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WBaby Care Online SystemX is a monitoring system on babiesm temperature, moisture of 

damp diapers and captures the babiesm movements and sends information to website that even if 
baby-sitter havenmt been with babies, always know when babies have been unusual. The 
components of this system consist of the small sensor for wearing on the babyms wrist which 
detects temperature and send the data to the baby-sitterms computer. Therefore, baby-sitter 
immediately knows when baby has fever. Additionally, this system has sensor install to diaper 
for detecting moister when baby urinated that baby-sitter canmt know as long as baby has been 
uncomfortable and cried out or urine have seeped away. For sending information from sensors 
to the baby-sittersm computers, this system uses the wireless communication with radio 
frequency. Signal transmitter was designed to save energy with using 3-volts power supply, 
therefore the device has more than 1 month life-time. Moreover, the signal transmitter can send 
signal further than 50 meter away from the receiver. And this system can monitor the 
temperature and moisture of diapers about 50-150 babies at the same time also the baby-sitters 
can check the babiesm information through the website using computer or mobile phone. 
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���ก��� ��M��� #� "���\$&!$&��%�กZB�?���
[�
��?�����	�ก
�?�����RT[�� �Cก
�ก��ก���R�?
�
C��M���!��
[����  �BC� "�%&�"���\$&��! EZ�M���!������ก������	�
��$ ZB�"�%&�"���\$& 915 
MHz Z�M���!�!�? E#�MZB� 868 MHz ��� M���!��%&�pZB�"���\$& 2.4 GHz (Lita and Oprea, 

2008) 
��
���?!$& 2 
 

DE�M��	?"�R�??����D
 	C��Z�KC�
[��EC?�����M!$&ก���>�&�M��	�!@�S�> ��� ก��
M�� Eก
�ZB�?�� �$?����D
 D̂������ก!$&�EC?����Z�ก���>�&�M��	�!@�S�> �BC� ?����D
 !$&�ก$& �ก
� 
	�&?������� ��%� ?����D
 !$&�ก$& �ก
�	ERS�> #� ZB���@$ก��
C�?p 
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:���5��� 1  �	�?ก���M�$ ��!$ �ก��	%&�	�����	� ��
�t�� 
 

Standard 802.11b/g 802.15.1 802.15.4 
Frequency  

2.4GHz 2.4GHz 
2.4 GHz 

Band 868/915 MHz 
Transmission 

1-100m 1-10m 
1-100m 

Range (over 1 km  
(inter-node) with antenna) 
Stack Size ~ 1Mb ~ 1Mb 4-32 kb 

Raw data rate 11/54 Mbps 1 to 2 Mbps 
250kbps 
40kbps 
20kbps 

Number of nodes 32 8 255/65,535 

Architecture star star 
star,tree, 

cluster,mesh 
Medium- 

Power Medium-hour hour/days Low-years on 
requirements on one on one  one battery 

   battery battery   

Applications 

Cable 
Internet Replacement Low cost 
Network Computer Monitoring  

Email and phone 
Video peripherals   

 

���;�: Lita (2008) 
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:���5��� 2  �	�? C��"���\$&!$&ZB�Z��
C��M���!� 
 

Frequency License Geographic Data Channel 
Band Required? Region Rate Number(s) 

868.3 MHz No Europe 20kbps 1 
902-928 MHz No Americas 40kbps 1-10 

2405-2480 MHz No Worldwide 250kbps 11-26 

 

���;�: Lita (2008) 
 

2. �!"#�#� $	%&�	�����	� �>%&�	�&?������� 
 

    M� ".�. 2002 �$?����D
 �ก$& �ก
�ก���̂��]��]�����BC� Z�ก���TกJ�	S�>"����MY�� �C

R�?>%B ��� 	

�� ���ก�����ก p��C?��T&? (Polastre, 2003) ]T&??����D
 �$[D�!^�ก���ก��R�����
C�?p 

�BC� �E��S��� "����
� ��%� "���B%[� #� Z�ก����D
 �$[S�"	C?	
KK��D�
�����ก
�	�&?!$&
��?ก��

D�
��D�
� 32 DE� ���	C?R������ก�����!$&�"�%&�?"��>���
��� ��
�
��$&!$&S�"	C?	
KK��D��$�� E

ก��ZB�?�������กก�C� 4 ��%�� M��	�!@�S�>ก��!^�?��R�?�]��]���
C�? p �
[������D�ก
���?!$& 3 

?����D
 �$[ZB�!E�Z�ก����D
 ��กก�C� 1.2 �������$ K����C���	��
t ���  
?"?D��$ก��>
}��


C���%&�?�MZ����"
 

 

 
 

F����� 1  >�
??��R�?��
�
��$&!$&ZB�R��!$&�ก��R��������ก�� 
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Z�ก����%�กZB��]��]����
[�
��?"^��T?\T?	�&?
C�? p ��� � C�?]T&?D��MY��?%&���RZ�ก��

��ก����?D������ก!����ก	� �BC� "C�"���"����"�%&��, "C�"�����Z�ก���M�$& ��M�?, ก��ZB�

>�
??�������, "���\$&!$&ZB�Z�ก���C��"C� ��� ����Z�ก�����&�
��!^�?��R�?�]��]��� #� 

�]��]����
C��M���S!D��$"E�	��

��
ก
C�?ก
��M �
?
���?!$& 3 #� Z�?����D
 �$[D̂��MY�
��?

����ก��M��� 
�>�
??����%&�?D�กก��
��

[?� �CZ�>%[�!$&�C�?�ก�  �ก!$&D��M�$& ���
�
��$& �	�?

ก��ZB�>�
??��Z��
C����%��Z�S�>!$& 1 

 
:���5��� 3  �	�?M��	�!@�S�>R�?�]��]����
C����� 

 
  Change- Max  Startup  Current 

 Sensor Accuracy Ability Rate(Hz) Time(ms) (mA) 

Photoresistor [10] N/A 10% 2000 10 1.235 
I square C Temperature [12] 1K 0.20 K 2 500 0.150 
Barometric Pressure [25] 1.5 mbar 0.50% 28 35 0.010 
Barometric Pressure Temp [25] 0.8 K 0.24 K 28 35 0.010 
Humidity [18] 2% 3% 500 500-30000 0.775 
Themopile [35] 3 K 5% 2000 200 0.170 
Thermistor [35] 5 K 10% 2000 10 0.126 

 
  M� ".�. 2002 �$?����D
 �>%&�	�&?������� (Yang, 2002) #� ?����D
 �$[���ZB��]��]���


��D	��"E�S�>R�?�[^�Z�!���	�� ��%� Z��[^��%&� #� �]��]���D�!^�ก���
�"C� PH, "C�!�?�"�$ 

��� B$���! � �>%&��̂���
��D	��"E�S�>
C��M ��
กก��!$&ZB�"%�ก��ZB��]��]����MY�

��
�"C�
C�? 

p ����ZB���#"�"��#!��������MY�

�M�����A�����	C?	
KK��AC��"�%&���! E�M 
?S�"�
� �
?

S�>!$& 2 
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F����� 2  #"�?	���?ก����ก����?D�S�"ก��
��D	��"E�S�>R�?�[^�Z�!���	�� 
 

3.  �!"#�#� $	%&�	�����	� �>%&�
��D	ERS�> 
 

M� ".�. 2004 Z�M���!��
?ก�J�
[� �

��ก���	$ B$��
R�?M��B�ก���กก�C� 39 % 

	���
E�ก��D�กก���MY�#�"�
�ZD�����กก�C� 30 % R�?"��R�!$&�	$ B$��
กC��!$&D�\T?#�?> ���� 

DT?�$?����D
 !$&ZB��]���]���������	� Z�ก��
��D	ERS�>R�?"��R� (Lamont, 2004) #� 

�]��]���D�
��D�
�	
KK�� ECG (Electrocardiogram) ���	C?	
KK���M 
? PDA(Personal 

Digital Assistance) ]T&?
C�������$ก��>
}���>�&� �]��]���!$&ZB�Z�ก���
�!^�Z���$ก��
��D�C�?ก� 

������ก��� RT[��
?�	�?Z�S�>!$& 3 
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F����� 3  �]��]���
��D�
�DE�
C�? p ���C�?ก�  

 

Z�?����D
 R�? Guang-Zhong �
[�

��]��]���\�ก"��"E���� ��#"�"��#!���������� 

16 ��
 
��ก�� �!"]
	 ����� MSP430 	\�M_
 ก���S� Z���]$ ZB�>�
??��
&^�, 60 ก�#���
�

���B���#��$&, 2 ก�#���
����, 12 ��
 �������ก ��� 6 BC�?	
KK���������ก ]T&?�?D�D�\�ก

��ก���Z�����ก!$&	E� #"�?	���?R�?ก����ก����	�?Z�S�>!$& 4 #� "���ก���?��� ��R�?

������$R������ก�>$ ?������ 26 mm  

 

 

 

F����� 4  #"�?	���?ก����ก����?D�S�"ก��
��D�
�	ERS�>R�?"��R� 
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4. �!"#�#� $ก���
�"���B%[���� �!"#�#� $���	�  
 
 Z�M� 2006 �$?����D
 �ก$& �ก
�ก��ZB��]��]������	� �>%&�
��D�B�"	S�>S�����ก�� 

#� ZB�>%[�!$&�C�?�M�C��MY�DE�!���? (Buchanan, 2006) #� �EMก��������!$&ZB���ก����]��]������
	� �	�?�
?
C��M�$[ 
 

1) Processor ATMega128L (7.37 MHz, 8 bit) 
a. Program Memory 128 kB 
b. SRAM 4 kB 
c. External Connector 51 pin 
d. ADC 7 10 bit lines running 0-3V 
e. Other interfaces DIO, I2C, and 2 UART 

2) RF Transceiver A CC2420 chip running at 2.4 GHz with a max throughput of 
250 kbits/sec 

3) Flash Memory 512 kB 
4) Power 2 AA 
5) Humidity Sensor SHT15  

 
D�กก����D
 >��C�M_K��"�������!$&	�?RT[�D��$A�ก
�

��]��]����
�"���B%[� SHT15 

�
?�
[�DT?
��?�E��q���ก
�"��������>%&�M��?ก
�"�������!$&�ก��RT[� 

 
  Z�M� 2007 ����$?����D
 �ก$& �ก
�ก���
��E��S������"���B%[�Z�	�&?�������Z��R
!$&

�MY�>%[�!$&M����� (Taneja, 2007) #� ZB�>�
??��D�ก�]��	?��!�
 �R������ก 3.3 #��
� ���ZB���]$ 
SHT15 Z�ก���
�"���B%[�#� ����!^�?���MY��"�%�RC� #� ZB��]��]���ก��D� ก��
��D�
�
"���B%[�����E��S��� 	C?R����������ก
�!$&��� �ก��?D�ก�
[�	C?R������M�	�?A�������
� 
��
S�>!$& 5  
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F����� 5  #"�?	���?ก��!^�?����D
 	^���
��"�%�RC� ก��
��D�
�	S�>��ก�� 

 

���;�: Taneja (2007) 
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�PCก�8	�������ก�� 
 

�PCก�8	 
 

1. �EMก���!$&ZB�Z����� 
 

1.1 ก���?�����"� 

1.2 �"�%&�?#M��ก�� (nrf 6700) 

