	��	��ก�����ก�1+4��
�ก

 

 '�����)��
�
2��0ก�&$.�ก��"�-(��3 0.�"&-(�&�!��+���+���
"	��+���)+" ��

/�����ก����&!��+���+�) '�����กC����กก��)��
�
2��0ก�&$.�ก���ก��
 0.�ก��2������


2��0ก�&�$����ก����
"	��+���)+!��+���+� (Keyboard ISR) "&-(�)��
�
"%�C�'�����กC&�)��
�
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 "���
0	�%�
%�,,�1����
���ก�1+	��
�#
 "��


"&-(����+a������%�,,�1

ก��
 ���
��$���

�#'�����%�&�����)��
�
�-(


กC��%�
%�,,�1��
"	��+���)+����ก'������$�&���� ��&�.��ก 

��� ��"$C
�����f���
"	��+���)+ �������$�'�����)��
�
%�����%�
ก��ก����
ก����
��)

"��)+��)	��
3���
��� ������5��ก��
"	��+���)+0.�� $.��3ก����
ก�����&�%�&���)��
�
��� 

��
"	��+���)+ !-�"$	�ก��1+)�(�&��ก	�)�(	��
ก���$�'�����$���ก�����&�./.

2��0ก�&)�()��
�
�������
 0.���)��
�
��
����
)�("ก�(�� ��
ก��"$	�ก��1+�&��ก	�
�#
 $�-����

ก" ��&� �0)�กก��)��
�
 $�-�

 ����
$��ก��)��
�
 '�����กC	��
�����1��������&�$����ก�1+
�#
 ����
$��$�-��&� �����&'�����กC

"!�-(�
��&�+ 0.����ก�1+"��)+��) !-� !��+���+� 

2.36 

0%�
���
"�.�)��
�
 �
'�����"&-(�	��	��ก�����ก�1+4��
�ก 

'�����)��
�
2��0ก�&$.�ก��"�-(��3 0.�"&-(�&�!��+���+���
"	��+���)+" ��

'�����กC����กก��)��
�
2��0ก�&$.�ก���ก��
 0.�ก��2������


"&-(�)��
�
"%�C�'�����กC&�)��
�




45 
 

2��0ก�&$.�ก	�� 0.�"&-(�	��
ก����&�+
�
'�����กC��%�
 ��&�.���$�"!�-(�
��&�+  1�)�("!�-(�
��&�+

ก��.�
��&�+
�
���� '�����กCก.��&�)��
�
2��0ก�&$.�ก	����� "&-(�"!�-(�
��&�+)��
�
"%�C�กC%�


%�,,�1��
"	��+���)+&���ก'����� 0.�'�����กC$���)��
�
2��0ก�&$.�ก0.�ก��2������


2��0ก�&�$����ก����
"	��+���)+"!�-(�
��&�+ (Printer ISR) "�-(����ก��"ก�(��ก��"!�-(�
��&�+ "&-(�"%�C�

กCก.����)��
�
��
2��0ก�&$.�ก	���� 

   ��
"	��+���)+��ก����
$.��3
�
 ��

�# 

  '�����	��
���������ก�1+��
��)"��)+��)	���$
����&)�(�����&�./. 2����	��
���

%��
� �
���ก�1+	��
3 	.��"�.� '�(
ก.�ก)�
��
"	��+���)+��&������$����ก�1+0��
'�����)���

���&�
����&)�(��%�
 ��&�.0.�� )���$�ก��)��
�
 �
'�����&����%�)f�4��"&-(�"ก�� Power fail 

���"�8
	��
�$�'�����ก��)��
�
��
����
)�
)�)�
�� 2��ก.�ก��
"	��+���)+��"	���&��f�ก��)�(��%�(


�$�'�����"�.�(�
��กก�����&�./.2��0ก�&�������
 ��)��ก��ก��&
�#
)�
)�"	���&��f�)�(����ก��ก

2��0ก�&)�()�������������
 ก�1�"ก�� ��/���.��)�
���
2��0ก�& �#
 (software error) ���"�	"�.�

�
0	�.���
 ������5��ก��
"	��+���)+0.��'�������	��
��� program loop "�-(����"�	"�.��������
 '�(


��)���$�'������&�%�&���)������
�-(
��� 

 
  2.6.6.3 ���#m�!"�"��#�"����T�� 

                  ��
"	��+���)+0��
��ก"�8
 2 ���"4) !-� mask able interrupt 0.� non-

mask able interrupt Mask able interrupt !-���
"	��+���)+)�('�����%�&���)�(���ก".�ก��� %��
 Non-

mask able interrupt !-���
"	��+���)+)�('������&�%�&����ก".�ก��� '�(
	��
	��%
�
)�
)�)�
�� "��

%�&���ก��$
�������$�'�����)��
�
��
"	��+���)+0�� Mask able interrupt $�-� non-mask able 

interrupt 2��ก��"'	��	 enable interrupt "&-(���
"	��+���)+ enable $�-���	��ก"'	 '�����	��


�$����ก����
"	��+���)+
�#
 0.������
"	��+���)+ disable $�-���	"!.���+ '������� กC���ก".�ก

��
"	��+���)+
�#
 

 �
ก�1�)�(&���
"	��+���)+" ��$.��3 ��
"	��+���)+����&ก�
 0	�'��������$����ก��"���


��
"	��+���)+"����")��
�#
 ก��)�('��������$���
"	��+���)+�$
)��
�
ก��
 ���"�8
	��
&�ก�����.�����
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!��&%��!�, �
��
"	��+���)+ (Interrupt Priority) 	���$
��&�.�����!��&%��!�,%�
%�� กC�����ก��
 

	���-(
กC�����	�&.�����.
&� 

 

  2.6.6.4 "��#�"����T�� MCS-51 

                                   �&2!�!�
2)�.".��+ MCS-51 &�ก�����
�
��
"	��+���)+���� 2 ���"4)

!-� ��
"	��+���)+��ก4��
�ก (External interrupt) ��"ก��"&-(��
����ก4��
�ก%�
%�,,�1����
 �

��
"	��+���)+ �
 MCS-51���0ก�  � INT0 0.� INT1  0.���
"	��+���)+4���
 (Internal interrupt) 

��ก��"
��2��b��+�0��+)�(����4���
��� ���0ก��)"&��+ 0 �)"&��+ 1 0.����+	%-(�%���
�ก�&  "&-(�

��
"	��+���)+"ก�� �#
 �&2!�!�
2)�.".��+��$���)��
�
2��0ก�&�������
 0.����$����ก��

��
"	��+���)+)�(" ��&� 2��ก��ก��2������
	��0$
�
 �
2��0ก�&)�(�$����ก����
"	��+���)+ 

(Interrupt Service Routine $�-� ISR) 
�#
3  ก��
ก��2������	��
&�ก��"กC�!��	��
3)�(���"�8
)�(

)��
�
ก��2��0ก�&�������
���ก��
 "��
!���
����%"	��+ PC "����"&-(�2��0ก�&�$����ก��

��
"	��+���)+)��
�
"%�C�0.�� �����ก.��&�)��
�
2��0ก�&"��&	������� ��ก
�#
กCก��2������


