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�ú9%#AQ�<6/û>�-=%�BR%->�/@�O�J!ú#AQI/>�<I%û%�=%L%&#%AR��-Dú�M'#AQI�/CQ9�-C9#AQ�ú3.L%�>/*=�%>�́ ÖÓËÖÅÑ��

·ÍÑÙÐÅØÉ��¥××ÉÑÆÐÝ�L%#>��©ÐÉÇØÖÓÒÍÇ×��BQ��<�ú3.L%�>/�V>19��>/!ú93��/I*CQ9# 69&�ú9%!ú93��/

I*CQ9L�û�>%�/@���ú3.L%�>/99�J&&J1<1 �3>-I6A.7>.�7>�3��/#AQI/>99�J&&%=R%(@ *1> �%9��>�%AR�

.=��ú3.L%�>/*=�%>K'/J�/-#=R�L%/E'�9�� §ÓÈÉ� �,>5>K'/J�/-J&&�û9�3>-��7/C9� §ÓÈÉ¦ÐÓÇÏ×�

�,>5>K'/J�/-J&&�/>ĕ�#AQL�û�>/�1@��1>��3>���
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���

µú³¦ű¯º�·§�·�Æ³Í§ÆªĨ�*C?QM� QBTHMN

7%û>I3P&I*�� °ÉÅÖÒ� ¥ÖÈÙÍÒÓ� #AQI/>�<L�ûL%�>/I/A.%/Eû� ¥ÖÈÙÍÒÓ� �<J&ú�99�IĊ%� �� 6ú3%71=�O�

M ûJ�ú�°É××ÓÒ�¥ÖÉÅ��6ú3%&#I/A.%���»ÓÖÏÔÐÅÒÉ�¥ÖÉÅ��6ú3%*CR%#AQ6V>7/=&!ú93��/�'/<�9&�@è%6ú3%��

J1<�§ÓÑÔÓÒÉÒØ�¥ÖÉÅ��6ú3%J6 �/>.�>/9D'�/�þ��6ú3% û>%&%�9�J!ú1<*CR%#AQ�<IĊ%J"&I�/CQ9�-C9�

�¸ÓÓÐÆÅÖ��

x� H�.BP8�,B8�8��¯ÈÖÖÒÑ�¤ÕÈÄ��<IĊ%�±ÉÒÙ�°É××ÓÒ�-A'Dõ-�1@�I @%7%û>�"9.71=��7/C9�±ÓÚÉ�

M'.=�7=3�û9#AQ!û9��>/M û

x� H�.BP8�,B8�8��ºÒÕÎÓÏÄÑÈ� ¤ÕÈÄ� �<-AM9�9%*CR%�>%� M ûJ�ú� ¶ÓØÅØÉ�� ¸ÖÅ×Ì�� ¹ÒÈÓ�� ¶ÉÈÓ��

¥ÒÒÓØÅØÍÓÒ�J1<�ºÍÉÛ�¬ÍÈÉ�

x� &C ù,�U=5<P�K�ÿ�=$"<P2L&� M ûJ�ú� §ÓÈÉ�� ·ØÅÖØ�·ØÓÔ� ·ÍÑÙÐÅØÍÓÒ�� ©ÜÔÓÖØ� J1<� ·ÌÅÖÉ��

�'Dõ-6ú3%%ARM-úM ûI�AQ.3�û9�K .!/��=&�§ÓÑÔÓÒÉÒØ�¥ÖÉÅ�J!úIĊ%'Dõ-L�û�>%71=�#=Q3M'�

+CMT�*CRRNM

*CRRNM� QC?

2NNK@?Q
"NLL?MB
!TSSNM

"HQATHS
4HCV

"NLONMCMS
*HRS

5NQJOK?MC� QC? "NLONMCMS�
 QC?
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Æ¯¾Î­É�û�¼¦§·¯þĤ� QBTHMN��¯»Ï�Ç¯�
&NV�SN�FCS�RS?QSCB�VHSG� QBTHMN