1.3 Computer Notebook (Core2Duo CPU T8100 @ 2.10 GHz, 1GB of RAM) 

1.4 A���������ก (Mamypoko Size L) 

1.5 q��� PE Foam 

1.6 	� �
�	� �� 
  

2. �EMก���Z�ก��
��D�
�"E�	��

����M��	�!@�S�>R�?B�[�?�� 
 

2.1  �"�%&�?�
��E��S��� (Boots) 
2.2  �"�%&�?�
�ก���	����� (Tektronix �EC�TM502A) 
2.3  �"�%&�?�
���?�
������ (Fluke �EC� 87V) 
2.4  	�M"
�
�������]��� (Hewlett-Packard 8563E 30-26.5 GHz) 
2.5  ��	]��#�	#"M (Tektronix TDS1002)  
2.6  \�� �
����
��[^� (Beaker 1000 ml) 

 

����ก�� 
 

Z�ก���̂�����?��#"�?ก����D
 D̂��MY�
��?��ก��������S�"	C?	
KK�����S�"�
�
	
KK�� ]T&?�$�
	�E�EMก���
C�?p ����กC ��]$
C�? p �AC�M���� ���ก���?�����"� ]T&?�� ����$ �R�?
�
	�E�EMก������ก����ก��� �$�
?�$[ 
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1) ก����ก��������������z�������� 
   

�������Z�?����D
 �$[M��ก����� S�"	C?	
KK��!$&\�ก
��� �C!$&

����ก ��� S�"�
�
	
KK���B%&��
C�� �C!$&"��>���
�����%&�S�"	C?	
KK��	C?R�����Z��ก
�S�"�
�	
KK��S�"�
�
	
KK��D�	C?R�����!$&����
��M 
?"��>���
��� "��>���
���D�!^�ก���ก��������R�����!$&�MY�
�E��S��� ��� "���B%[� D�ก�
[�D�!^�ก��\C� S�>�"�%&����� ��� "��>���
���D�	C?R�����!
[?���
RT[���M�]!�#� S�"�
� 1 

�D�	����\	�ก��
�ก��	C?R�����D�กS�"	C?��� 75 

�#� ZB����� 5 
����!$Z�ก���
�R�����"��!
[? 75 

�
��S�>!$& 6 

 

 
 

F����� 6  �	�?ก��!^�?�����R�?���� 
 

�����S�"	C?!$&ZB��
��E��S��� �������D�ZB���]$ NRF24LE1 
C�ก
��]��]���
��������� �EC� IR 9902 
��S�>!$& 7 #� �]��]��� !^�?��#� ก���M�$& ��M�?"C�"���
���!��
S� Z�
���E��S��� �����S�"	C?!$&ZB��
�"���B%[��
[��������D�ZB���]$ NRF24LE1 
C�ก
���]$
�
�"���B%[��EC� SHT15 
��S�>!$& 7 #� �]��]��� !^�?�������D�!
� 	C? ��� �
� R�����#� ZB�ก��
	%&�	����� I2C  
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F����� 7  �	�?ก���B%&��
C�����C�?�]��]���ก
���#"�"��#!�������!$&�����S�"	C?	
KK�� 
 

D�ก��MS�>!$& 8 �	�?ก����ก��������S�"�
�Z���������ZB���]$ NRF24LE1 
C�
ก
���]$�M�?	
KK�� !$!$����>%&�	C?R������R��"��>���
���AC��>���
 ���	�$#� ZB���]$����� 
FT232BM �>%&��M�?	
KK�� ��� 	%&�	��ก
�����C�? "��>���
���ก
���#"�"��#!�������ZB�
�

������ 250,000 ��

C�����!$ 
 

 

 

F����� 8  �	�?ก���B%&��
C���#"�"��#!�������ก
�"��>���
���!$&�����S�"�
� 
 

2) ก����ก����� �?D��������S�"	C?���S�"�
� 
 

ก����ก����� �?D�D�ZB�#M��ก�� Protel99 Z�ก����ก���( 	����!��������&?, 
2543, �
K��
 D���S�
�, 2544) ��%&�?D�ก#M��ก�� Protel99 �MY�]��!�����!$&ZB���ก����?D���
�����ก ��� ��D�!
� 	����\D̂���?(Simulation)ก��!^�?��R�?�?D����, ก��D̂���?	
KK��!�?



15 
 

 

�����, ก����ก����AC�M����(PCB), ก��	���?�EMก���, ก��D
��ก������!$&�MY�����$ �, ก���$"�C�%�
ZB�?��� C�?"��"�
� �MY�
�� PCB Layout �$"���	����\Z�ก��!^�?��	�?#� �q>��"E�	��

�
ก��!^� Auto Routing ]T&?�$"���q���Z�ก��	���?�� ?D� 	����\������ �?D����AC�M����!$&�$
�EMก���� �CD̂������ก����$ ��� ]��
�����R�? Protel99 �
[�	����\�����?C� 
��!��?
���!
&��M 
�����CZB�>%[�!$&Z�ก��
��

[?��ก�
ก #� ก����ก����?D��
[�A����D
 �����%�ก\T?"E�	��

��
?
C��M�$[ 

 
a. "E�	��

�����R���!$&
��?ก��Z�����ก!$&	E��!C�!$&D��MY��M���#� A����D
 �����%�กZB� 

�EMก��������ก����ก	�R������ก!$&	E��BC� ก����%�กZB� 

����$& ��̂� 

��ก��M��DE

�\
? 0402 !$&
��?	
&?
��D�ก
C�?M���!����	��
B�R������ก D�กก����%�กZB��
	�E�
?ก�C�� DT?!^�Z��������$R������ก 

b. "E�	��

�����ก��M��� 
�>�
??�� A����D
 ��%�กZB���]$!$&ZB�>�
??��
&^�����$
#���ก��M��� 
�>�
??��!$&!^�Z�������S�"	C?	
KK���$�� Eก��ZB�?�� ����� 

c. "E�	��

�����"���\$&R�?	
KK��]T&?A����D
 
��?��ก���

��	���ก�����!̂�ก�� 
!���?�>%&�Z��"���\$&!$&���
�?ก
�"���\$&!$&
��?ก������$M��	�!@�S�>	�?	E� 	C��!$&�MY��	���ก��
\�ก��ก���Z����C�$�� !�?��?� �C������#� ����	���ก����%&�?D�ก !�?��?D���ก��	
KK��
!^�Z���� �Z�ก���
�	C?	
KK�����? 

 
���&�
����� ก����ก��� Schematic 
����M!$& 9 ��� ��M!$& 10 D�ก�
[�!^�ก����ก���

�� �	��
���?D�!$&��ก������ D�����AC��?D�	^����D
��S�>!$& 11(ก) ��� 11(R) #� �����!$&\�ก
��ก����$R��� 1.3 
���?��[�ก��	
&?!^��AC��?D�>��>� �
[�!�?A��A��
�AC��?D�>��>�( ���J
!�$�$
��� D̂�ก
�) ���A��
�AC�!$&�$"������ 0.8 �������
� �MY�?�������� �	��	�?����	ก�$�	$�[^��?��!
[?
	�?���� 	C��������
�"���B%[� �
[� D��̂�������
��E��S�����M�
��
C?�� �	��
��S�>!$& 10 #� 
�M�$& �D�กก��ZB��]��]����
��E��S��� IR9902 ���MY���]$ SHT15 �!� ��%&�ก
��� !�?��?�	��D
�������D�!^�ก��M��ก���EMก����?���AC�M��[� �
C��%&�?D�กR�R�?��#"�"��#!�������� �C����
Z
�

�\
?!^�Z��ก��M��ก��D�
��?ZB��EMก���>���JZ�ก��M��ก��DT?Z�����J
!�$�$��� D̂�ก
��MY�A��
M��ก�� 
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F����� 9  ก����ก����?D�������]��]����
��E��S��� 
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F����� 10  ก����ก���?D�������]��]����
�"���B%[� 

 
��%&�M��ก���	��D
��S�>!$& 12 A����D
 ZB� q��� PE Foam �̂����E��!$&

������

�]��]����>%&�ก
���CZ��ก���	�����B���
ก
�

����ก��%�A���������ก D�ก�
[�!^�ก��!�	������
"���\$&���ก^��
?�����R�?	
KK��	C?#� ก��ZB��"�%&�?	�M"
�
�������]���
��D�
� ��%&�"���\$&
!$&�����C
�?ก
�"���\$& 2.4 GH ����Z��!^�ก���M�$& �"C� L2 ��� C8 D�ก�
[�!^�ก��M�
�ก^��
?�����
Z�ก��	C?#� ก��M�
�"C� L1 �>%&�Z�����ก^��
?	C?	�?	E� 
̂����C?R�?ก��M�
�"C�
��S�>!$& 13 
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(ก)                                                                 (R)                     

 

F����� 11  (ก)�����S�"	C?	
KK��!$&ZB��
��E��S��������� ��� (R)�����S�"	C?	
KK��!$&ZB��
�
�E��S��������C�? 

 

                 
(ก)                                                                    (R)  

 
F����� 12  (ก) �����S�"	C?	
KK��!$&ZB��
��E��S���������>����ZB�?�� ��� (R) �����S�"	C?

	
KK��!$&ZB��
��E��S��������C�?>����ZB�?�� 
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F����� 13  �	�?	C��R�?ก��M�
�	
KK���?D������ 
 

D�ก�
[���ก����?D������S�"�
�
��S�>!$& 14 �������M��ก�����  �?D�
��#"�"��#!������� 2 BE� ��� �?D��M�?	
KK�� 232 �MY� USB �>%&�	C?R������R��"��>���
��� 
�������ZB�����$[ ? 5 #��
�D�ก USB >���
 �$�� LED �	�?	\����
�	C?R����� ��%&���ก���
�	��DD����������
?S�>!$& 15 ��� 16 �$ R��� 16.5 
���?��[���� 0.8 �������
� �MY�?��ก
��� �	��
	�?����	ก�$�	$�R$ �!
[?	�?���� 	C��!$&�MY��	���ก��\�ก��ก���Z����C�$�� !�?��?�R��Zก��
��%&�?D�ก !�?��?D���ก��	
KK��!^�Z���� �Z�ก��	C?���? ก��ก
��� �?D�!^�!$&���J
!�$�$
��� D̂�ก
� #� ��������$��#"�"��#!������� 2 

��>%&�BC� ก
��
�R�����D�!^�Z��ก���
�R�����
�������RT[� #� �

��ก��	C?R���������C�? ��#"�"��#!�������ก
�"��>���
���"%� 250,000 ��


C�����!$ 
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F����� 14  ก����ก����?D������

��
�	
KK��
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F����� 15  �����S�"�
�	
KK�� 
 

 
 

F����� 16  �����S�"�
�	
KK��>����ZB�?�� 
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3) #�#"�"��#!������� nRF24LE1 
 

S�"	C?	
KK��Z������������ก���ก��������
[�D�
��?�$R������ก�>%&�
��!$&

����ก!^�
Z���$"���	���กZ�ก��
��

[? ���ก��C�ก��"����̂�"�K ��� 
��?M��� 
�>�
??��#� "E�	��

�!$&
�ก$& �R��?ก
�?����D
 "%� 

 
a. �$"E�	��

�ก���
�	C?	
KK��"���\$&��! ES� Z���]$ 
b. ZB�>�
??�������
&^�����$#���M��� 
�>�
??�� 
c. �$R������ก 
d. �$��"���C�>? 
e. �$ I/O � C�?���  5 I/O 
f. �$ ADC � C�?���  10 ��
 2 BC�? 
 
!
[?�$[	C��M��ก����
กR�?��]$ nRF24LE1 �
?�	�?Z�S�>!$& 17 M��ก���M���  

	C��"��"E�ก��!^�?��R�?S�"�
�-	C?	
KK����! E (RF Transceiver) ]T&?�MY�	C���
����	C?
	