2��0ก�&�$����ก����
"	��+���)+ "&-(��&2!�!�
2)�.".��+)��
�
"%�C�กC��ก��2��ก.��&�)��
�


��
2��0ก�&�������
�
	��0$
�
)�(	��"
-(�
��ก"��&ก��
)�(��"ก����
"	��+���)+ 2��ก��!-
!��	��
3 )�(

��
)�ก���ก.��&�  

 

 

 

 

 

 

�<���� 2.33 0%�
 � INT0 0.� INT1 
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            �&2!�!�
2)�.".��+ MCS-51 ����
�-#
)�($
���!��&���%��
$
�(
	�#
0	�0��"��%)�( 
0003H ��
 00FBH %��$���"กC�0��"��% �
2��0ก�&�$����ก����
"	��+���)+ $�-���
"	��+���)+
"�ก"	��+ (Interrupt vector) '�(
0	�.�"�ก"	��+������-#
)�( 
�� 8 ��	+  ��

�#
��
&����
�
"�ก"	��+
)�#
$&� 32 "�ก"	��+ 2��0��"��% 0003H ��
 0033H ��ก��
���%��$�����
"	��+���)+"�ก"	��+ �
 
MCS-51/52  1�)�(	�#
0	�0��"��%)�( 003BH ��
 00FB "��%�&���ก��$
�"�ก"	��+ �
2��0ก�&
�$����ก����
"	��+���)+)�("��%���
 �#
"�
�������
��%�� "�-(�!��&" ����
��������	��". 0)

0��"��% �
"�ก"	��+ "��
 ��
"	��+���)+4��
�ก)�(" ��&�)�
 � INT0 (External INT0) ������)�(
"�ก"	��+ 0 (0003H ��
 000AH) $�-� ��
"	��+���)+�)"&��+ 0 ����)�("�ก"	��+  1  (000BH ��
 0012H) 
"
-(�
��ก0	�.�"�ก"	��+&� 
�� 8 ��	+ ��

�#
"�.�!��$&��". "�ก"	��+ ��"��0��"��%"��(&	�
&�
.����� 3 ��ก
�#
$������ 8   
 
�	�	���� 2.5 0%�
$&��". ��
"	��+���)+ �
 MCS-51/52 

 

$&��". ��
"	��+���)+ 0��"��% $&��". 

��
"	��+���)+ 

0��"��% 

0    (��
"	��+���)+4��
�ก)�(" ��&�)�
 � 

INT0) 

0003H 16 0083H 

1    (��
"	��+���)+�)"&��+ 0) 000BH 17 008BH 

2    (��
"	��+���)+4��
�ก)�(" ��&�)�
 � 

INT1) 

0013H 18 0093H 

3    (��
"	��+���)+�)"&��+ 1) 001BH 19 009BH 

4    (��
"	��+���)+���+	�
�ก�&) 0023H 20 00A3H 

5    (��
"	��+���)+�)"&��+ 2) 002BH 21 00ABH 

6    (PCA) 0033H 22 00B3H 
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�	�	���� 2.5 0%�
$&��". ��
"	��+���)+ �
 MCS-51/52 (	��) 

 

$&��". ��
"	��+���)+ 0��"��% $&��". 

��
"	��+���)+ 

0��"��% 

7 003BH 23 00BBH 

8 0043H 24 00C3H 

9 004BH 25 00CBH 

10 0053H 26 00D3H 

11 005BH 27 00DBH 

12 0063H 28 00E3H 

13 006BH 29 00EBH 

14 0073H 30 00F3H 

15 007BH 31 00FBH 
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ก�����
�
��
"	��+���)+ �
�&2!�!�
2)�.".��+ MCS-51 ��"ก�(�� ��
ก������%"	��+ 3 	�� !-� 

����%"	��+ IE (Interrupt Enable) ���%��$���!��!�&ก�� enable ��
"	��+���)+��ก0$.�
	��
3 
��
���                                                                                                                

 
�<���� 2.34   0%�
����%"	��+ IE 

 

EA      ���ก��$
�"�8
.���ก �1� ����
"	��+���)+)�#
$&� 

ET2    ���ก��$
�"�8
.���ก �1� �� enable �)"&��+ 2 (%��$��� MCS-52) 

ES      ���ก��$
�"�8
.���ก �1� �� enable ���+	�
�ก�& 

ET1    ���ก��$
�"�8
.���ก �1� �� enable �)"&��+ 1 

EX1    ���ก��$
�"�8
.���ก �1� �� enable ��
"	��+���)+4��
�ก)�(" ��&�)�
 � INT1 

ET0    ���ก��$
�"�8
.���ก �1� �� enable �)"&��+ 0 

EX0    ���ก��$
�"�8
.���ก �1� �� enable ��
"	��+���)+4��
�ก)�(" ��&�)�
 � INT0 

  ����%"	��+ IP (Interrupt Priority) %��$���ก��$
�.�����!��&%��!�, �
ก����
"	��+���)+ �

ก�1�)�(&���
"	��+���)+"ก�� �#
��ก$.��0$.�
����&ก�
 ��
"	��+���)+)�(&�.�����!��&%�
%����������
���ก��ก��
 ก��ก��$
�.�����!��&%��!�,��ก��$
�2��"'	��	�
����%"	��+ IP ��
��� 

 

 

 

 

 

�<���� 2.35 0%�
����%"	��+ IP 
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0	�.���	�f������

�# 

PT2     ��	%��$���ก��$
��)"&��+ 2 "�8
.�����%�
%�� 

PS       ��	%��$���ก��$
����+	�
�ก�& "�8
.�����%�
%�� 

PT1     ��	%��$���ก��$
��)"&��+ 1 "�8
.�����%�
%�� 

PX1    ��	%��$���ก��$
���
"	��+���)+4��
�ก)�(" ��&�)�
 � INT1 "�8
.�����%�
%�� 

PT0    ��	%��$���ก��$
��)"&��+ 0 "�8
.�����%�
%�� 

PX0    ��	%��$���ก��$
���
"	��+���)+4��
�ก)�(" ��&�)�
 � INT0 "�8
.�����%�
%�� 

       ���&� 2 ��
"	��+���)+)�(&������!��&%��!�,	��
ก�
" ��&�����&3ก�
 '��������$����ก��ก��

��
"	��+���)+)�(&�.�����!��&%��!�,%�
%��ก��
 0	���� 2 ��
"	��+���)+&������!��&%��!�,")��ก�
 กC

�������f�ก��2�..�(
4���
 (Internal Polling) 
�(
!-���&�ก��ก��$
�2!�
%���
.�����!��&%��!�,

 �
��
"	��+���)+��ก��#
$
�(
 "�-(��$�'��������	���%�������
"	��+���)+�$
.�����%�
ก���ก�
 

 

2.7 �"��� CP-JR51USB v1.0 

 2.7.1 -�ก+N�����(�!"��"��� CP-JR51USB v1.0 

          ���+��&2!�!�
2)�.".��+���
 CP-JR51USB v1.0 4���
���+�������"���+ 

AT89C5131  �
���*�) Atmel '�(
���"���+
�#&�!�1%&��	�"��
�
"�-(�
 �
ก��"�-(�&	��������% 

USB 0.� %�&���".-�ก2$&�ก��)��
�
"�8
0�� 6clocks /1 Machine cycle $�-� 12 clocks /1 

Machine cycle ��� '�(
 ���&�&���,$�ก��ก��%-(�%���
�ก�&"
-(�
��ก4���
��� AT89C5131 
�#
���

&�%��
 �
 Internal Baud Rate Generator ����4���
 '�(
��)���$�/�����%�&���%���
!�� Baud rate ��3 

���	�&	��
ก��  

           !�1%&��	�"��
�
%��
 �
ก��"�-(�&	�� USB, AT89C5131 4���
��������2&��. 