Æ­ÁÎ·Æ¯¼ĥ»Ĥµ¾¦ÉĨ�ÁÏ·§·¯þĤ� QCTHMN� Ç±ºÊĤû­»¦­¼Ê³ûÉ¦­Á·Ç±û³� Çĥúĭ±¼®�¦��ĥ¾ĤűĀ�ĭ¼
ÆĤ¿®³�»¦� �Á·� Ê­ú¯ÃûĨºÆ¯¾Î­ĥû¦·®ú¼�Ê¯�»§§·¯þĤ�� §¤¦¿Ï�Á·³¾¥¿�¼¯Æ¯¾Î­ĥû¦É�û�¼¦§·¯þĤ��
 QCTHMN��¯·§�±Â­�¼¯ĥ¾Ĥĥ»Ï��·«ĥþÇ³ þ̄��¼¯Æ�ÁÎ·­ĥú·� QCTHMN�(#$��»§� QCTHMN�!N@QC��
ĥú·Ĥû³®�¼¯Æ¯¿®¦¯Ãû�û¼³Ç¯�¨ú¼¦�!THKS�HM�$W@LOKDR�ÈĤ®É¦�»Ï¦ĥ·¦¦¿Ï¨Ãû·ú¼¦®»�Ê­úĨĬ¼Æűā¦
ĥû·�­¿¤»�´º·ºÊ¯­¼�¦»�� Ç�úÆűñĤĤÃĥ»³·®ú¼�Ç±º·ú¼¦¤Ĭ¼�³¼­Æ�û¼ÉĨ� #NBTLDMS� /QNIDBS��
ĥú·³�Ĩ¯ĥ¼­Ç§§�Èĭ±ĤÈ�ûĤ±�§·¯þĤ�µ»�Æ�ĥ¨±±»ª¥þ�Ç±º¤Ĭ¼�ĬÏ¼�»§ĥ»³·®ú¼�·ÁÎ¦Ì



¤¼�Æ±Á·�É¦�¼¯Æ�¿®¦Èű¯Ç�¯­
&9/þ �¥ÖÈÙÍÒÓ�%=R%�<#V>9<M/M-úM ûI1.7>�M-ú-A�D �V>6=Q��3&�D-�>/#V>�>%�K .�D �V>6=Q�%ARI/>�<

!û9�I�A.%�BR%->�>��9-*@3I!9/þJ1û3K71 I�û>M'#AQ&9/þ �I*CQ9L7û&9/þ #V>�>%!>-#AQI/>!û9��>/�M-ú!ú>�

�>��9-*@3I!9/þ�BQ�IĊ%I*A.�:>/þ J3/þ�7>�'/>4�>��9+!þJ3/þJ1û3-=%�P7- '/<K.�%þ� L%�>/I�A.%

�D �V>6=Q�7/C9K�û  @���§ÓÈÍÒË��I/>I1C9�M û���#>�� =�%AR

1.� Arduino Web Editor (Coding  Online) �C9��>/I�A.%�

K'/J�/-(ú>%#>�99%M1%þ�7/C9�¥ÖÈÙÍÒÓ�§ÐÓÙÈ�

L%I3P&M�!þ� ÅÖÈÙÍÒÓ�ÇÇ� �/�A%AR!û9�I�CQ9-!ú9�=&

9@%I#9/þI%P!L%�>/I�û>L�û�>%K'/J�/-J&&�

³ÒÐÍÒÉ�­¨©�M-ú!û9�!@ !=R�K'/J�/-1�I�/CQ9��I/>

6>->/"I�A.%K'/J�/-(ú>%#>�� ¥ÖÈÙÍÒÓ�»ÉÆ�

©ÈÍØÓÖ� M ûK .�1@�#AQ� §ÓÈÉ� ³ÒÐÍÒÉ� J1û3� °ÓËÍÒ�

I*CQ9I�û>L�û�>%��<'/>��7%û>�9 =�/E'

2.� Arduino IDE (Coding Offline)� IĊ%�>/I�A.%

K'/J�/-&%�9-*@3I!9/þ�9�I/>K .M-ú!û9�

!ú99@%I#9/þI%P!� �/�A%AR!û9� >3%þ K71 J1<

!@ !=R�K'/J�/-1�L%I�/CQ9��9-*@3I!9/þ�ú9%��

K .I1C9�/Dú%�9��¥ÖÈÙÍÒÓ�­¨©�!>-/<&&'�@&=!@�>/�

�9�I�/CQ9��9-*@3I!9/þ#AQI/>L�û� �>�%=R%!@ !=R�

K'/J�/-!>-�=R%!9%� J1<Ič K'/J�/-�<

'/>��7%û>�9 =�/E'

� ¯ÃűÇµĤ�Æ³Í§ÆªĨ� QBTHMN�5C@�EBHSNQ

� �¯ÃűÇµĤ�ĭ¦û¼ĥú¼�Èű¯Ç�¯­�

 QBTHMN�'#E
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�¼¯Æ�¿®¦Èű¯Ç�¯­§¦� QBTHMN�'#E��¯»Ï�Ç¯�

1SCO���Ĥ¼³¦þÈĭ±ĤÇ±ºĥ¾Ĥĥ»Ï�� QBTHMN�'#E

Arduino IDE� IĊ%K'/J�/-L�ûI�A.%K'/J�/-�7/C9�D �V>6=Q�#AQ6>->/"J'1�,>5>#AQ-%D5.þI�û>L��

�¬ÙÑÅÒ�¶ÉÅÈÅÆÐÉ���BQ�L%#AQ%AR�C9�,>5>�§�§���IĊ%,>5>#AQ�9-*@3I!9/þI�û>L���±ÅÇÌÍÒÉ�¶ÉÅÈÅÆÐÉ��

(ú>%!=3�9-M*I19/þ� �§ÓÑÔÍÐÉÖ�� J1û39=*K71 M+1þK'/J�/-#AQI�A.%1�&%&9/þ � ¥ÖÈÙÍÒÓ� I*CQ9L7û-=%

#V>�>%!>-�V>6=Q�#AQI/>M ûI�A.%K'/J�/-M3û

� Æ³Í§ÆªĨĤ¼³¦þÈĭ±ĤÈű¯Ç�¯­� QBTHMN�'#E

ÌØØÔ×���ÛÛÛ�ÅÖÈÙÍÒÓ�ÇÇ�ÉÒ�×ÓÊØÛÅÖÉ

I-CQ9 >3%þK71 J1<!@ !=R�K'/J�/-� ¥ÖÈÙÍÒÓ� ­¨©� I6/P�J1û3� I-CQ9Ič L�û�>%�/=R�J/��<'/>��

7%û>!ú>�K'/J�/-I7-C9%�=%J-û�</=%&%/<&&'�@&=!@�>/#AQJ!�!ú>��=%� =�/E'

� ĭ¦û¼ĥ¼Èű¯Ç�¯­� QBTHMN�'#E
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135



2SDO��
��¤Ĥ±·�Æ�¿®¦Èű¯Ç�¯­§¦� QCTHMN�(#$��¯»Ï�Ç¯�

1. I�A.%K'/J�/-J6 �(199�#>�7%û>�9�Serial Monitor�

2. �1@�'Dõ-�¹ÈÕÌÉÜ�J1<�¸ÓÏÒÄÇ

3.� Ič �Serial Monitor��V>7% �ú>�Baud Rate�IĊ%�9600 baud (11=*$þ7%û>�9�<J6 ��V>3ú>��

� «ÈÏÏÒ�¤ÕÇØÌÑÒ�¬§¨��BR%&//#= L7-ú�J1<*@-*þ�VR>M'I/CQ9.O

ÆűñĤ�1CQH?K�+NMHSNQ�É�ûµĬ¼ĭ¯»§¯»§�ú¼Ç±ºÇµĤ�¨±

'MOTS�1CASHNM��Á·�
µú³¦Éµú�ú¼�'MOTS

OTSOTS�1CASHNM��Á·�
µú³¦ÇµĤ�¨±�-TSOTS�
É¦�¼¯¤Ĥ±·�¦¿ÏÉ�ûÆĪª¼º
µú³¦ÇµĤ�¨±

01

02

03
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'NV�SN�FDS�RS@QSDC�VHSG� QCTHMN

143



Æ¯¾Î­É�û�¼¦§·¯þĤ� QCTHMN��¯»Ï�Ç¯�
'NV�SN�FDS�RS@QSDC�VHSG� QCTHMN

163

# 69&�>/J6 �(1�û9�3>-��«ÈÏÏÒ�¤ÕÇØÌÑÒ��&%�·ÉÖÍÅÐ�±ÓÒÍØÓÖ�L%K'/J�/-�¥ÖÈÙÍÒÓ�»ÉÆ�

©ÈÍØÓÖ

# 69&�>//=&�û9�3>-�>��>/*@-*þ��«ÈÏÏÒ�¤ÕÇØÌÑÒ��§��J1<J6 �99�&%�·ÉÖÍÅÐ�±ÓÒÍØÓÖ�L%

K'/J�/-�¥ÖÈÙÍÒÓ�­¨©
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# 69&�>//=&�û9�3>-�>��>/*@-*þ��«ÈÏÏÒ�¤ÕÇØÌÑÒ��§��J1<J6 �99�&%�·ÉÖÍÅÐ�±ÓÒÍØÓÖ�L%