KK��"�%&���! E"���\$& 2.4 GHz 	C��!$&�MY� ���>E
 ���!�>E
 R�?��]$ ( I/O pins) 	C��ก���
�"C�
�������ก (ADC ) �>%&��M�?	
KK��������ก�MY�	
KK����D�!
� ��� �$	C��ก���M�$ ��!$ �
	
KK�� (Comparator ) !^�����!$&�M�$ ��!$ ���?�
� !$&� �CZ�	C��\
��� �
&�"%� 	C��"��"E�
>�
??������� (Power Management) \��>�
??�������R�?���C?DC� �$"C���� ก�C�"C�>�
??��
!^�?��
&^�	E� (Minimum Operating Power) R�?��]$ "%� 1.9 #��
��
?�	�?Z�S�>!$& 20 ����D�
� E�ก��!^�?�� ���	C��	E�!�� R�?��]$"%� 	C����C� "���D̂� (Memory) ]T&?��D�MY���� ROM 
��%� EEPROM !$&�$����!$&�ก��R�����
C�? p��%��ก��R�����ก��	%&�	������C�?ก��!^�?��!
[?�$[
"E��
กJ��
C�?pR�?��]$����AC��?D� D��MY�

��M�!$&
��?ZB�Z�ก����ก���	� ��ก���>%&�Z��
���"C�	
KK��!$&"���\$& 2.4 GHz �����C�$"���\$&z���#���ก!$& 2 (7.2 GHz)��� z���#���ก!$& 3 (12 
GHz) �ก��RT[� 
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F����� 17  #"�?	���?S� Z���]$R�? nRF24LE1E 
 
���;�: Nordic (2008) 
 

	^���
�R�����R�?��]$ nRF24LE1 !$&ZB�ก
������S�"	C?	
KK�����S�"�
�	
KK��
]T&?�$"E�	��

�
��
���?!$& 4 #� ก��#M��ก���?Z���]$�
[�A����D
 ����R$ �#M��ก����� S�J�]$
��� #M��ก�� keil V. 3.0 ���#M��ก��AC������� nRFgoStarterKit (nRF6700) 

 

 
 

F����� 18  �����#M��ก�� nRF6700 
 
���;�: Nordic (2008) 
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 #� �����#M��ก��ZB�>�
??�������D�ก"��>���
���AC��  ���	�$>���
��M�C�?R�?

�����#M��ก���	�?
��S�>!$& 18 

 

:���5��� 4  �	�?"E�	��

�R�?#�#"�"��#!������� nRF24LE1 

 

 nRF24LE1  

Standards              Intel MCS 51 compliant instruction set  

Frequency Band 2.4GHz  

Temperature Range -40 � 85 °C  

Power Supply 1.9 - 3.3 V   

program memory (flash) 16kB  

ADC 6,8,10 or 12 bit  

 
���;�: Nordic (2008) 
 

D�กก��>�D����"E�	��

��
?!$&����	�?Z�
���?!$& 4 	^���
���]$ nRF24LE1 ����$ก��
���E"C� 
C�? p !$&D̂��MY�
��?ZB�Z�?����D
 �$[� C�?"��\��� �$ก!
[?��M�
กJ��S� ��กR�? nRF24LE1 
(�	�?Z�S�>!$& 19) �$"��������	�ก
�ก����ก����?D������S�"	C?	
KK��Z�#"�?ก����D
 �$[ 
�>����$R����>$ ? 25 
���?�������
� �
?�
[�DT?	����\	�EM����C���]$ nRF24LE1 �$"���
�����	�!$&D��̂���ZB�Z�ก��!^�?����D
 �$[ 
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F����� 19  �	�?#"�?	���?S� ��กR�?��]$ nRF24LE1E R��� 5 x 5 �������
� 

 

���;�: Nordic (2008) 
 

 
 

F����� 20  �	�?BC�?��?�
������!$&��]$ nRF24LE1E !^�?�����BC�?��?�
������!$&��]$ nRF24LE1E 

�$�]
 
 
���;�: Nordic (2008) 
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4) ��]$�
��E��S��� IR9902 
 

    SMTIR9902 �MY�����������]��]����
��E��S���R�?���J
!	��!�!�" #� �]��]���
	����\�
��E��S���#� !$&��C
��?	
�A
	ก
�	�&?!$&
��?ก���
� �]��]���D��M�$& �"C�"���
���!��
S� Z�
��ก���M�$& ��M�?R�?�E��S��� #� 	�ก��!$&ZB�"%�  

 
2 4 6

0( ) (1 )R T R aT bT cT dT= × + + + +                  (1) 
 

   #�  R0= "���
���!��!$&�E��S��� 0°C = 876.20 Ω 
   T = �E��S��� (°C) 
   a = 5.485x10-3 
   b = 6.650x10-6  
   c = 2.805x10-11  
   d = 2.000x10-17 

 
BC�?R�?ก���
��E��S���R�?�]��]���� �C!$& -40 �100°C �]��]����$#"�?	���?�
?S�>!$& 21 
 

 
 

F����� 21  �	�?R��� ��� #"�?	���?S� ��กR�?�]��]��� IR9902 

 

���;�: Sensirion (2004) 
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5) ��]$�
�"���B%[� SHT15 

 

D�ก"E�	��

�
��
���?!$& 5 (E. Payne, 2004) A����D
 �����%�กZB���]$ SHT15 �MY�

�]��]����
�"���B%[� SHT15 �MY���]$!$&	����\�
�"���B%[�����
��E��S������ "�������$ �	�? 

(Han, 2007) ก��	%&�	��R�����R�?��]$ZB�ก��	%&�	�����   I 2C ZB�	� 	
KK�� 2 �	�� #� !
[?ก��

�C���E�S��� ��� "���B%[��
[��$"�������$ �Z�ก���C��"C� 14 ��
 

�\
?��]$�MY���� Surface-

mountable 
����M!$& 22 BC�?����$[ ?��]$ 2.4 � 5.5 #��
� BC�?�E��S���!$&�
����"%� -40 � 123.8 °C 

BC�?"���B%[�!$&�
����"%� 0-100 %RH ��]$�$�
กJ��S� ��ก�
?S�>!$& 22 ��]$ZB���?�
� 3 - 5 

#��
�Z�ก��!^�?�� #� 	�ก��!$&ZB�Z�ก����"���B%[�!$&"�������$ � 12 ��
 "%� 

 

                (2) 

 

#�     

          

       

 

                          (3)  

 

#�    

 

:���5��� 5  �M�$ ��!$ �"E�	��

��]��]��� SHT11 ��� SHT15 

 

Model RH Range T Range RH accuracy T accuracy 
SHT11 0-100%RH 40 to 120ºC ±3.5%RH ±0.5ºC 25ºC 
SHT15 0-100%RH 40 to 120ºC ±2 %RH ±0.4ºC 5-40ºC 
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F����� 22  �
กJ��R�?��]$ SHT15 
 
���;�: Sensiron (2008) 

 

6) ก��
��

[?�]��]����
�"���B%[�!$&A������ 
 
       ก��
��

[?�]��]����
�"���B%[�!$&A���������กD̂��MY�
��?ZB�"������
����
?Z�ก��
��

[? 

��%&�?D�ก
̂����C?Z�ก��
��

[?D�
��?�����	� ��CB%[��ก���M�>���D�!^�Z��������]��]���
�	$ ��  �����C���?�ก���M D���%&����ก\C� M_	�������]��]�����C	����\
��DD
����DT?
��?��

̂����C?!$&�����	� Z�!$&�$[��%�กZB�A���������ก  $&������$&#M��#ก�R������ ���&�
��ZB��$�ก�$���? 
p !$&������
?R�?A���������กZ�����"��� ��M����� 1.5 ��[� 
��S�>!$& 23 D�ก�
[��M��	��
B�!$&

�
������]��]����
�"���B%[�����!^�ก���B�"!$&����D�"��>���
����C�R�����"���B%[�\�ก	C?�� 
?
"��>���
�����%���C \��R�����"���B%[�\�ก	C?�� 
?"��>���
�������Z��!^�ก��Z	C�]��]����R���M!$&
�� ก�$�
����M!$& 24 ����!^�ก��M���!Mก���>%&���CZ���]��]�����E���ก��S� ��ก �MY��
��	��D
	������
����M!$& 25 

 

 
 

F����� 23  �	�?ก��ZB��$�ก�$�!$&������
?R�?A���������ก 
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F����� 24  �	�?ก��Z	C�]��]����R���M!$&�� ก�$� 
 

 
 

F����� 25  �	�?ก��Z	C

��]��]���!$&�	��D	������ 
 

7) �	�?ก��
��

[?�]��]����
��E��S���!$&R���%����ก 
 

        ก��
��

[?�]��]����
��E��S���!$&R���%����ก�
[�A����D
 �����ก���Z���]��]���
��ก
�
	� �
�	� ��
��S�>!$& 27 ]T&?������T&?D��MY� ��?�[^���&� �$ก����D��MY�	� @����� ���D�
��
����!$&�MY���?�[^�
���R��!$&R���%����ก �>������กD���C��"� �"%�? 	� 	����\AC��Z������ ��%� �T?
Z����C�RT[����
��S�>!$& 26 
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F����� 26  �	�?	� �
�!$&
���]��]����
��E��S��� 

 
F����� 27  �	�?	� �
�	� ��!$&ZB�!^�	� R�?�]��]��� 
 

8) ก����ก��������������]��
����� 

 

  ]��
�����!$&ZB�D���C?�MY�]��
�������z�����������]��
��������"�%&�?"��>���
��� 
 

1) ]��
�������z�������� 
 

         ]��
�������z���������
[�ZB�#M��ก�� keil �����B
� 3.0 �R$ �#M��ก����� 
S�J�]$ (@$��
}�� M��ก��A�, 2546)	����\#M��ก���?����]$ nRF24LE1���#� AC��"�����"
�
���!$&� �C������� �
�ก���@T�!$&ZB�Z������S�"	C?���S�"�
� �����D�กS�>!$& 29 #� ]��
�����
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��z����������C?����MY� 3 	C��"%�	C���
��E��S��� 	C��!$&ZB��
�"���B%[� ��� 	C��!$&�MY�

��
�
	
KK��D�ก

�������]��]�������	C?R������M 
?"��>���
��� 

 
a. ]��
�������z��������!$&ZB��
��E��S��� 

 

#M��ก��D�!^�ก���C��"C��������ก�MY���D�!
�D�ก�]��]����
��E��S���#� 
"C�!$&���� �CZ�BC�? 0-4095 D�ก�
[�!^�ก���M�?"C���D�!
��MY� 4 ��
� ���!^�ก��	C?"C�!$&����M 
?

��
�
	
KK�� ��%&�	C?	
KK���M 
?

��
�������]$D��R��	�C#���M��� 
�>�
??��D�ก�
[���%&�����"�� 
60 ����!$��]$D�!^�ก�����&�
���C��"C��������ก�MY���D�!
�D�ก�]��]����
��E��S���Z��C�$ก"�
[?��T&? 
������$[�M��%&�  p #M�#
"��!$&ZB�Z�ก��	C?R���������C�?�����

�	C?	
KK�����

��
�
	
KK��"%� 

 
�am � Byte1 � Byte2 � Byte3 � Byte4 

 
�am = ��
�!$&ZB�	^���
����&�ก��	C?R������E��S��� 
Byte1-4 = "C���
	��	ก$R�?