Full-speed USB)�(���
�
���ก��"���+��(
 1.1 0.� 2.0 '�(
/�����
%�&���%�
 $�-� ��� ��&�./��
)�
��% 

USB ������	�� 12MHz��� 
�ก��ก
�#
��� AT89C5131 ��
&�$
���!��&��� Flash ��
 32 Kbytes , 

Internal RAM 256 bytes ,�����!��&%��!�, �
%�,,�1 Interrupt 4 m Level , 16-bit 

Timer/Counters &� 3 	�� , Full duplex enhanced UART (EUART) , ERAM = 1024 bytes , Dual 

data point , 0$.�
ก��"
��ก��0%)�(%�&���".-�ก���&�1ก��0%"�-(���� �� LED 4 0$.�
  . 
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�ก��ก
�#
 AT89C5131 ��
&�2$&�"ก�(��ก��ก�����$����.�

�
��ก 2 2$&� !-� 1.) Idle mode 

0.� 2.) Power-down mode '�(
��)���$�ก������.�

�
 �
 CPU �
 1�
�#

���.
 

 

 

�<���� 2.36 0%�
.�ก*1�2!�
%���
���+� CP-JR51USB v1. 
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 2.7.2 T"��� 34 PIN 
          ���+	%-(�%�� 34 Pin "�8
���+	)�(��&���+	 P0, P1, P2, P3 (��
 �)  �
 CPU " �����
����ก�
 2��ก��	�����
�
/�����
!�����%��0�� 34 Pin �
ก��	�������
�
 �
ก�1�)�(/�����
'-#�
���+� I/O  �
)�
���*�) ETT /�����
%�&���	��%��0�� 34 ���2��	�
 $�-� ���/�����
��ก0�� 
Hardware "�
, /�����
!������$� ��$������
���0�� �
���+	 34 Pin "�-(������%���ก�
ก�����
�
 

 

�<���� 2.37 0%�
	��0$
�
 �!�
"
C!"	��+ I/O ���+	 34 Pin 
 

 2.7.3 T"��� I2C BUS 
          ก��%-(�%���
0�� Two Wire Interface (TWI), )�(	��0$
�
 � P4.0 0.� P4.1 ���	��
��ก&���
!�
"
C!"	��+ 
�� 10 Pin '�(
 �#�	��
�#�����"��(&"	�&���
�
���ก�1+)�(	��	��%-(�%��0�� 
I2C �$�ก�����+�)�.�
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�<���� 2.38 0%�
	��0$
�
 �!�
"
C!"	��+ I2C BUS, 10 Pin 

 
 2.7.4 T"��� RS232 
          ก��%-(�%���
�ก�& RS234���
����������'� Line Driver ���"��������0.�� '�(

%�&���	�����
�
���)�
)� 2�� ��'� Line Driver &�$
��)�(�
ก��"�.�(�
�����0�
��
 TTL 5V. �$�
"�8
0�
��
�
0��RS232 )�( 12 V. /.��)���$�/�����
%�&���	��%��%�,,�1�����
 15 "&	�".�
)�"�����
0�� 	��	��	�� (Point-to-Point) ")��
�#
%��$���%��%�,,�1)�(��
��&����%��$���)��ก��
%-(�%��0�� RS232 
�#
 �����%�,,�1"���
 2-3"%�
 ")��
�#
 )�#

�# �#
����ก��!��&	��
ก���
ก��
%-(�%�����	��
ก��%-(�%��0��)�5)�
"����$�-�%�
)�5)�
 
         ก	��[�"�	� RS232 ����"���H�	� '�(
��&�)�#
ก����� ��&�.0.�%�
 ��&�.��&� 
��$���
���
���0.����
%�
 2���
ก�1�
�#��	��
���%��%�,,�1���
�
 3 "%�
 %�,,�1��� ��&�.
(RXD) %�,,�1%�
 ��&�.(TXD) 0.�%�,,�1���
��
 (GND) 2���
ก��"�-(�&	��%��
�#
��	��
)��
ก��%.��%�,,�1ก�����ก�1+�.��)�
���� !-� %�,,�1%�
 (TXD) ��ก���+� CPJR51USBv1.0 
��	��
	��" ��ก��%�,,�1��� (RXD)  �
���ก�1+�-(
 0.� %�,,�1%�
(TXD) ��ก���ก�1+�-(
 กC	��

	��ก��%�,,�1��� (RXD)  �
���+� %��
%�,,�1���
��
(GND) ��	��
	��	�
��
ก�
 ��
��
%�&���)��ก�� ���-%�
  ��&�.ก�
��� 
         ก	��[�"�	� RS232 �����H�	�#��%� '�(
���"�8
ก������� ��&�.��ก���
%�
"���
����

"���� $�-� ���"�8
ก��%�
 ��&�.��ก����
�.��)�
"���
����
"���� 2���&�&�ก��2	�	�� ��&�.'�(

ก�
0.�ก�
 '�(
��f�
�#�����%��%�,,�1"���
 2 "%�
 ")��
�#
 2�����"�8
)�
���
%�
 กC��	��"���

%�,,�1%�
 (TXD) 0.�%�,,�1���
��
 (GND) 0	����"�8
)�
���
��� กC��	��"���
%�,,�1��� 
(RXD) 0.� %�,,�1���
��
 (GND) ")��
�#
2�� �#�	�� �
%�,,�1 RS232  �
���+� CP-
JR51USB v1.0 
�#
 ��"�8
���"�-(�&	�� �
%�,,�1 ���-%�
  ��&�. )�("�.�(�
�����%�,,�1"�8
0�� 
RS232 0.�� '�(
��&�.�ก*1�"�8
0�� �#� CPA 
�� 4 PIN %��$������"�8
���"�-(�&	��%�,,�1 ���-
%�
  ��&�.ก�����ก�1+4��
�ก 2��&�.�ก*1�ก�����"���
%�,,�1��

�# 
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�<���� 2.39 0%�
 �#�	��%�,,�1 RS232  �
���+� CP-JR51USB v1.0 
 

 '�(
��"$C
������ �#�	��%�,,�1 RS232  �
���+�
�#
 ��&�)�#
$&� 4 "%�
 0	��
ก�� ���-%�
 
 ��&�.0����ก	�
�#
 �����%�,,�1"���
0!� 3 "%�
 !-� RXD,TXD 0.� GND ")��
�#
 %��
 +VCC 
'�(
"�8
�a".�#�
�
�� +5V 
�#
 ���&����"�8
	��

��&�����
ก��%-(�%��ก�
0	�����
�� 2�� +VCC 
$�-� +5V 
�# ����ก0��"/-(�����
ก�1�)�(���ก�1+�.��)�
"�8
�
�� 
��".Cก0.��&�%���ก)�(��
$�0$.�
�����a�$�ก�����ก�1+�.��)�
���� กC���	���a".�#�
�
�� +VCC 
�#��ก���$�ก�����ก�1+
�.��)�
����กC���"��
ก�
 
 

2.8 (�#�"���-�#
	��#�"�� �� MCS-51 
  2.8.1 ก	��&)�	�(�#�"����(��
�
"����-#-"�� MCS-51 

          �&2!�!�
2)�.".��+ MCS-51 &��)"&��+/"!�
+"	��+ 
�� 16 ��	 2 	�� !-�
�)"&��+ 0 0.��)"&��+ 1 %��
�
�&2!�!�
2)�.".��+�
�ก�& 8052 '�(
��ก&�)�$.�
��&��)
"&��+/"!�
+"	��+ 3 	�� 
�#
!-�&��)"&��+ 2 "��(& �#
&� �)"&��+/"!�
+"	��+0	�.�	��%�&���".-�ก���
�

"�8
�)"&��+ $�-�"!�
+"	��+กC��� 0.�)��
�
�������
"�8
��%��	��ก�
 �
ก��)��
�
"�8
�)"&��+
�#

�����$.�กก��"��(&!������%"	��+�)"&��+ )�ก 3 Machine Cycle '�(
&����
")��ก�� 12 !��%�,,�1

���ก�)�(��ก%���
 �#
��ก!��%	�.)�(	�����
�
�$�ก���&2!�!�
2)�.".��+
�#
"�
 �
ก�����
�
�)
"&��+ 0 0.� 1  �
 MCS-51 
�#
 	��
�����ก ����%"	��+)�(%��!�,)�(���!��!�&ก��)��
�
 �
�)"&��+
"%��ก��
 '�(
&����.�"������

�# 
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  ����%"	��+�)"&��+: "�8
����%"	��+ 
�� 8 ��	 &� 4 	������ก�
!-� TL0 ����)�(
	��0$
�
 8AH, TH0 ����)�(	��0$
�
 8CH, TL1 ����)�(	��0$
�
 8BH 0.� TH1 ����)�(	��0$
�
 8DH 2��
�ก	���)��
�
"�8
!��ก�
 
�#
!-��)"&��+ 0 �������%"	��+ TL0 0.� TH0 %��
�)"&��+ 1 �������%"	��+ 
TL1 0.� TH1 '�(
)���$�ก.��"�8
����%"	��+ 
�� 16 ��	 �
ก��)��
�
"�8
�)"&��+ "&-(��)"&��+��ก
"�}�!���
����%"	��+�)"&��+��"��(& �#
)�ก 3 Machine Cycle �
ก�����"ก��ก��2�"���+2a.�+    
   ����%"	��+ TCON: "�8
����%"	��+ 
�� 8 ��	 ����)�(	��0$
�
 88H %�&���
" ����
����
�������	 &�2!�
%���
��
0%�
�
���)�( 2.41 

 
 

 

 

 

 

�<���� 2.40 2!�
%���
����%"	��+ TCON 

 TF1 (Timer 1 overflow Flag): "�8
��	)�(����
0%�
ก��"ก��2�"���+2a.� �
�)"&��+ 1 
2����	 TF1 ����ก"'	"�8
 y1z ��	2
&�	� "&-(�"ก��2�"���+2a.���ก�)"&��+ 1 0.�����ก"!.���+2��
ก����
ก��)�
b��+�0��+ "&-(�"ก��ก����
"	��+���)+��ก�)"&��+ 1  �#
 

 TR1 (Timer 1 run Control bit): ���!��!�& "�}� �}� ก��)��
�
 �
�)"&��+ 1 %�&���"'	 
$�-�"!.���+���2��'�a)+0��+ 2�����	��
ก���$��)"&��+ 1 )��
�
	��
"'	��	
�#�$�"�8
 y1z 

 TF0 (Timer 0 overflow Flag): "�8
��	)�(����
0%�
ก��"ก��2�"���+2a.� �
�)"&��+ 0 
2����	 TF0 
�#����ก"'	"�8
 y1z ��	2
&�	� "&-(�"ก��2�"���+2a.���ก�)"&��+ 0 0.�����ก"!.���+2��
ก����
ก��)�
b��+�0��+ "&-(�"ก��ก����
"	��+���)+��ก�)"&��+ 0  �#
 

 TR0 (Timer 0 run Control bit): ���!��!�& "�}� �}� ก��)��
�
 �
�)"&��+ 0 %�&���"'	 
$�-�"!.���+���2��'�a)+0��+ 2�����	��
ก���$��)"&��+ 0 )��
�
	��
"'	��	
�#�$�"�8
 y1z 

   ����%"	��+TMOD (Timer/Counter Mode Control Register): "�8
����%"	��+
 
�� 8 ��	 ����)�(	��0$
�
 89H �&�%�&���" ����
����
�������	��� 0��
��ก"�8
 2 %��
!-� %��
 4 
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��	.��
���ก��$
�2$&�ก��)��
�
 �
�)"&��+ 0 0.� 4 ��	�
���ก��$
�ก��)��
�
 �
�)"&��+ 1 
&�2!�
%���
��
0%�
�
���)�( 2.42 
 
 

 
 

 

 

�<���� 2.41 2!�
%���
����%"	��+ TMOD 

 GATE: ���".-�กก��!��!�&ก��)��
�
 �
�)"&��+ 2�����"�8
 y0z ��"�8
ก��!��!�&)�

'�a)+0��+ 
�#
!-��)"&��+��)��
�
"&-(���	 TR �
����%"	��+ TCON "�8
 y1z 0	��
ก�1�)�(��	 
GATE "�8
 y1z ��"�8
ก��!��!�&)�
b��+�0��+ 
�#
!-��)"&��+��)��
�
"&-(���	 TR �
����%"	��+ 
TCON "�8
 y1z 0.�  ���
��	 INT  �
�&2!�!�
2).".��+&�%��
�.���ก"�8
"�8
 y1z ���� C/T 
(Timer or Counter selector) ���".-�กก��)��
�
 �
�)"&��+/"!�
+"	��+ 2�����"�8
 y0z ��)��
�

"�8
�)"&��+ 0	����"�8
y1z��)��
�
"�8
"!�
+"	��+  M1, M0 (Mode selector bit) ���".-�ก2$&�ก��
)��
�
 �
�)"&��+/"!�
+"	��+2����� "�8
y00z )��
�
�
2$&� 0, y01z )��
�
�
2$&� 1, y10z 
)��
�
�
2$&� 2, y11z )��
�
�
2$&� 3 

 ก	���	�	����.�� 0 "�8
ก��)��
�
"�8
�)"&��+/"!�
+"	��+ 13 ��	 
�#
!-����
�
����%"	��+ 
TL 5 ��	 0.� TH 8 ��	 ��

�#
"&-(�!���
����%"	��+ TL 0.� TH "��(& �#
�
"�8
 y1z $&�)�#
 13 ��	 
��	 TF 4���
����%"	��+ TCON กC����ก"'	 "�-(�0%�
ก��"ก��2�"���+2a.�+ 
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�<���� 2.42 0%�
ก��)��
�
 �)"&��+/"!�
+"	��+ �
2$&� 0 

  ���
�� 13 ��	 2�� TLx 5 ��	 ��&ก�� THx ��ก 8 ��	'�(
�����
���
 0000H ��
 1FFFH ( $�-� 
0 - 8192 ) 
�#
!-����
��"ก�
 8192 !����"ก��!��.�
 (Overflow))�( TFx �
����%"	��+ TCON ��ก�$����
���
��!��0.�� �
ก��
����"��(&
��)�(����%"	��+ TLX �
%��
 5 ��	ก��
�$�!�� 31 !��#
 ( 25 $�-� 
XXX00000B ��
 XXX11111B) 	����ก
�#
��"��(&!��)�( THX  �#
 1 !�� (��

�#
��	��%��
��$���
 
THX	��TLX��
"�8
1:32)  
  ก��!��!�&ก��	�#
"�.�2�����'�a0��+��	��
ก��$
���	)�( GATE, C/T �
����%"	��+ 
TMOD 0.� TRx �
����%"	��+ TCON �
%��
 �
b��+�0��+ก��ก��$
�%��
�.���ก)�
 � INTx 
��"�8
ก��"�}� �}� Control )�(�������
��	��ก 2 )�
 !-� !��&��(4���
!�
2)�".��+ $�� ���� 12 
%��
��ก)�
&���ก � Tx "&-(�"	���&)�ก��	"��������0.�� กC"��(&�$�!�
2)�".��+
�� $�-�$���
��)�(
��	 TRx ()�
'�a0��+) 

  

�<���� 2.43 0%�
ก��)��
�
 �)"&��+/"!�
+"	��+ �
2$&� 1 
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ก	���	�	����.�� 1 "�8
ก��)��
�
"�8
�)"&��+/"!�
+"	��+ 16 ��	 
�#
!-����
�
����%"	��+ 
TL 0.� TH !��)�#
 8 ��	 ��

�#
"&-(�!���
����%"	��+ TL 0.� TH "��(& �#
�
"�8
 y1z $&�)�#
 16 ��	 
��	 TF 4���
����%"	��+TCONกC����ก"'	"�-(�0%�
ก��"ก��2�"���+2a.� 

 

�<���� 2.44 0%�
ก��)��
�
 �)"&��+/"!�
+"	��+ �
2$&� 2 

ก	���	�	����.�� 2 "�8
ก��)��
�
"�8
�)"&��+/"!�
+"	��+ 8 ��	 0��	�#
!����	2
&�	� 
(Auto Reload) 2������%"	��+ TL )��
�
"�8
	��
�� %��
����%"	��+ TH )��
�
"�8
	��"กC�!��"��(&	�

 �
ก��
�� "&-(�"��(&	�
ก��)��
�
!������%"	��+ TL ����ก"'	�$�"$&-�
ก��!���
����%"	��+ TH 0.�
"��(&ก��
��0�� 8 ��	 "&-(�
���
"ก��2�"���+2a.� (!���
����%"	��+ TL "�8
 y1z $&�)�ก��	) ��)��
�$���	 TF 4���
����%"	��+ TCON ����ก"'	 %��
����%"	��+ TL กC����ก"'	�$�"$&-�
ก��!���

����%"	��+ TH 0.�"��(&	�
ก��
���$&���ก!��#
����%"	��+ TH 0.�"��(&	�
ก��
���$&���ก!��#
 

ก	���	�	����.�� 3   ��0��
 Timer 0 ��ก��ก Timer 1 ก�����
�
 Timer 0 ��0�ก TH0 
ก�� TL0 �$�&�	��
��%�
	��)��
�
��%��	��ก�
0.�)��
�
0�� 8 ��	")��
�#
 )�(����%"	��+ TL0 
%�&���".-�กก��)��
�
)�#
2$&�	��
�� (Counter) 0.�	��	�#
"�.� (Timer)���	�&�ก	� ��ก��� TL0 
�������	ก��)��
�
 �
 Timer 0 2��ก��ก��$
���	 C/T , TR0 , Gate , INT0 0.� TF0 "�8
	��
!��!�&ก��
��"ก�
  
 %��
 Timer 1 ���&�&��
2$&� 3 0	������ TF1 0.���	 TR1 "�8
	��!��!�&ก��)��
�

���&ก�� TH0 (Timer 0) 0)
 0.������"�8
	��	�#
"�.�")��
�#
 (
��!��0&���
�'"ก�.��ก!��&��!�

2)�".��+)2��ก��ก��$
� TR1 �$�"�8
 y1z  ��&�.�
 TH0 ��"��(&
����
 FFH 0.��ก.��"�8
!�� 00H 
�$&���)���$� TF1 "ก�� Overflow  �#
 ("�8
 y1z) 
�#
กC!-�ก�����
 ���
"	��+���)+  
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�<���� 2.45 0%�
ก��)��
�
 �)"&��+/"!�
+"	��+ �
2$&� 3 

2.9 ����ก�� m	+	 Visual Basic  

 2��0ก�&4�*� Visual Basic "�8
2��0ก�&4�*� )�(�����7
� Application �
"!�-(�
 Pc 

2��0ก�& Visual Basic "�8
2��0ก�&)�(��7
�&���ก 4�*� Basic '�(
"�8
2��0ก�&4�*�)�(���

��7
� Application �
 Dos 0.�������ก����7
� �
ก.��"�8
 Visual Basic )�(���
�
���&�
 

Windows 

2��0ก�& Visual Basic "�8
2��0ก�&)�()�(%
��%
�
ก����7
� Application 0�� 

Component !-� "�8
ก��
��"����	�� (Object) )�(������ก����7
� �#
 2��2��0ก�& Visual Basic "�
 

&����ก��" ������ก�
0.�" ��
!��%�(
!��!�&ก��)��
�
 ���	�&!��&	��
ก�� �
/����7
� 

Application 
�#
 .�ก*1�ก��)��
�
��
ก.���)���$�%�&�����7
� Application ���%���ก���"�C� 

 
2.10 ����ก�� Keil C51 
  2��0ก�& Keil C51 "�8
2��0ก�&!�&�a".��+ (complier) 4�*�'���7
�2�����*�) Keil 
Software  	��2��0ก�&
�#&��-(���� uVision 3 '�(
"�8
!�&ad"��+)�(�����
ก����7
�2��0ก�&4�*�'� 
"�8
 HEX �a.+ "�-(�����
ก���$�2��0ก�&.
$
���!��&��� �
�&2!�!�.2)�".��+  �$�)��
�

	�&)�(	��
ก�� 



 

3.1 �'��!"�t	������� 

3.1.1 Encoder  
         ��� ZX-21 	�����ก��.��$.�


��
��ก�� Counter  �
 MCU 

          ��กก��)�.�
����� .��$&�
 

(pulse 1 .�ก ��ก&�"&-(�.��$&�
�� 

 
3.1.2 ก	�
��
���"#�"��

       	�����������".�+ 

(��กก��!��!�&)�(��2&)) 

'���.
- �� �#
 ��กก��)�.
�����ก%�,,�1)�(��".�+ �������&�%�,,�1�a��ก���&�1 

)�(��".�+ 0.� &�.�ก*1�	��
ก�
����
�����ก0���
��)��
'�%"	��+"�-(�

��
���)�( 3.1 

 

�<���� 3.1 0%�
�
��)��
'�%"	��+)�(����
ก��%���
%�,,�1����	�.