K'/J�/-�¥ÖÈÙÍÒÓ�»ÉÆ�©ÈÍØÓÖ

/=&�û9-E1�­ÒÔÙØ��û9�3>-��¬ÉÐÐÓ�¥ÖÈÙÍÒÓ��¨	

J6 ��û9-E1�­ÒÔÙØ��û9�3>-��¬ÉÐÐÓ�¥ÖÈÙÍÒÓ��¨	�&%7%û>�9�³ÙØÔÙØ��9��·ÉÖÍÅÐ�±ÓÒÍØÓÖ
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Arduino Programming & Circuit Lab
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�
���±Âú­�Ĭ¼µ»Î�­¿·ºÊ¯§û¼��� QBTHMN�.QNFQ?LLHMF�
I*CQ9L7û#D��%I�û>L��>/I�A.%K'/J�/-� ¥ÖÈÙÍÒÓ� I/>�<!û9�/Eû�ú9%3ú>-A�V>6=Q�9<M/L7ûI/>I1ú%&û>��

7%=�6C9I1ú-%ARM û/3&/3-�V>6=Q�#=R�7- K .J&ú�99�IĊ%����1Dú-� M ûJ�ú� ���·ØÖÙÇØÙÖÉ×���� ºÅÐÙÉ×�J1<��

���ªÙÒÇØÍÓÒ×

�
�
��È�¯�µ¯û¼�¤¼�Ê³®¼�¯£þ��1SQTASTQCR�

J�.�5.ÿ=�"=�L2-=
.�Ă��C9� �1Dú-�V>6=Q�'/<I,#K�/�6/û>��BQ�L%�>/I�A.%K'/J�/-&%� ¥ÖÈÙÍÒÓ�

�<�1û>.�=&�>/I�A.%K'/J�/-K .#=Q3M'�J!ú!ú>��=%!/�#AQK�/�6/û>��>/I�A.%K'/J�/-�¥ÖÈÙÍÒÓ��<-A

ĉ��þ�=%�×ÉØÙÔ���J1<�ÐÓÓÔ���L%�>/#V>�>%I�*><�9��>/I�A.%K'/J�/-�3&�D-&9/þ �¥ÖÈÙÍÒÓ

/>.1<I9A. �V>6=Q�'/<I,#K�/�6/û>��'/<�9& û3.

1.� ¶ÎÈ×ÆË���!=3K'/J�/-71=�

2.� ¦ÒÑ×ÕÒÏ�¶×ÕØÆ×ØÕÈ����V>6=Q��3&�D-�>/#V>�>%

Sketch
loop() 
setup() 

¦ÒÑ×ÕÒÏ�¶×ÕØÆ×ØÕÈ
break 
continue 
do...while 
else 
for 
goto 
if 
return 
switch...case 
while 

©ØÕ×ËÈÕ�¶ÜÑ×ÄÛ
#define (define) 
#include (include) 
/* */ (block comment) 
// (single line comment) 
; (semicolon) 

¤ÕÌ×ËÐÈ×ÌÆ�²ÓÈÕÄ×ÒÕÖ
% (remainder) 
* (multiplication) 
+ (addition) 
- (subtraction) 
/ (division) 
= (assignment operator) 

¦ÒÐÓÄÕÌÖÒÑ�²ÓÈÕÄ×ÒÕÖ
!= (not equal to) 
< (less than) 
<= (less than or equal to) 
== (equal to) 
> (greater than) 
>= (greater than or equal to) 

¥ÒÒÏÈÄÑ�²ÓÈÕÄ×ÒÕÖ
! (logical not) 
&& (logical and) 
|| (logical or)

³ÒÌÑ×ÈÕ�¤ÆÆÈÖÖ�²ÓÈÕÄ×ÒÕÖ
& (reference operator) 
* (dereference operator) 

¥Ì×ÚÌÖÈ�²ÓÈÕÄ×ÒÕÖ
& (bitwise and) 
<< (bitshift left) 
>> (bitshift right) 
^ (bitwise xor) 
| (bitwise or) 
~ (bitwise not) 

¦ÒÐÓÒØÑÇ�²ÓÈÕÄ×ÒÕÖ
%= (compound remainder) 
&= (compound bitwise and) 
*= (compound multiplication) 
++ (increment) 
+= (compound addition) 
-- (decrement) 
-= (compound subtraction) 
/= (compound division) 
^= (compound bitwise xor) 
|= (compound bitwise or) 

3.� ©ØÕ×ËÈÕ�¶ÜÑ×ÄÛ���M3.>�/�þI6/@-

4.� ²ÓÈÕÄ×ÒÕÖ���!=3 V>I%@%�>/!ú>�O

1

2

3

4
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�
�
��ĥ»³Çű¯Ç±º�ú¼��¤¿Î��4?KTCR���4?QH?@KCR��"NMRS?MSR�

 <2I&.I0;�þ=��"@P� �C9� �1Dú-�V>6=Q�'/<I,#�V>7% !=3J'/� �ºÅÖÍÅÆÐÉ×�� J1<�ú>��#AQ�9�!=3J'/�

�§ÓÒ×ØÅÒØ×�� �9��>/I�A.%K'/J�/-� ¥ÖÈÙÍÒÓ� L%6ú3%%AR�<�1û>.�=&�V>6=Q�6V>7/=&�>/I�A.%K'/J�/-�

K .#=Q3M'� J!ú!ú>��=%!/�#AQ�>/�V>7% �ú>��#AQL7û�=&!=3J'/%=R%� -A�CQ9I�*><6V>7/=&I�A.%K'/J�/-&%�

¥ÖÈÙÍÒÓ�I�ú%�¬­«¬�à�°³»��­²´¹¸�à�³¹¸´¹¸�à�­²´¹¸Ã´¹°°¹´��°©¨Ã¦¹­°¸­²�IĊ%!û%

/>.1<I9A. �V>6=Q��>/�= �>/�ú>!=3J'/J1<�ú>��#AQ�'/<�9& û3.�

1.� ¦ÒÑÖ×ÄÑ×Ö����>/�V>7% �ú>��#AQ�

2.� ¦ÒÑÙÈÕÖÌÒÑ����>/J'1�'/<I,#�û9-E1�

3.� §Ä×Ä�·ÜÓÈÖ����%@ �û9-E1�

4.� ¹ÄÕÌÄÅÏÈ�¶ÆÒÓÈ���´ØÄÏÌÉÌÈÕÖ����>/�V>7% �9&I�!J1</<&D�%@ �û9-E1

5.� ¸×ÌÏÌ×ÌÈÖ����V>6=Q��ú3.9CQ%O

¦ÒÑÖ×ÄÑ×Ö
HIGH | LOW 
INPUT | OUTPUT | INPUT_PULLUP 
LED_BUILTIN 
true | false 
Floating Point Constants 
Integer Constants 

¦ÒÑÙÈÕÖÌÒÑ
(unsigned int) 
(unsigned long) 
byte() 
char() 
float() 
int() 
long() 
word() 

§Ä×Ä�·ÜÓÈÖ
array 
bool 
boolean 
byte 
char 
double 
float 
int 
long 
short 
size_t 
string 
String() 
unsigned char 
unsigned int 
unsigned long 
void 
word 

¹ÄÕÌÄÅÏÈ�¶ÆÒÓÈ���´ØÄÏÌÉÌÈÕÖ
const 
scope 
static 
volatile 

¸×ÌÏÌ×ÌÈÖ
PROGMEM 
sizeof()

1

2

3 4

5
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§ÌÊÌ×ÄÏ�¬�²
digitalRead() 
digitalWrite() 
pinMode() 

¤ÑÄÏÒÊ�¬�²
analogRead() 
analogReference() 
analogWrite() 

½ÈÕÒ��§ØÈ���°®µ�©ÄÐÌÏÜ
analogReadResolution() 
analogWriteResolution() 

¤ÇÙÄÑÆÈÇ�¬�²
noTone() 
pulseIn() 
pulseInLong() 
shiftIn() 
shiftOut() 
tone() 

·ÌÐÈ
delay() 
delayMicroseconds() 
micros() 
millis()

°Ä×Ë
abs() 
constrain() 
map() 
max() 
min() 
pow() 
sq() 
sqrt() 

·ÕÌÊÒÑÒÐÈ×ÕÜ
cos() 
sin() 
tan() 

¦ËÄÕÄÆ×ÈÕÖ
isAlpha() 
isAlphaNumeric() 
isAscii() 
isControl() 
isDigit() 
isGraph() 
isHexadecimalDigit() 
isLowerCase() 
isPrintable() 
isPunct() 
isSpace() 
isUpperCase() 
isWhitespace() 

µÄÑÇÒÐ�±ØÐÅÈÕÖ
random() 
randomSeed() 

¥Ì×Ö�ÄÑÇ�¥Ü×ÈÖ
bit() 
bitClear() 
bitRead() 
bitSet() 
bitWrite() 
highByte() 
lowByte() 

¨Û×ÈÕÑÄÏ�¬Ñ×ÈÕÕØÓ×Ö
attachInterrupt() 
detachInterrupt() 

¬Ñ×ÈÕÕØÓ×Ö
interrupts() 
noInterrupts() 

¦ÒÐÐØÑÌÆÄ×ÌÒÑ
Serial 
Stream 

USB
Keyboard 
Mouse
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