���R 0 - 9 
 


�� C�?!$& 1 "C���D�!
�!$&�
����"%� 850 #M�#
"��!$&ZB�Z�ก��	C?"%� 
 

�am � �0m� �8m � �5m � �0m 
 


�� C�?!$& 2 "C���D�!
�!$&�
����"%� 1200 #M�#
"��!$&ZB�Z�ก��	C?"%� 
 

�am � �1m� �2m � �0m � �0m 
 
 
b. ]��
�������z��������!$&ZB��
�"���B%[� 

 
#M��ก��D�!^�ก���C��"C���D�!
�D�ก�]��]����
�"���B%[�#� 	%&�	����� ก��

	C?R�������� I2C #� "C�!$&���D��MY�"C���D�!
� 0 � 99 ���D�!^�ก���M�?��R��D�!
� � ก��ก�MY� 2 
��
� ���!^�ก��	C?"C�!$&����M 
?

��
�	
KK�� ZB�	�ก��!$& 2 ��� 3 Z�ก��"^������"���B%[���%&�
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	C?	
KK���M 
?

��
�������]$D��R��	�C#���M��� 
�>�
??��D�ก�
[���%&�����"�� 60 ����!$��]$
D�!^�ก�����&�
���C��"C�D�ก�]��]����
�"���B%[�Z��C�$ก"�
[?��T&? ������$[�M��%&�  p #� 
#M�#
"��!$&ZB�Z�ก��	C?R���������C�?�����

�	C?	
KK�����

��
�	
KK��"%� 

 

�bm � Byte1 � Byte2 
 
�bm = ��
�!$&ZB�	^���
����&�ก��	C?R�����"���B%[� 

                       Byte1-2 = "C���
	��	ก$R�?

���R 0 - 9 
 
        

�� C�?!$& 1 "C�"���B%[� 56%RH #M�#
"��!$&ZB�Z�ก��	C?"%� 

 
�bm � �5m� �6m 

 
     

�� C�?!$& 2 "C�"���B%[� 85%RH #M�#
"��!$&ZB�Z�ก��	C?"%� 

 

�bm � �8m� �5m 
 

c. ]��
�������z��������!$&ZB��MY�

��
�	
KK��D�ก

�	C?	^KK������	C?
R�����
C��M 
?"��>���
��� 
 

#M��ก��D�!^�ก���
�"C��E��S������"���B%[�D�ก

�	C?	
KK�����

�
	C?	
KK��D�!^�ก��	C?R�����!$&����
�
C��M 
?"��>���
���!
�!$D�ก�
[�D�ก�
������
�"C�D�ก

�
	C?	
KK���$ก"�
[?������$[�M��%&�  p #� R
[���ก���D�!^�ก��#M��ก��!$&���	���?RT[�#M��ก��
�?�������

��
�	
KK��]T&?Z�ก��!���?D�ZB��

��"�������Z�ก��	C?Z��"��>���
��� 9600 ��


C�����!$ D�ก�
[��M��#M��ก���z�M����!����
�

[?"C�(Start Menu�All Program�Accessories 
�communications�HyperTerminal) �

������ 9600 ��

C�����!$ 
C�	�  ���	�$

��
��R��ก
�
"��>���
���D�ก�
[��M��

�	C?	
KK��!$&�MY�

��
��E��S������

��
�"���B%[�D����S�>�
?��M!$& 28 
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          (ก)                                                      (R) 

 
F����� 28  ก) �	�?#M��ก���z�M����!������
�R��
C�ก
�

��
�	
KK�� ��%&�����AC���M 1 ��!$ 
    R) �	�?#M��ก���z�M����!������
�R��
C�ก
�

��
�	
KK�� ��%&�����AC���M 5 ��!$ 
 

 
 

F����� 29  �	�?A
??��ก���R$ �#M��ก��"��"E�z��������S�"	C? ��� S�"�
� 
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2) ]��
��������"�%&�?"��>���
��� 
 

                   ก���R$ �]��
�������>>���"B
&����"�%&�?"��>���
����
[�ZB�#M��ก�� Visual 

Basic 6.0 �R$ �#M��ก����� S�J���	�ก (B
 �
}�� !�$D
�!��, 2537) �R$ �#M��ก��Z���
�R����� 
D�กS�"�
� ����!^�ก���	�?A�R�����!
[?��� ���!
[?S�>!$&���D�กก���?�����"� �	�?������
�����]���
��A
??��S�>!$& 34 ����	�?S�>R�?����D�"��>���
���Z�S�>!$& 35 #� #M��ก��
M��ก����� 	C��R�?ก���	�?"C��E��S��� "���B%[� ��� S�>���ก ก���R$ �#M��ก���$[A���R$ ����
�R$ �#M��ก����C?��ก�MY� 3 	C�� "%� 	C��R�?ก��D
�S�>D�กก���?�����"� 	C��R�?ก��
�B%&��
C�ก
�>���
��Eก�� ��� 	C��!$&ZB�Z�ก���	�?"C������������]��� #� �"�%&�?"��>���
���

R�?A���R������D�
��?�?#M��ก�� Visual Basic 6.0 �>%&�D����	����\�M������R�?�������  
 

a. R
[�
��ก���R$ �#M��ก��D
�S�>�����"� 
 
Z�ก���R$ �#M��ก��D
�S�>�����%[�?
�� A����D
 D���C?��ก�MY� 3 R
[�
��"%� 
 

I. 	���? Capture window ��� ก��ZB��_?"�B
� capCreateCaptureWindow 
II. 	C?��	�	DD�ก windows Z��ก
� Capture window �>%&�
��
C�ก
�����������(����

�"�)���ก���M��S�>�M�ก��Z�"��M����� 
III. �̂�S�>D�ก"��M������M�	�?Z� Picture Box 

 
b. R
[�
��ก���R$ �#M��ก���B%&��
C�ก
�>���
��Eก�� 
 

 Z�ก���R$ �#M��ก���B%&��
C�ก
�>���
��Eก��#M��ก��D�
��?ZB�"��#>����!� 
Microsoft Comm Control 6.0 ]T&?�$��@$ก���>�&�"��#!�� Microsoft Comm Control "%� 
 

I. "��กR��!$&!�����กB�R�? Visual Basic ��%�ก Components 
II. ��%�ก!$&"��#>����!� Microsoft Comm Control 6.0 �
?�	�?Z�S�>!$& 30 (R) 

III. D����"��#>����!� MSComm ��M#!��
>!���!�����กB� �
?�	�?Z�S�>!$& 
30 (ก) "��#!�� MSComm D��$����!$&��
�t����
ก p 	^���
�ก��	%&�	��AC��>���
��Eก�� "%�

��D	��ก���R����R�?R����� 
?>���
��Eก��#� �

#��

� ��� 	C?����
�R�����
��!$&ก^����
D�ก#M��ก���M 
?>���
��Eก�� 
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c. R
[�
��ก���R$ �#M��ก���>%&��	�?"C������������]��� 
 

���D�	���?#M��Dก
�B��� ActiveX Document Exe 	^���
�ก���
�#M��ก���	�? 
�����"������������]��� Internet Explorer �$R
[�
���
?�$[ 

I. �M��#M��ก�� Visual basic 6.0 �����%�ก#M��D�ก
�B��� ActiveX Document 
Exe 

II. D������ ก��R�?#M��D�ก
�B��� ActiveX Document �
?�	�?Z�S�>!$&  
III. �>�&� Command button, Picture, Timer, Text box, Label, MSComm 
IV. ก^����R���R�?�����Z���$"���ก���? = 4800 ���"���	�? = 4200 ��ก�������
� 

#M��ก���
?�	�?Z�S�>!$& 31 
V. �R$ �#M��ก��
��!$&� �CZ�S�"A��"�
�R��#M��ก�� Visual Basic 6 	���?

��>���"B
&� 

 

 

 

 

 

 

 

 

 

 

 

 

(ก)                                                           (R) 

 

F����� 30  (ก) "��#>����!� MSComm ��M#!��
>!� (R) S�>ก����%�ก Microsoft Comm Control 
6.0 
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F����� 31  ����D�#M��ก����%&���?"��#>����!�
C�? p �?�������#M��D" 

 
d. ก���̂�#M��D"�$[�M!�	��Z�"��>���
����"�%&�?�%&���%�AC��!�?����!������ 

 
I. 	���? Package Z����%�ก"��ก!$& Package & Deployment Wizard D�ก���� Start 

�
?�	�?Z�S�>!$& 33 
II. ��%�ก#M��D�ก
�!$&
��?ก��!^� Package D�ก�
[�Z��ก�ME�� WPackageX 

III. D�ก�
[�Z����%�ก Package Type �MY� internet Package 
IV. !^�
��R
[�
��R�? Wizard Z���	��DD���� Package !$&�$���� HTML \�ก	���?

�����  �
?�	�?Z�S�>!$& 32 ]T&?���	����\�
�#M��D"#� 
�?D�ก���� *.HTML ��%�	����\�
�
���"�%&�?�%&�#� ก��
��

[?���� Project1.cab กC��ก���
�#M��D�ก
�!
[?�$[�"�%&�?R�?A���M��#M��ก��

��?�?#M��ก�� Visual basic ���  (http://support.microsoft.com/kb/168428) 
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F����� 32  R�����S� Z� Package R�?#M��D�ก
�B��� ActiveX Document 
 

 
 

F����� 33  ก��	���? Package 
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F����� 34   �	�?A
??��R�?ก��!^�?��R�?#M��ก�����"�%&�?"��>���
��� 
 

 
 

F����� 35  �	�?#M��ก���������]
� ��� 
̂����C?ก��
��

[?�]��]��� 
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H������I��8	 
 

H� 
 

ก��!�	��ก��M�
�"C�"���\$&R�?	
KK��Z���$"E�S�>�$!$&	E�#�  ���&�
��A����D
 ���
��ก����AC��?D�>��>�#� Z��	C��!$&�MY��	���ก��!
[?S�"�
����S�"	C?�$"������ 4 mm 
D�ก�
[�!^�ก��M��ก�����M�
�"C�

����$& ��̂� ��� "C�"���DE�����R�?�?D���������]��]���

����MS�>!$& 13 �>%&�Z�����"�����?R�?	
KK��	�?	E� ���Z�����z���#���ก!$& 2 ��� 3 
&^�!$&	E�#� 
ZB� 	�M"
�
�������]���Z�ก���
�	
KK�� "C�!$&�����	�"%� L1 = 3.3 nH, L2 = 2.7 nH, L3=5.8 
nH, C8 = 1.2 pF, C9 = 1pF, C10 = 2.2 pF #� "�����?Z�ก��	C?	
KK���!C�ก
� -8 dbm ���z���
#���ก	�!$& 2 �!C�ก
� -48 dbm ���z���#���ก	�!$&3 �!C�ก
� -30.3 dbm >��C� z���#���ก	�!$& 2 ��� z���
#���ก	�!$& 3 �$��ก�ก���M"�%&�	
KK��D�ก�]��]�����D�M��ก���EMก���������%&� p ��� D�ก�
[�
A����D
 DT?�M�$& �"������R�?�	���ก��Z�
̂����C?!$&�	�?Z�S�>!$& 36 Z�����"���ก���? 3 mm 
D�ก�
[�!^�ก��M��ก�����M�
�"C�

����$& ��̂� ��� "C�"���DE�����R�?�?D���������]��]���

����MS�>!$& 13 �>%&�Z�����"�����?R�?	
KK��	�?	E� ���Z�����z���#���ก!$& 2 ��� 3 
&^�!$&	E�#� 
ZB� 	�M"
�
�������]���Z�ก���
�	
KK�� "C�!$&�����	�"%� L1 = 4.3 nH, L2 = 4.7 nH, L3=6.8 
nH, C8 = 1.5 pF, C9 = 1pF, C10 = 2.2 pF #� "�����?Z�ก��	C?	
KK���!C�ก
� -8 dbm ���z���
#���ก	�!$&2 �!C�ก
� -58 dbm ���z���#���ก	�!$&3 �!C�ก
� -60.3 dbm ]T&?�MY�"C�!$& ���
���� D�ก�
[�
A����D
 ���!�	���� ��C�?R�?ก��	C?	
KK������C�?S�"	C?���S�"�
�#� !^�ก��!���?Z�!$&
#�C?�
��� �!�?��� 80 ��
� D�กก��!���?>��C�#���D��MY�	���
E��
ก!$&!^�Z���$ก����ก��
	