����� 3 

.-�กก	�""ก��� 

 

	�����ก��.��$.�
-'��� %�,,�1)�(�����"�8
 0%.��ก�� 1 

MCU 2�����  � T0 0.���� Timer0 "�8
	��
��  

��กก��)�.�
����� .��$&�
 1 ������������ 46 cm ��

�#
 pulse 1 

.�ก ��ก&�"&-(�.��$&�
�� 40 �
5�) 


��
���"#�"��  
	�����������".�+ 4 	��"�-(�!��!�&&�"	��+�$�"!.-(�
)�( &�ก��"!.-(�
)�()�#
$&� 

) ���0ก� $���
�(
,  �#
)�#
!��,  �#
'���,  �#
 ��, .
'���, .
 ��

 �� �#
 ��กก��)�.
�����ก%�,,�1)�(��".�+ �������&�%�,,�1�a��ก���&�1 

)�(��".�+ 0.� &�.�ก*1�	��
ก�
����
�����ก0���
��)��
'�%"	��+"�-(�%���
%�,,�1����	�. �#
&� 

 

0%�
�
��)��
'�%"	��+)�(����
ก��%���
%�,,�1����	�.

60 

1 (pulse) 2����
��" ��

pulse 1 .�ก����� 5.1 cm 

	��"�-(�!��!�&&�"	��+�$�"!.-(�
)�( &�ก��"!.-(�
)�()�#
$&� 9 ��f� 

.
 ��, '��� �#
- ��.
, 

 �� �#
 ��กก��)�.
�����ก%�,,�1)�(��".�+ �������&�%�,,�1�a��ก���&�1 7V ��ก&�

%���
%�,,�1����	�. �#
&� 

0%�
�
��)��
'�%"	��+)�(����
ก��%���
%�,,�1����	�. 
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���)�( 3.1 
����)�.�
���!������	�. �������

�# ("���
��ก M1-M4) (�$����
�
�� �
����

" ��
��ก) 

 '���- �#
   1110 
'���-.
   1101 
 ��- �#
   0111 
 ��-.
   1011 
 �#
)�#
!��   0110 
.
)�#
!��   1001 
'���.
- �� �#
  0101 
'��� �#
- ��.
  1010 
$���
�(
   1111 

 

  ��&�.
�#��
����	��������ก��.�
"��
$
�� $�-����$.�
	����  

  ก��	�� M1 m M4 " �� MCU ��	����

�# 

   P2.0 = M1 

   P2.1 = M2 

   P2.2 = M3 

   P2.4 = M4 

 

 3.1.3 ���������%�����ก��!�	� 

          ����	������%�(
ก�� ��
�
2!�

�

�# ���)��ก����7
�����ก��	������%�(
ก��
 ��
2��ก��
��"����.	���2'
�!)��
���"'��+&�"�8
	��	������%�(
ก�� ��
��
)�(���ก.���&�0.���

 ��
	�
 
         3.1.3.1 ก	����"� SRF - 04 
      �
ก��)�.�

�#"�8
ก��)�%��"�-(�0%�
ก��ก��$
����� �
 SRF04 ���
%�&���	��������	���
����	��
3�����"���
��2������� SRF-04 2��%�
%�,,�1 " �� MCU ��

�# 

 P0.0 = Trigger Input 

 P0.1 = Pulse Output 



62 
 

 ��กก��)�.�
 ��	��
	��	�#
 SRF-04 )�(����%�
��ก�-#
 ���&�1 20 cm ��
��������

��ก	��
 0.�������� �
��	�����0&�
����
���� 1.5 m $�ก"ก�

�#��"ก�� Error &�ก  

 

 3.1.4 ���<-#!G���H�����"- CMPS 03 Digital Compass Module 

 %��
 �
" C&)�5 ��� CMPS03 2��%�
%�,,�1 " �� MCU ��

�# 

 P1.0 = SCL 

 P1.1 = SDA 

 

3.2 �'��!"�/"k������ 

 3.2.1 m	
 MCU 

  3.2.1.1 ก	������%������#
-[�"���� 

   ��� Timer0 "�8
 Counter 2��
��%�,,�1)�("�.�(�
��ก 1 "�8
 0 )�( � T0 

ก��
ก��
����	��
"!.���+!�� TL0 0.� TH0 �$�"�8
 0x00 ���� "&-(�
�����กC
����!�1ก�� 5.11 ��"�8


����)�
)�(��� 

 

 3.2.1.2 ก	�
��
�� SRF-04 

   ���)¡*¢��)"�-(�
 ��.	���2'
�!)��
%���"'��+ SRF04 )�(���ก.���&�0.��

 ��
	�
2��%�
��.%+�
���
"�.�)�(ก��$
� 0.���!��"�.�)�("%��
��%�)��
ก.��&� 0.�
��!��&

ก���
 �
%�,,�1)�(������&�!��
�1$����� �
��	�� ��,$� �
%��

�#!-�!��&0&�
��� 0.�"�.�)�(

����
ก��)��
�
 (!��
 ��

�
 "
-(�
��ก	��
��"%��
) 2����!��
�1 2 !��#
 0.�$�!��"6.�(�  

 

  3.2.1.3 ก	�
��
�����<-#!G���H�����"- CMPS 03 Digital Compass Module 

   " ��
	��	��0��  I2C 2��	��
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1. 2&��.	������0.��������)�
������	���2'
�! SRF-04 Ultrasonic Distance Detector 

Module 

2. 2&��." C&)�5����	�. CMPS03 Digital Compass Module 

3. ���+�)�.�
 ET-CP-JR51-USB-V1 

4. �
��%�,,�1��
"	��+���)+    

5. 0/
�
��	�������$�%.�� ZX-21 

6. 4����%�����)�(������ก&�&���
$
�� (Front view) 

7. 4����%�����)�(������ก&�&���
 ��
 (Side view) 

8. 4����%�����)�(������ก&�&�
( Top view) 
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Code Broad Program 