KK�� �BC� ก��Z	CS�"�
���%�S�"	C?Z��
	�E!$&�MY�#�����%�ก����?S�"	C?��%�S�"�
������
�
	�E!$&�MY�#��� D�!^�Z���� �Z�ก���
�	C?R��������?��ก 
 

 
 

F����� 36  �	�?
̂����C?Z�ก��M�
�R����	���ก�� 
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:���5��� 6  A�ก���
�	
KK����%&�M�
�"C�

����$& ��̂� L2 ��� 

��ก��M��DE C8 
 

�	���ก�� "C�R�?�EMก��� A�ก���
�	
KK�� [dBm] 
(Ghz) L2 C8 1.hram 2.hram 3.hram 

2.4 4.7nH 1.5pF -9 -58 -60.33 
5 4.7nH 1.5pF -13.1 -52 -58 

2.4 3.9nH 1.5pF -7.8 -57 -62 
5 3.9nH 1.5pF -11.67 -59.6 -57 

2.4 3.9nH 1pF -8.33 -57.17 -62.67 
5 3.9nH 1pF -11.83 -59.83 -62.83 

2.4 3.9nH 1.8pF -8.33 -59 -62.3 
5 3.9nH 1.8pF -12.33 -62.5 -54.67 

2.4 3.9nH 2.2pF -8.33 -59.5 -62.33 
5 3.9nH 2.2pF -12.67 -62.67 -52.33 

 
:���5��� 7  A�ก���
�	
KK����%&�M�
�"C�

����$& ��̂� L1  
 

L1(nH) 6.2 5.6 5.1 4.7 4.3 3.9         

dBm -10.5 -9.6 -9.1 -8.3 -8 -9.1         

 
!�	��ก��!^�?��R�?�]��]����
��E��S��� #� ก��
���]��]����
��E��S���!$&	C��
C�? p  

R�?���ก(Scanlon, 2004) �����!$ �"C�!$&���ก
��"�%&�?�
��E��S���R�?Boots ]T&?ZB��MY��"�%&�?�
�
�E��S�����
�t��	^���
�?����D
 �$[ #� A�ก��!���?!$&����MY��M
��
���?!$& 8 D�กA�ก��
!���?>��C����"C�Zก���"$ ?ก
�ก
��EMก������	� !$&!^�RT[� �"�%&�?�
��E��S������	� !$&!^�RT[�D�ZB�
����Z�ก���
��>%&�Z�����"C�"?!$&M����� 10-30 ����!$ 
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:���5��� 8  �	�?ก���M�$ ��!$ ��"�%&�?�%��
��E��S��� 
 


̂����C? �"�%&�?�
��E��S��� �"�%&�?�
��E��S��� 
 ก��
��D�
� ���	� !$&!^�RT[�(˚C ) ��
�t��(˚C ) 

����A�ก 37.0 36.6 

R���%� 36.0 36.4 


���R� 36.0 36.1 

!$&"� 37.0 36.8 
 

!�	��ก��!^�?��R�?�]��]����
�"���B%[� #� ก��
���]��]����
�"���B%[� !$&A������
R�?���ก���A�ก��!���?
��
���?!$& 9 D�กA�ก��!���?>��C���%&��$"���B%[��ก��RT[�!$&A���������ก
����D�	����\
��D�
�����	�?"C�"���B%[�!$&�ก��RT[���� 
 

:���5��� 9  �	�?"���B%[���%&��!�[^��?��A���������ก 
 

M������[^� �� ����� "���B%[�  
(ml) (��!$) (% RH) 

0 15 56 
100 15 77 
100 30 83 
100 45 87 
100 60 89 
100 75 92 

 
!�	��ก��!^�?��R�?�]��]����
��E��S���#� ZB��]��]������	� !$&!^�RT[��
�"C��E��S���!$&


̂����C?
C�? p ก
�"%� ����A�ก R���%� �R� ���"� #� �
C��
̂����C?!^�ก���
��� ��C�?����C�?


��]��]���ก
�A����
?!$&�� �
C�?p ����!^�ก���
�!Tก���A�
��
���?!$& 10 D�กA�ก��!���?	�EM
����C��� �!$&�$!$&	E�Z�ก��
��

[? "%��� ��C�?����C�?�]��]���ก
�A����
?��C"���ก�� 3 �������
� 
"C�!$&���D�Zก���"$ ?�"�%&�?�%��
���
�t��
��
���?!$& 10 
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:���5��� 10  �	�?A�ก��!�	���
��E��S���!$&�� �
C�? pR�?	C��
C�? p R�?�C�?ก�  
 

  1mm 2mm 3mm 4mm 5mm 6mm 7mm 
����A�ก 37.0 ˚C 37.0 ˚C 37.0 ˚C 36.0 ˚C 34.0 ˚C 33.0 ˚C 33.0 ˚C 

R���%� 36.0 ˚C 36.0 ˚C 36.0 ˚C 34.0 ˚C 34.0 ˚C 33.0 ˚C 33.0 ˚C 
�R� 36.0 ˚C 36.0 ˚C 36.0 ˚C 34.0 ˚C 34.0 ˚C 33.0 ˚C 33.0 ˚C 
"� 37.0 ˚C 37.0 ˚C 37.0 ˚C 34.0 ˚C 34.0 ˚C 33.0 ˚C 33.0 ˚C 

 

A�ก���
���?�
������R����
�
��$&�
���
���� 3.2 #��
� A�ก���
�ก���	�����R�?
������]��]���R��!^�?���
���� 4 ��������M� R��� �CZ�#���M��� 
�>�
??���
���� 1 ��#"�
���M� ��� R��	C?	
KK���
���� 7 ��������M� D�กก��!���?Z��������]��]���	C?	
KK��!Eก p 
1 ��!$ �
C��C�$ก���R��	�C#���M��� 
�>�
??��>��C���
�
��$&D����Z� 2 �
� \��	C?	
KK������
�R��	�C#���M��� 
�>�
??��!
�!$>��C��� Eก��ZB�?����กก�C� 1 ��%�� #� ��
�
��$&!$&ZB��MY��EC� 
CR2032 lithium 3v 220 mah 

 
!�	��ก��ZB�����Z�ก���
�	C?R���������C�?S�"	C?	
KK�����S�"�
�	
KK�����&���ก

A����D
 ��ก��������S�"�
�	
KK��Z���$

���]$ nRF24LE1 �>$ ? 1 

�D�ก�
[�!^�ก��D
�����Z�
ก��	C?R�����#� Z��ก��	C?	
KK��	C?	
KK��>����ก
� 150 �"�%&�?#� ��A�ก��!���?D�ก
"��>���
���>��C�ZB�����Z�ก���
�R�����!
[?��� 5 ����!$ D�ก�
[���ก��������S�"�
�	
KK��
Z��C#� Z���$��]$ nRF24LE1 2 

� DT?!^�Z��ก���
�	C?R���������RT[��MY� 2 �!C�#� S�"	C?	
KK�� 
150 S�" 	C?	
KK���R��S�"�
�#� !^�ก��	C?	
KK��>����ก
� S�"�
�	
KK��D��
�R��������
"��!
[?���Z����� 2.5 ����!$  
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��I��8	 

 
 D�กก���TกJ�!���?ก����ก����?D���������]��]������	� �>%&�!^�ก���C��"C�
�]��]������	C?	
KK���� ��ก��>%&�
��D�
�	ERS�>���ก���ก�����!��
[� R���R�?������$
R��� 10.24 
���?�]�
���
� #� ��
�
��$&!$&

�������]��]���	����\ZB�?��������ก�C� 30 �
�
��%&�?D�ก�?D����\�ก��ก���Z��M��� 
�>�
??������� ก��!���?���!^�ก��M�
�"C��	���ก��
#� ก��M�
�R���"������R�?�� �	��!�?��?!$&ZB�!^��	���ก�� M�
�"C�

���$& ��̂� ��� 

�
�ก��M��DE

��]��]����>%&�Z�����ก^��
?	C?	�?!$&	E�#� "C�ก^��
?	C?!$&���"%� -8.33 dBm !$&"���\$& 2.4 
GHz ���ก^��
?	C? -59 dBm !$&"���\$& 7.2 GHz ������ก^��
?	C? -62.3 dBm !$&"���\$& 12GHz #� 
�� �!�?����C�?

�	C?���

��
�!$&!�	������
[�"%� 80 ��
����	����\	C?R���������C�?

�	C?
���

��
�AC��ก^��>?M����� D�กA�ก��!���?>��C� "���"����"�%&��R�?ก���
�	C?	
KK���
[�
	�&?!$&�$A�
C�ก��	C?	
KK��"%�"���DER�?��
�
��$& �&?�$"���DE��ก �� �Z�ก���
�	C?R�����D�
��กRT[� ��� 
��?���
����
?	�&?ก$�R��?	
KK��#� �q>��	�&?ก$�R��?!$&�MY�#���D�!^�Z��
	
KK��\�ก��!���� �!�?�?�M��ก 

 

 #� "C��E��S���!$&�C��"C����D�ก�EMก������	� !$&!^�RT[��
[��$"C�Zก���"$ ?ก
��EMก����"�%&�?�%�
�
���
�t�����"C�"���B%[�!$&�C������$"C��MY�!$&�C�>�ZD��%&�?D�กก��
��	��?
C�"���B%[�R�?
�]��]���!^�����$��%&��!$ �ก
�����  
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��PC���E��������� 

 
��PC 

 
ก��!���?M�� Eก
�ZB��!"#�#� $	%&�	�����	� ���������!^�ก��
��D�
��E��S������ก���ก 

��� �
�"���B%[�A���������ก���ก�
[� ���ก	����\Z	C

��
��E��S���!$&R���%����Z	C

��
�"���B%[�!$&
A����������!^�ก�Dก������
��Mก
�#� ��C�$ก����"� �"%�?]T&?	
?�ก
���D�กก��!$&���ก��C> � ��!$&
D��ก��]��]�����ก "C��E��S���!$&���D�ก �]��]����$"���Zก���"$ ?ก
��"�%&�?�%��
���
�t�����"C�
"���B%[�!$&���	����\ZB��
�"���B%[�ก
�A���������ก���D��? A���������ก	����\���E��S��� "���B%[� 
��� S�>R�?���ก AC��!�?�����]
� �]��]���S�"	C?\�ก��ก���Z��M��� 
�>�
??��!^�Z��	����\
ZB�?��������#� ZB���
�
��$&�>$ ? 3 #��
� ����$�� Eก��ZB�?����กก�C� 1 ��%��\���M�����
��� 
24 B
&�#�? ก��	C?	
KK��R�?�]��]���	����\	C?����ก�ก�C� 50 ��
����ZB�?�����>����ก
� 1 � 
150 �"�%&�?
C�

��
� 1 

� !^�Z��ก��
��D�
����ก���ก�$"���	���ก ������� ����$M��	�!@�S�>��ก
RT[� 

 
E��������� 

 
D�กR�����!$&����TกJ�����C�?ก���̂�����#"�?ก����D
  ���D�กA�R�?ก���̂�����#"�?ก�� 

!�?"��A����D
 R��	��������!�?�
�"���C�D��MY�M��# B��Z�ก��>
}��#"�?ก����D
 !$&
�ก$& �R��?�
?
C��M�$[ 

 

1. ���!�?R�?ก����D
 #"�?ก���$[	����\�̂��MM�� Eก
�ZB�ก
��!"#�#� $ก��
��D�
� 
��M����%&�p��� �BC� ก���
���?�
�Z���%�� ก���
��

��ก���
��R�?�
�ZD ��� ���	����\�̂��M
M�
�ZB�ก
��!"#�#� $�����%&�p ��� 

 

2. ��"�
��!E�R�?�����S�"�
�	C?	
KK�� RT[�� �C!$&�EMก���������� #� �EMก�����?


���D
��?	
&?D�ก
C�?M���!��BC� ��]$ nRF24LE1 

����$& ��̂�R������ก ��� 

��ก��M��DER���
���ก �$ก���!�?��T&?]T&?��D�MY�ก��BC� ��
��!E�ก��A��

C�B�[�?��"%�ก����R���R�?����� 
��� ��%�กZB��EMก���!$&�����Z�M���!� 
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3. D�กก���TกJ�A�R�?"���"����"�%&��R�?ก���
�	C?	
KK���ก��D�ก	�&?ก$�R��?
	
KK��#� �q>��	�&?ก$�R��?!$&�MY�#����
?�
[�Z�ก����ก����?D� ก����ก���ก�C�? ���ก��

��

[?S�"�
�S�"	C?DT?
��?���
����
? > � ����$ก��$& ?ก��ZB�#���]T&?D��MY�

���!��	
KK�� 

 
4. ���!�?R�?ก����D
 #"�?ก���$[	����\>
}��]���������>%&�Z��ก��ZB�?��	���ก

 �&?RT[� #� >
}��Z��A��ZB�?��	����\

[?"C�
C�? p��� �BC�

[?"C��E��S���Z���������?�
%����%&����ก
�MY��R�

����� ��%� 

[?"C�"���B%[�A������Z���������?�
%����%&�"���B%[��ก��ก�C�!$&

[?��� �MY�
�� 
��%� >
}��Z��]���������	�?"C��E��S������"���B%[����ก���>����ก
����  p "�AC�������]!�  

 

5. R���R�?�����	����\!^�Z���$R������ก�?ก�C��$[����$ก\�����EMก���������������
Z���$R������ก�?��%��$ก��>
}��Z����
�
��$&�$R������ก����$"���DE����������ก 



46 

 

��ก���������5���5��5 
 
B
 �
}�� !�$D
�!��.  2537.  Advanced Visual Basic ��
�P;�PCก�8	h��	����	 . ]
"�]	�$��$ D̂�ก
�.  

, ก�E?�!>�. 
 

@$��
}�� M��ก��A�.  2546.  ก��C���Pก:	BG�5���;��������������	. 	^��
ก>��>�	��"�	C?�	���
�!"#�#� $ (�! -K$&ME��)., ก�E?�!>� 

 
Buchanan, M., Jay M, M. Conbere.  2006. WLizardNet - Summer06X. Harvey Mudd College. 

Available Source: http://www.cs.hmc.edu/~mike/research/lizardnet/our 
 
Chevrolier, N. and N. Golmie, WOn the Use of Wireless Network Technologies in Healthcare 

Environments,X Proceedings of Fifth IEEE Workshop on Applications and Services in 

Wireless Networks (ASWN 2005), June, 2005. 

 
Ghovanloo, M. and K. Najafi.  2002.  A BiCMOS Wireless Stimulator Chip for Micromachined 

Stimulating Microprobes. Proceedings of the Second Joint EMBS/BMES Conference 

2002, 2113-2114. 

 

Han, J., A. Shah, M. Luk and A. Perrig.  2007. Donst Sweat Your Privacy Using Humidity to 

Detect Human Presence.  Available Source: http://www.ece.cmu.edu/~mluk /privacy.pdf, 
13December 2009. 

 

Ioan, L. and S. Oprea, 2008. Wireless technologies for distributed sensor networks used in 
measurement and automation systems. Electronics Technology, 2008. ISSE '08. 31st 

International Spring Seminar on, 303 � 307. 
 



47 

 

Istepanian, R. S. H., E. Jovanov, Y. Zhang.  2004. Guest Editorial Introduction to the Special 
Section on M-Health: Beyond Seamless Mobility and Global Wireless Health-Care 
Connectivity. IEEE Transactions on Information Technology in Biomedicine 2004, 
8(4):405-414. PubMed Abstract.  

 
Martin, T., E. Jovano and D. Raskovic,  2000. Issues in Wearable Computing for Medical 

Monitoring Applications: A Case Study of a Wearable ECG Monitoring Device. Proc of 
The International Symposium on Wearable Computers ISWC Atlanta, Georgia 2000, 43-
50. 

 
Pappas, IPI., T. Keller,S. Mangold,MR. Popovic, V. Dietz and M. Morari. A Reliable Gyroscope-

Based Gait-Phase Detection Sensor Embedded in a Shoe Insole.IEEE Sensors Journal 

2004, 4(2) :268-274. 

 

Park, S. and S. Jayaraman.  2003. Enhancing the Quality of Life Through Wearable Technology. 
IEEE Engineering in Medicine and Biology Magazine 2003, 22(3):41-48. PubMed 
Abstract. 

 
Richard, E.  2004, Trials of a New Relative Humidity Sensor. Upper Ocean Processes Group 

Woods Hole Oceanographic In stitution Woods Hole, MA 02543 UOP Technical 
Report 2004-03 

 
Steele, BG., B. Belza, K. Cain, C. Warms, J. Coppersmith and J. Howard: 2003. Bodies in 

motion: Monitoring daily activity and exercise with motion sensors in people with chronic 
pulmonary disease. Journal of Rehabilitation Research & Development 2003, 40(5 
Supplement 2): 45-58. 

 

Taneja, J., J. Jeong and D. Culler.  2007.  Design, Modeling, and Capacity Planning for  

Micro-Solar Power Sensor Networks.  Available Source: http://www.cs.berkeley.edu/ 
~jaein/papers/spots08 _paper.pdf, 13December 2009. 



48 

 

Timmons, N.F. and W.G. Scanlon, WAnalysis of the Performance of IEEE 802.15.4 for Medical 
Sensor Body Area Networking,X In Proceeding First Annual IEEE Communications 

Society Conference on Sensor and Ad Hoc Communications and Networks, 2004. 

 
Winters, JM., Y. Wang and JM. Winters.  2003. Wearable Sensors and Telerehabilitation: 

Integrating Intelligent Telerehabilitation Assistants With a Model for Optimizing Home 
Therapy. IEEE Engineering in Medicine and Biology Magazine 22(3):56-65. 

 
Zhang, L., L. Lao, K. Wu, Q. Liu and X. Wu.  2008. Research in Development on Wireless 

Health Care of Infants. IFMBE Springer Berlin Heidelberg, 580-583 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



49 

 

 

 

 

 

    
    
    
    
    
    

F��H��ก 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



50 

 

�C��ก�;F�=�y�
��H5�5I�:��I�7��P8<F�;� 
 
#include <reg24le1.h> 
#define RF_LED_R P02 
#define RF_LED_G P03   
#define nGo_LED_R P10 
#define nGo_LED_G P11 
#define My_LED_G P15 
#define My_LED_R P16 
#define A  0.005485 
#define B  0.00000665  
#define C  0.00000000002805 
#define D  0.00000000000000002 
#define R0  715     // Adjust R0   
unsigned char KeyIn; 
void Delay_ms(unsigned int DataIn)    // Delay Time (MilliSec) 
{ 
 unsigned int i; 
 while(DataIn) 
           { 
  i = 115; 

while(i>0) 
{ 
 i--; 
} 
DataIn--; 

} 
} 
void Delay_us(unsigned int DataIn)    // Delay Time (MicroSec) 
{ 
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 int i; 
 for (i=0; i<DataIn; i++); 
} 
void nRFwr(unsigned char DataIn) 
{     

SPIRDAT = DataIn; 
while((SPIRSTAT & 0x02) == 0x00); 
DataIn = SPIRDAT;  

} 
void nRFwr2(unsigned char DataIn1,DataIn2) 
{ 
 RFCSN = 0; 
 nRFwr(DataIn1); 
 nRFwr(DataIn2); 
 RFCSN = 1; 
} 
unsigned char nRFrd(void) 
{ 
 SPIRDAT = 0x00; 
 while((SPIRSTAT & 0x02) == 0x00); 
 return SPIRDAT; 
} 
unsigned char nRFrd2(unsigned char DataIn) 
{ 
 unsigned char temp; 
 RFCSN = 0; 

nRFwr(DataIn); 
temp = nRFrd(); 
RFCSN = 1; 
return temp; 
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} 
void nRF_FlushTx(void) 
{ 
 RFCSN = 0; 
 nRFwr(0xE1); 
 RFCSN = 1; 
} 
void nRF_FlushRx(void) 
{ 
 RFCSN = 0; 
 nRFwr(0xE2); 
 RFCSN = 1; 
} 
void nRF_Clear(void) 
{ 
 nRFwr2(0x27,0x7F); 
} 
void nRF_Init(void) 
{ 
 RFCKEN = 1; 
 RFCE = 0; 

nRFwr2(0x20,0x7C);   //Shutdown 
Delay_us(150); 
nRFwr2(0x50,0x73);   //Activate 
Delay_ms(15); 
nRFwr2(0x20,0x7E);       //Tx Mode, CRC 2 byte, Power Up 
nRFwr2(0x21,0x01);   //Enable Auto Ack Pipe 0 
nRFwr2(0x22,0x01);   //Enable Pipe 0 
nRFwr2(0x23,0x03);   //Address 5 byte 
nRFwr2(0x24,0xFF);   //4ms,15 Re-Send 
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nRFwr2(0x25,0x0F);    //Channel 15 
nRFwr2(0x25,0x02);    //Channel 2 
nRFwr2(0x26,0x26);    //250Kbps,0dBm  
RFCSN = 0;     //Address pipe 0 => 6F3C7E7673 
nRFwr(0x2A); 
nRFwr(0x73); 
nRFwr(0x76); 
nRFwr(0x7E); 
nRFwr(0x3C); 
nRFwr(0x6F); 
RFCSN = 1 
RFCSN = 0;     //Address Tx => 6F3C7E7673 
nRFwr(0x30); 
nRFwr(0x73); 
nRFwr(0x76); 
nRFwr(0x7E); 
nRFwr(0x3C); 
nRFwr(0x6F); 
RFCSN = 1; 
nRFwr2(0x3C,0x01);    // Enable Dynamic Payload Length 
nRFwr2(0x3D,0x06);    // Feature Register 

} 
int read_adc()      // Function ADC 
{ 

unsigned int num,vcc; 
unsigned char i; 
unsigned int buf[6],VDD[6]; 
float x,Rt,T,v;  
for(i=0;i<=5;i++) 
{ 
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ADCCON3=0xEF;  // 12bit AIN 0  11110111 
ADCCON1=0xC0;  // ref    1.22   11000000   
Delay_ms(5); 
buf[i]=ADCDATH; 
buf[i] = buf[i] << 8; 
buf[i] = buf[i]|ADCDATL; 
Delay_ms(5);     

} 
num=0; 
for(i=0;i<=5;i++) 
{ 
 num=buf[i]+num; 
} 
num=num/6; 
for(i=0;i<=5;i++) 
{ 
 ADCCON3=0x5F;    // 11110101     
 ADCCON1=0xF8;    // 11111000  
 Delay_ms(5); 

VDD[i]=ADCDATH; 
Delay_ms(5);     