*/ 
#include <at89c5131.h> 
#include <intrins.h> 
#include "config.h" 
sbit srf_trigger = P0^0; 
sbit srf_echo = P0^1; 
sbit SCL = P1^0; 
sbit SDA = P1^1; 
sbit test_bit = P1^3; 
unsigned char motor; 
void init_int() { 
EA = 1;  //enable all int. 
EX1 = 1;  //enable external int. of INT1 
IT1 = 1;  //trigger at high to low change of INT1 
} 
void init_counter() { 
//use T0 to count pulse to calculate distance 
TMOD |= 0x05;  //use T0 as counter (pin 3.4) and use mode 1 (16 bit) 
TL0 = TH0 = 0; 
TR0 = 1;   //switch on counter 0} 
void i2c_delay() { 
unsigned char i; 
for(i=0;i<8;i++) 
; 
} 
void txd(unsigned char val) { 
SBUF = val; 
while(!TI) 
; 
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TI = 0; 
} 
void timer1_service() interrupt 3 { 
motor = P2; 
} 
void i2c_high() { 
SCL = 1; 
i2c_delay(); 
} 
void i2c_low() { 
SCL = 0; 
i2c_delay(); 
} 
void i2c_start() { 
SDA = 1; 
i2c_high(); 
SDA = 0; 
i2c_delay(); 
i2c_low(); 
SDA = 1; 
} 
void i2c_stop() { 
SDA = 0; 
i2c_high(); 
SDA = 1; 
} 
bit i2c_write(unsigned char dat) { 
unsigned char i; 
bit outbit; 
for(i=0;i<8;i++) { 



89 
 

outbit = dat & 0x80; 
SDA = outbit; 
dat <<= 1; 
i2c_high(); 
i2c_low(); 
} 
SDA = 1; 
i2c_high(); 
outbit = SDA; 
i2c_low(); 
return outbit; 
} 
unsigned char i2c_read() { 
unsigned char i,dat; 
bit inbit; 
dat = 0; 
for(i=0;i<8;i++) { 
i2c_high(); 
inbit = SDA; 
dat <<= 1; 
dat = dat | inbit; 
i2c_low(); 
} 
SDA = 1; 
i2c_high(); 
inbit = SDA; 
i2c_low(); 
 
return dat; 
} 
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unsigned char cpms_read() { 
bit ok; 
unsigned char dat; 
i2c_start(); 
ok = i2c_write(0xC0); 
if(ok != 0) 
txd(0xFA); 
ok = i2c_write(0x01);   //register 
if(ok != 0) 
txd(0xFB); 
i2c_start(); 
ok = i2c_write(0xC1); 
if(ok != 0) 
txd(0xFC); 
dat = i2c_read(); 
i2c_stop(); 
return dat; 
} 
void delay_ms(unsigned char m) { 
int i; 
for(i=0;i<m * 2000;i++) 
; 
} 
void init_uart() { 
//use T2 to generate baud rate at 9,600 bps 
SCON = 0x52; 
T2CON = 0x30; 
RCAP2H = 0xFF; 
RCAP2L = 0xB1; 
TR2 = 1; //start baud rate gen. 
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} 
void init_srf() 
{ //use T1 to count width of echo signal     TMOD |= 0x10; } 
unsigned int srf() { 
unsigned char i; 
unsigned int dat; 
TL1 = 0x00; 
TH1 = 0x00; 
TR1 = 0; 
srf_trigger = 0; 
srf_echo = 1; 
srf_trigger = 1;    //send trigger at least 10 us 
 
for(i=0;i<20;i++) { 
_nop_();         //delay about 10 us (1 machine cycle = 0.5 us) 
} 
srf_trigger = 0; 
while(!srf_echo); 
TR1 = 1;     //start timer 1 
while(srf_echo); 
TR1 = 0; //stop timer 1 
 
dat = TH1; 
dat <<= 8; 
dat |= TL1; 
 
return dat; 
} 
unsigned char srf_cal() { 
unsigned char i; 
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unsigned int sum,val; 
sum = 0; 
for(i=0;i<2;i++) { 
val = srf(); 
sum = sum + (val/2); 
delay_ms(10); 
} 
sum /= 114; 
 
if(sum > 250) 
return 0xFF; 
else { 
i = sum & 0x00FF; 
return i; 
} 
} 
void  main() { 
unsigned char dis,deg,m; 
unsigned char car_dis; 
init_uart(); 
init_int(); 
motor = 0xFF; 
init_srf(); 
init_counter(); 
car_dis = 0; 
while(1) { 
dis = srf_cal(); 
deg = cpms_read(); 
txd(0x7E); 
txd(dis); //obsruct distance 



93 
 

txd(deg); //orientation of car 
txd(motor); //data of motor 
m = P2; 
m &= 0x0F; 
car_dis = 0; 
if(m == 0x0F) {   //if car stop FW/BW so cal. for dis 
TR0 = 0; 
car_dis = TL0; 
TH0 = TL0 = 0x00; 
motor = 0xFF; 
TR0 = 1; 
} 
txd(car_dis); 
} 
} 

 
Visaul Basic code 
 
Attribute VB_Name = "Form1" 
Attribute VB_GlobalNameSpace = False 
Attribute VB_Creatable = False 
Attribute VB_PredeclaredId = True 
Attribute VB_Exposed = False 
Dim myscale As Integer 
Dim org_x As Integer 
Dim org_y As Integer 
Dim org_view_y As Integer 
Dim PI As Double 
 
Dim dis As Integer 
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Dim theta As Byte 
Dim x1 As Integer 
Dim y1 As Integer 
Dim x2 As Integer 
Dim y2 As Integer 
Dim x3 As Integer 
Dim y3 As Integer 
 
Dim car_center_x As Integer  'x of car real 
Dim car_center_y As Integer  'x 
Dim car_y_view As Integer  'y of car that will draw in screen 
Dim car_nv As Double 'car normal vector theta 
Dim car_w As Integer 'half of car width = 11 cm (car width = 22 cm) 
Dim tri_l As Integer 'length of triangle of car 
Dim offset As Double 
 
Dim byte_count As Byte 
 
Dim obs_x(50) As Integer  'point of obstruct 
Dim obs_y(50) As Integer 
Dim obs_count As Integer 
 
Dim tx_ok As Boolean 'check header of comm. 
Dim vel As Integer  'scale in cm 
Dim first As Boolean 
 
Dim comm_port As Integer 
 
 
Private Function check_cos(ByVal deg As Double) As Double 
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If deg >= 0 And deg <= 90 Then 
check_cos = Cos(deg) 
ElseIf deg > 90 And deg <= 180 Then 
check_cos = -Cos(deg) 
ElseIf deg > 180 And deg <= 270 Then 
check_cos = -Cos(deg) 
ElseIf deg > 270 And deg <= 360 Then 
check_cos = Cos(deg) 
End If 
End Function 
 
Private Function check_sin(ByVal deg As Double) As Double 
If deg >= 0 And deg <= 90 Then 
check_sin = Sin(deg) 
ElseIf deg > 90 And deg <= 180 Then 
check_sin = Sin(deg) 
ElseIf deg > 180 And deg <= 270 Then 
check_sin = -Sin(deg) 
ElseIf deg > 270 And deg <= 360 Then 
check_sin = -Sin(deg) 
End If 
End Function 
 
 
Private Sub draw_car() 
Dim theta1 As Double      'direction of car 
Dim theta2 As Double    'angle to right base of triangle 
Dim theta3 As Double    'angle to left base of triangle 
theta1 = car_nv 
theta2 = theta1 - 90 
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If theta2 < 0 Then 
theta2 = 360 - Abs(theta2) 
End If 
 
theta3 = theta1 + 90 
 
x1 = car_center_x + CInt(car_w * check_cos(theta2 * PI / 180)) 
y1 = car_y_view + CInt(car_w * check_sin(theta2 * PI / 180)) 
x2 = car_center_x + CInt(tri_l * check_cos(theta1 * PI / 180)) 
y2 = car_y_view + CInt(tri_l * check_sin(theta1 * PI / 180)) 
x3 = car_center_x + CInt(car_w * check_cos(theta3 * PI / 180)) 
y3 = car_y_view + CInt(car_w * check_sin(theta3 * PI / 180)) 
 
Line1.x1 = x1 
Line1.y1 = y1 
Line1.x2 = x2 
Line1.y2 = y2 
 
Line2.x1 = x2 
Line2.y1 = y2 
Line2.x2 = x3 
Line2.y2 = y3 
 
Line3.x1 = x3 
Line3.y1 = y3 
Line3.x2 = x1 
Line3.y2 = y1 
 
Line4.x1 = car_center_x 
Line4.y1 = car_y_view 
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Line4.x2 = x2 
Line4.y2 = y2 
 
End Sub 
 
Private Sub init_data() 
PI = 3.14159 
myscale = Int(Form1.Width / Form1.ScaleWidth) 
org_x = ((Form1.Width - Line5.x1) / 2) / myscale 
org_x = org_x + 70   'calibrate to center of screen 
org_y = (Form1.Height / 2) / myscale 
org_view_y = org_y 
car_w = 5 'width of car in cm 
tri_l = 5 'use to draw triangle shape of car sensor 
 
car_center_x = org_x 
car_center_y = org_y 
car_y_view = car_center_y 
car_nv = 90 
 
x1 = org_x + car_w 
y1 = org_y 
x2 = org_x 
y2 = org_y - tri_l 
x3 = org_x - car_w 
y3 = org_y 
 
obs_count = 0 
first = True 
tx_ok = False 
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comm_port = -1 
End Sub 
 
Private Sub init_comm() 
If MSComm1.PortOpen = True Then 
i = MsgBox("Port is connected already", vbExclamation) 
Exit Sub 
End If 
 
If comm_port = -1 Then 
comm_port = 3  'default comm port 
End If 
 
MSComm1.CommPort = comm_port 
MSComm1.Settings = "9600,n,8,1" 
MSComm1.PortOpen = True 
MSComm1.RThreshold = 1 
MSComm1.InputLen = 1 
End Sub 
 
Private Sub move_car(ByVal dir As Byte)   'F,B,FL,FR,BL,BR 
Select Case dir 
Case 0  'F 
car_center_x = car_center_x + CInt(vel * check_cos(car_nv * PI / 180)) 
car_center_y = car_center_y + CInt(vel * check_sin(car_nv * PI / 180)) 
car_y_view = car_y_view + CInt(vel * check_sin(car_nv * PI / 180)) 
Case 1  'B 
car_center_x = car_center_x - CInt(vel * check_cos(car_nv * PI / 180)) 
car_center_y = car_center_y - CInt(vel * check_sin(car_nv * PI / 180)) 
car_y_view = car_y_view - CInt(vel * check_sin(car_nv * PI / 180)) 
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End Select 
End Sub 
 
Private Sub clear_Click() 
Call clear_map 
End Sub 
 
Private Sub Command1_Click() 
Call clear_map 
End Sub 
 
Private Sub Command2_Click() 
Call init_comm 
End Sub 
 
Private Sub connect_Click() 
Call init_comm 
End Sub 
 
Private Sub Exit_Click() 
End 
End Sub 
 
Private Sub Form_Load() 
byte_count = 0 
theta = 90 
Call init_data 
Call draw_car 
End Sub 
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Private Sub draw_obstruct() 
Dim i As Integer 
 
For i = 0 To obs_count - 1 
If obs_x(i) <> -1 Then 
obs(i).Visible = True 
obs(i).Left = obs_x(i) 
obs(i).Top = obs_y(i) 
End If 
Next i 
If obs_count >= 50 Then 
obs_count = 0 
End If 
End Sub 
 
Private Sub clear_map() 
Dim i As Integer 
 
For i = 0 To 49 
obs_x(i) = -1 
obs_count = 0 
obs(i).Visible = False 
Next i 
 
End Sub 
 
Private Function check_dup(ByVal x As Integer, ByVal y As Integer) As Boolean 
Dim i As Integer 
For i = 0 To obs_count 
If Abs(obs_x(i) - x) < 2 And Abs(obs_y(i) - y) < 2 Then 
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check_dup = True 
Exit Function 
End If 
Next i 
check_dup = False 
End Function 
 
 
 
 
Private Sub MSComm1_OnComm() 
Dim d As Integer 
Dim num As Variant 
Dim x As Integer 
Dim y As Integer 
Dim car_dir As Integer 
 
Select Case MSComm1.CommEvent 
Case comEvReceive 
num = MSComm1.Input 
 
If tx_ok = False Then   'check for protocol header 
If CInt(Asc(num)) = &H7E Then 
tx_ok = True 
End If 
Exit Sub 
End If 
 
car_dir = 3 
If byte_count = 0 Then 
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If first = False Then 
dis = Asc(num) 
If dis <> 255 Then  'cannot see in range of SRF-04 
x = car_center_x + CInt(dis * check_cos(car_nv * PI / 180)) 
y = car_center_y + CInt(dis * check_sin(car_nv * PI / 180)) 
If check_dup(x, y) = False Then 
obs_x(obs_count) = x 
obs_y(obs_count) = y 
obs_count = obs_count + 1 
End If 
End If 
End If 
ElseIf byte_count = 1 Then 
If first = True Then 
'first = False 
offset = 270 - CInt((Asc(num) / 255) * 360) 
End If 
 
car_nv = CInt((Asc(num) / 255) * 360) + offset 
car_nv = CDbl(car_nv) 
ElseIf byte_count = 2 Then 
d = Asc(num)   'm1-m4 
d = d And &HF 
'check for direction now 
Select Case d 
Case &H6 
car_dir = 0 
Case &H9 
car_dir = 1 
Case Else 
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car_dir = 3 
End Select 
ElseIf byte_count = 3 Then 
d = Asc(num) 
d = CInt(d * 5.11) 
End If 
here: 
 
byte_count = byte_count + 1 
If byte_count >= 4 Then 
byte_count = 0 
tx_ok = False 
If first = True Then 
first = False 
Exit Sub 
End If 
End If 
 
If dis = 255 Then 
Label3.Caption = "..." 
Else 
Label3.Caption = dis & " cm" 
End If 
 
If car_dir <> 3 Then 
vel = d 
Call move_car(car_dir) 
End If 
Call draw_car 
Call draw_obstruct 
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End Select 
End Sub 
 
Private Sub set_port_Click() 
Dim port As String 
port = InputBox("Enter comm port", "Message", 0, 200, 300) 
comm_port = CInt(port) 
End Sub 
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