} 
vcc=0; 
for(i=0;i<=5;i++) 
{ 
 vcc=VDD[i]+vcc; 
} 
vcc=vcc/6; 
x=(float)vcc; 
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x=(x/255.00)*1.22*3.00; 
v=x; 
x=(float)num; 
x=(x*1.22)/4095.000; 
2700)/(v_ecu_digital - digit_num) ; 2700 = R devider 
Rt = (x*2000.000)/(v-x);        
T=(((Rt/R0)-1.000)/(A+B+C+D)); 
num=(int)T; 
return num; 

} 
void nRF_Send5(void)     // Function Send Data RF 
{ 

unsigned char a,b,c,d; 
unsigned int value_adc; 
float x; 
RFCSN = 0;     //  Address pipe 0 => 6F3C7E7673 

           nRFwr(0x2A); 
nRFwr(0x73); 
nRFwr(0x76); 
nRFwr(0x7E); 
nRFwr(0x3C); 
nRFwr(0x6F); 
RFCSN = 1; 
RFCSN = 0;     //  Address Tx => 6F3C7E7673 
nRFwr(0x30); 
nRFwr(0x73); 
nRFwr(0x76); 

nRFwr(0x7E); 
nRFwr(0x3C); 
nRFwr(0x6F); 
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RFCSN = 1; 
Delay_ms(100); 
P1 = 0xE0;    
RFCSN = 0; 
nRFwr(0xA0); 
value_adc=read_adc(); 
x=value_adc; 
a=x/1000; 
b=(value_adc%1000)/100; 
c=((value_adc%1000)%100)/10; 
d=value_adc%10; 
nRFwr('a'); 
nRFwr(a+48); 
nRFwr(b+48); 
nRFwr(c+48); 
nRFwr(d+48); 

  nRFwr(13); 
  nRFwr(10); 
  RFCSN = 1; 
  RFCE = 1; 
  Delay_us(100); 
  RFCE = 0; 

} 
void nRF_Chk(void) 
{ 

  unsigned char Exit,temp; 
  Exit = 0x00; 

while(Exit == 0x00) 
 { 
  temp = nRFrd2(0x07); 
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  if((temp & 0x20) == 0x20)   //Pass 
   { 
   RF_LED_G = 0; 
   Delay_ms(100); 
   RF_LED_G = 1; 
   Exit = 0x01; 
   Delay_ms(2500); 
  } 
  if((temp & 0x10) == 0x10)   //Fail 
  { 
   RF_LED_R = 0; 
   Delay_ms(1500); 
   RF_LED_R = 1; 
   Exit = 0x01; 
 
   Delay_ms(2500); 
  } 
  else 
  { 
   Delay_ms(4000);  
  } 
 } 
 nRF_FlushTx(); 
 nRF_Clear(); 
} 
 

void main(void)        // Function Main  
{ 

P0DIR = 0x01; 
P1DIR = 0x00;  
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P1 = 0x00; 
nRF_Init(); 
Delay_ms(500); 
RF_LED_G=1; 
Delay_ms(500); 
RF_LED_G=0; 
Delay_ms(1000); 
RF_LED_G=1; 
while(1) 
{ 

nRF_Send5(); 
nRF_Chk(); 
Delay_ms(500); 

} 
} 
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#include <reg24le1.h> 
#define RF_LED_R P02 
#define RF_LED_G P03 
#define nGo_LED_R P10 
#define nGo_LED_G P11 
#define My_LED_G P15 
#define My_LED_R P16 
#define A  0.005485 
#define B  0.00000665  
#define C  0.00000000002805 
#define D  0.00000000000000002 
#define R0  715//1070.000  
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unsigned char KeyIn; 
void Delay_ms(unsigned int DataIn)      // Delay Time (MilliSec) 
{ 
 unsigned int i; 
 while(DataIn) 
           { 
  i = 115; 

while(i>0) 
{ 
 i--; 
} 
DataIn--; 

} 
} 
void Delay_us(unsigned int DataIn)    // Delay Time (MicroSec) 
{ 
 int i; 
 for (i=0; i<DataIn; i++); 
} 
void nRFwr(unsigned char DataIn) 
{     

SPIRDAT = DataIn; 
while((SPIRSTAT & 0x02) == 0x00); 
DataIn = SPIRDAT;  

} 
void nRFwr2(unsigned char DataIn1,DataIn2) 
{ 
 RFCSN = 0; 
 nRFwr(DataIn1); 
 nRFwr(DataIn2); 
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 RFCSN = 1; 
} 
unsigned char nRFrd(void) 
{ 
 SPIRDAT = 0x00; 
 while((SPIRSTAT & 0x02) == 0x00); 
 return SPIRDAT; 
} 
unsigned char nRFrd2(unsigned char DataIn) 
{ 
 unsigned char temp; 
 RFCSN = 0; 

nRFwr(DataIn); 
temp = nRFrd(); 
RFCSN = 1; 
return temp; 

} 
void nRF_FlushTx(void) 
{ 
 RFCSN = 0; 
 nRFwr(0xE1); 
 RFCSN = 1; 
} 
void nRF_FlushRx(void) 
{ 
 RFCSN = 0; 
 nRFwr(0xE2); 
 RFCSN = 1; 
} 
void nRF_Clear(void) 
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{ 
 nRFwr2(0x27,0x7F); 
} 
void nRF_Init(void)    // Function Initial RF 
{ 
 RFCKEN = 1; 
 RFCE = 0; 

nRFwr2(0x20,0x7C);   //Shutdown 
Delay_us(150); 
nRFwr2(0x50,0x73);   //Activate 
Delay_ms(15); 
nRFwr2(0x20,0x7E);       //Tx Mode, CRC 2 byte, Power Up 
nRFwr2(0x21,0x01);   //Enable Auto Ack Pipe 0 
nRFwr2(0x22,0x01);   //Enable Pipe 0 
nRFwr2(0x23,0x03);   //Address 5 byte 
nRFwr2(0x24,0xFF);   //4ms,15 Re-Send 
nRFwr2(0x25,0x0F);   //Channel 15 
nRFwr2(0x25,0x02);   //Channel 2 
nRFwr2(0x26,0x26);   //250Kbps,0dBm  
RFCSN = 0;    //Address pipe 0 => 6F3C7E7673 
nRFwr(0x2A); 
nRFwr(0x73); 
nRFwr(0x76); 
nRFwr(0x7E); 
nRFwr(0x3C); 
nRFwr(0x6F); 
RFCSN = 1 
RFCSN = 0;    //Address Tx => 6F3C7E7673 
nRFwr(0x30); 
nRFwr(0x73); 
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nRFwr(0x76); 
nRFwr(0x7E); 
nRFwr(0x3C); 
nRFwr(0x6F); 
RFCSN = 1; 
nRFwr2(0x3C,0x01);    // Enable Dynamic Payload Length 
nRFwr2(0x3D,0x06);    // Feature Register 

} 
int read_adc()      // Function ADC 
{ 

unsigned int num,vcc; 
unsigned char i; 
unsigned int buf[6],VDD[6]; 
float x,Rt,T,v;  
for(i=0;i<=5;i++) 
{ 

ADCCON3=0xEF;   // 12bit AIN 0  11110111 
ADCCON1=0xC0;   // ref    1.22   11000000   
Delay_ms(5); 
buf[i]=ADCDATH; 
buf[i] = buf[i] << 8; 
buf[i] = buf[i]|ADCDATL; 
Delay_ms(5);     

} 
num=0; 
for(i=0;i<=5;i++) 
{ 
 num=buf[i]+num; 
} 
num=num/6; 
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for(i=0;i<=5;i++) 
{ 
 ADCCON3=0x5F;    // 11110101     
 ADCCON1=0xF8;    // 11111000  
 Delay_ms(5); 

VDD[i]=ADCDATH; 
Delay_ms(5);     

} 
vcc=0; 
for(i=0;i<=5;i++) 
{ 
 vcc=VDD[i]+vcc; 
} 
vcc=vcc/6; 
x=(float)vcc; 
x=(x/255.00)*1.22*3.00; 
v=x; 
x=(float)num; 
x=(x*1.22)/4095.000; 
2700)/(v_ecu_digital - digit_num) ; 2700 = R devider 
Rt = (x*2000.000)/(v-x);        
T=(((Rt/R0)-1.000)/(A+B+C+D)); 
num=(int)T; 
return num; 

} 
 
void nRF_Send5(void)    // Function Send Data RF 
{ 

unsigned char a,b,c,d; 
unsigned int value_adc; 
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float x; 
RFCSN = 0;    // Address pipe 0 => 6F3C7E7673 
nRFwr(0x2A); 
nRFwr(0x73); 
nRFwr(0x76); 
nRFwr(0x7E); 
nRFwr(0x3C); 
nRFwr(0x6F); 
RFCSN = 1; 
RFCSN = 0;    // Address Tx => 6F3C7E7673 
nRFwr(0x30); 
nRFwr(0x73); 
nRFwr(0x76); 
nRFwr(0x7E); 
nRFwr(0x3C); 
nRFwr(0x6F); 
RFCSN = 1; 
Delay_ms(100); 
P1 = 0xE0;    
RFCSN = 0; 
nRFwr(0xA0); 
value_adc=read_adc(); 
x=value_adc; 
a=x/1000; 
b=(value_adc%1000)/100; 
c=((value_adc%1000)%100)/10; 
d=value_adc%10; 

nRFwr('a'); 
nRFwr(a+48); 
nRFwr(b+48); 
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 nRFwr(c+48); 
 nRFwr(d+48); 
 nRFwr(13); 
 nRFwr(10); 
 RFCSN = 1; 
 RFCE = 1; 
 Delay_us(100); 
 RFCE = 0; 
} 
void nRF_Chk(void) 
{ 
 unsigned char Exit,temp; 
 Exit = 0x00; 
 while(Exit == 0x00) 
 { 
  temp = nRFrd2(0x07); 
  if((temp & 0x20) == 0x20)   // Pass 
   { 
   RF_LED_G = 0; 
   Delay_ms(100); 

     RF_LED_G = 1; 
   Exit = 0x01; 
 
   Delay_ms(2500); 
  } 
  if((temp & 0x10) == 0x10)   // Fail 
  { 
   //nGo_LED_R = 1; 
   RF_LED_R = 0; 
   //My_LED_R = 0; 
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   Delay_ms(1500); 
   //nGo_LED_R = 0; 
   RF_LED_R = 1; 
   //My_LED_R = 1; 
   Exit = 0x01; 
 
   Delay_ms(2500); 
  } 
  else 
  { 
   Delay_ms(4000);  
  } 
 } 
 nRF_FlushTx(); 
 nRF_Clear(); 
} 
/***** writes a byte on the I2C-bus and checks the acknowledge *****/ 

char s_write_byte(unsigned char value) 
{  

unsigned char i,error=0;   
for (i=0x80;i>0;i/=2)              //shift bit for masking 
{  

if (i & value) DATA=1;      //masking value with i, write to I2C-BUS 
  else DATA=0;                         
 SCK=1;                           //clk for I2C-BUS 
_nop_();                           //pulswith approx. 5 us  
_nop_(); 
_nop_();  
_nop_(); 
_nop_(); 
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_nop_();         
SCK=0; 

} 
DATA=1;                           //release DATA-line 
SCK=1;                              //clk #9 for ack  
 error=DATA;                      //check ack (DATA will be pulled down by SHT11) 
SCK=0;         
return error;                       //error=1 in case of no acknowledge 

} 
/***** reads a byte form the I2C-bus and gives an acknowledge in case of "ack=1" *****/ 
char s_read_byte(unsigned char ack) 
{  

 unsigned char i,val=0; 
 DATA=1;                             //release DATA-line 
for (i=0x80;i>0;i/=2)               //shift bit for masking 
{  

SCK=1;                            //clk for I2C-BUS 
  if (DATA) val=(val | i);         //read bit   

 SCK=0;         
 } 

DATA=!ack;                         //in case of "ack==1" pull down DATA-Line 
SCK=1;                              //clk #9 for ack 

_nop_();                            //pulswith approx. 5 us  
 _nop_(); 
 _nop_(); 
 _nop_(); 
 _nop_(); 
_nop_();        
SCK=0;         
DATA=1;                            //release DATA-line 
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return val; 
} 

/***** generates a transmission start *****/  
void s_transstart(void) 
{   
   DATA=1; SCK=0;                   //Initial state 

_nop_(); 
 SCK=1; 
 _nop_(); 
DATA=0; 

  _nop_(); 
 SCK=0;   
_nop_(); 
 _nop_(); 
_nop_(); 
_nop_(); 
_nop_(); 
 _nop_(); 
SCK=1; 
_nop_(); 
DATA=1;      

   _nop_(); 
    SCK=0;      
} 

/*** communication reset: DATA-line=1 and at least 9 SCK cycles followed by transstart ***/ 
void s_connectionreset(void) 
{   
  unsigned char i;  
  DATA=1; SCK=0;                      //Initial state 

for(i=0;i<9;i++)                    //9 SCK cycles 
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{   
SCK=1; 
SCK=0; 

} 
 s_transstart();                     //transmission start 

} 
/**** makes a measurement (humidity/temperature) with checksum ****/ 
char s_measure(unsigned char *p_value, unsigned char *p_checksum, unsigned char mode) 
{  

unsigned error=0; 
unsigned int i; 
s_transstart();                      //transmission start 
switch(mode){                       //send command to sensor 
case TEMP : error+=s_write_byte(MEASURE_TEMP); break; 
case HUMI : error+=s_write_byte(MEASURE_HUMI); break; 
default     : break;   

} 
for (i=0;i<65535;i++) if(DATA==0) break; //wait until sensor has finished the 

measurement 
if(DATA) error+=1;                  // or timeout (~2 sec.) is reached 
*(p_value)  =s_read_byte(ACK);     //read the first byte (MSB) 
*(p_value+1)=s_read_byte(ACK);     //read the second byte (LSB) 
*p_checksum =s_read_byte(noACK);   //read checksum 

  return error; 
} 
void calc_sht11(float *p_humidity, float *p_temperature) 
{  

const float C1=-4.0;     // for 12 Bit 
const float C2= 0.0405;     // for 12 Bit 
const float C3=-0.0000028;            // for 12 Bit 
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const float T1=-0.01;     // for 14 Bit 
const float T2=0.00008;     // for 14 Bit  
float rh=*p_humidity;          // rh:      Humidity [Ticks] 12 Bit  
float t=*p_temperature;              // t:       Temperature [Ticks] 14 Bit 
float rh_lin;                        // rh_lin:  Humidity linear 
float rh_true;                      // rh_true: Temperature compensated humidity 
float t_C;                 // t_C   :  Temperature [ ^C] 
t_C=t*0.01 - 40;                   //calc. temperature from ticks to [ ^C] 

  rh_lin=C3*rh*rh + C2*rh + C1;         //calc. humidity from ticks to [%RH] 
rh_true=(t_C-25)*(T1+T2*rh)+rh_lin;   //calc. temperature compensated humidity  
humi_sht15=(int)rh_true; 
*p_temperature=t_C;                 //return temperature [ ^C] 
*p_humidity=rh_true;                //return humidity[%RH] 

} 
void main(void)             //  Main Function 
{ 

P0DIR = 0x01; 
P1DIR = 0x00;  
P1 = 0x00; 
nRF_Init(); 
Delay_ms(500); 
RF_LED_G=1; 
Delay_ms(500); 
RF_LED_G=0; 
Delay_ms(500); 
RF_LED_G=1; 

while(1) 
{ 

s_connectionreset();    
s_measure(&humi_val.i,&checksum,HUMI);    //measure humidity 
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s_measure(&temp_val.i,&checksum,TEMP);    //measure temperature 
humi_val.f=(float)humi_val.i;                         //converts integer to float 
temp_val.f=(float)temp_val.i;                         //converts integer to float 
calc_sht11(&humi_val.f,&temp_val.f);//calculate humidity, temperature 
point:%5.1fC\n",temp_val.f,humi_val.f,dew_point);    
nRF_Send5();           // Send Data RF 
nRF_Chk(); 
Delay_ms(500); 

        } 
} 
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#include <reg24le1.h> 
#include <math.h> 
#define RF_LED  P03 
#define nGo_LED  P10  
#define My_LED  P15 
#define A  0.005485 
#define B  0.00000665  
#define C  0.00000000002805 
#define D  0.00000000000000002 
#define R0  1070.000 
unsigned char n_Data[20]; 
void Delay_ms(unsigned int DataIn)  // Function Delay ( Millisec ) 
{ 
 unsigned int i; 
 while(DataIn) 
 { 
  i = 115; 
  while(i>0) 
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  { 
   i--; 
  } 
  DataIn--; 
 } 
} 
void Delay_us(unsigned int DataIn) // Function Delay ( Microsec ) 
{ 
 int i; 
              for (i=0; i<DataIn; i++); 
} 
void UART_Init(void)   //  Function  Initial UART 
{ 
     S0CON = 0x50;  //Round(1024 - (2*16e6)/(64*500000))  rate = 250000      
        output pin 0.3 
                 S0RELH = 0x03; 
                 S0RELL = 0xCC;  //03CCH => 9600 bps(Max) 
                 WDCON |= 0x80; 
} 
void UART_Send(unsigned char DataIn) 
{ 
 S0BUF = DataIn; 
 while(!(TI0)); 
 TI0 = 0; 
} 
void nRFwr(unsigned char DataIn) 
{     
 SPIRDAT = DataIn; 
 while((SPIRSTAT & 0x02) == 0x00); 
 DataIn = SPIRDAT;  
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} 
void nRFwr2(unsigned char DataIn1,DataIn2) 
{ 
 RFCSN = 0; 
 nRFwr(DataIn1); 
 nRFwr(DataIn2); 
 RFCSN = 1; 
} 
unsigned char nRFrd(void) 
{ 
 SPIRDAT = 0x00; 
 while((SPIRSTAT & 0x02) == 0x00); 
 return SPIRDAT; 
} 
unsigned char nRFrd2(unsigned char DataIn)   
{ 
 unsigned char temp; 
 RFCSN = 0; 
 nRFwr(DataIn); 
 temp = nRFrd(); 
 RFCSN = 1; 
 return temp; 
} 
void nRF_Init(void)     //  Function  Initial RF 
{ 
 RFCKEN = 1; 
 RFCE = 0; 
 nRFwr2(0x20,0x7C);   //  Shutdown 
 Delay_us(150); 
 nRFwr2(0x50,0x73);    //Activate 
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 Delay_ms(15); 
 nRFwr2(0x20,0x7F);   //Rx Mode, CRC 2 byte, Power Up 
 nRFwr2(0x21,0x02);    //Enable Auto Ack Pipe 1 
 nRFwr2(0x22,0x02);    //Enable Pipe 1 
 nRFwr2(0x23,0x03);    //Address 5 byte 
 nRFwr2(0x24,0xFF);   //4ms,15 Re-Send 
 nRFwr2(0x25,0x0F);   //Channel 15 
 nRFwr2(0x25,0x02);    //Channel 2 
 nRFwr2(0x26,0x26);    //250Kbps,0dBm 
 RFCSN = 0;     //Address pipe 1 => 6F3C7E7673 
 nRFwr(0x2B); 
 nRFwr(0x73); 
 nRFwr(0x76); 
 nRFwr(0x7E); 
 nRFwr(0x3C); 
 nRFwr(0x6F); 
 RFCSN = 1; 
 nRFwr2(0x3C,0x02);   //Enable Dynamic Payload Length 
 nRFwr2(0x3D,0x06);   //Feature Register 
 RFCE = 1; 
} 
void nRF_Read(void)     //  Function Read 
{ 
 unsigned char i,temp1,temp2; 
 while(1) 
 { 
  while((nRFrd2(0x07) & 0x0E) == 0x0E); 
  temp1 = nRFrd2(0x60); 
  temp2 = temp1; 
  RFCSN = 0; 
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  nRFwr(0x61); 
  for(i=0; i<temp1; i++) 
  { 
   n_Data[i] = nRFrd(); 
   UART_Send(n_Data[i]); 
  } 
  RFCSN = 1; 
 }  
} 
void main(void)       //  Main Function 
{   
unsigned int value_adc; 
char a,b,c,d; 
float x; 
 P0DIR = 0x11; 
 P1DIR = 0x00;      
 P1 = 0xFF;      //  Set Port 1 = Logic HIgh 
 P0 = 0xFF;      //  Set Port 1 = Logic HIgh 
 UART_Init(); 
 while(1) 
 { 
   nRF_Init();    //  Initial RF 
   nRF_Read();    //  Read Valu RF 
   a=x/1000; 
   b=(value_adc%1000)/100; 
   c=((value_adc%1000)%100)/10; 
   d=value_adc%10; 
   UART_Send(a); 
   UART_Send(b); 
   UART_Send(c); 
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   UART_Send(d); 
   UART_Send(10); 
   Delay_ms(20000);  
 } 
} 

 

�C��ก�; Visual Basic 6 ����5�������G7�� 

 

Option Explicit 
Dim data(0 To 4) As String 
Dim i As Byte 
 
 
Private Sub cmdOpenPort_Click() 
MSCom.PortOpen = True 
End Sub 
 
Private Sub cmdStart_Click() 
mCapHwnd = capCreateCaptureWindow("WebcamCapture", 0, 0, 0, 640, 480, _ 
PicDisplay.hwnd, 0) 
DoEvents 
SendMessage mCapHwnd, CONNECT, 0, 0 
Timer1.Enabled = True 
End Sub 
 
Private Sub cmdStop_Click() 
DoEvents: SendMessage mCapHwnd, DISCONNECT, 0, 0 
Timer1.Enabled = False 
End Sub 
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Private Sub Command1_Click() 
End 
End Sub 
 
Private Sub Form_Load() 
 MSCom.Settings = "4800,N,8,1" 
 MSCom.CommPort = 15 
End Sub 
 
Private Sub MSComm1_OnComm() 
Dim buffer As Variant 
If MSCom.CommEvent = comEvReceive Then 
buffer = MSCom.Input 
txtReceive.Text = buffer 
txtReceive.Refresh 
End If 
End Sub 
 
Private Sub Text1_Change() 
End Sub 
Private Sub MSCom_OnComm() 
Dim buffer As Variant 
Dim sum As Integer 
On Error Resume Next 
i = i + 1 
If MSCom.CommEvent = comEvReceive Then 
data(i) = MSCom.Input 
End If 
If data(i) = -9999 Then 
i = 0 



78 

 

End If 
    If data(1) = "a" Then 
    txtReceive.Text = data(2) + data(3) 
    End If 
    If data(1) = "b" Then 
    txtSend.Text = data(2) + data(3) 
    End If 
txtReceive.Refresh 
txtSend.Refresh 
End Sub 
Private Sub Timer1_Timer() 
SendMessage mCapHwnd, GET_FRAME, 0, 0 
SendMessage mCapHwnd, COPY, 0, 0 
PicDisplay.Picture = Clipboard.GetData 
SavePicture PicDisplay.Image, "images\test.bmp" 
Clipboard.Clear 
End Sub 
Private Sub UserDocument_Initialize() 

End Sub 
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