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ABSTRACT 

This research aims to develop a monitoring and control system for a 
solar-powered drying facility using Internet of Things (IoT) technology for the coffee 
bean drying process, in order to reduce the drying time. Real-world data was collected 
from the production process to analyze the causes of delays using flowcharts and 
fishbone diagrams. It was found that the delay was caused by manual inspection of 
coffee bean quality and the lack of equipment to monitor moisture and temperature 
in the drying facility. As a result, the drying process took an average of 21 days and 
maintaining quality was difficult. To address this issue, the ECRS (Eliminate, Combine, 
Rearrange, Simplify) principle was applied to improve the coffee bean drying process. 
A system using IoT technology was developed to monitor temperature, humidity, and 
electricity usage via smartphone, with data recorded on a cloud platform. Additionally, 
the system can control the ventilation fan to reduce moisture, which helps shorten 
the drying time. The results showed that the drying time was reduced to an average 
of 13 days, a 37.95% reduction. This improvement enhances production efficiency, 
ensures more consistent coffee bean quality, and reduces production losses. Moreover, 
the system can be adapted for other agricultural processed products as well. 

Ȯ 
KeywordȮ: Solar-powered drying facility; Internet of Things (IoT); Monitoring and control system; 
Coffee bean drying process 
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ěĬĪņŒľƟĽŅĶĬŇıĬīƢĜĭńĭĬňŘĽņŏĶŖěĽĴĭŌĶĦƢ 

ĕŀĕŀĭėŋĦ ėĦŅěŅĶĵƢĪŋĔĪƞŅĬŒĬľĸńĔĽŌĨĶĮĶŇĠĠŅĺŇĻĺĔĶĶĴĻŅĽĨĶĴľŅĭńĦĤŇĨ
ĽŅĕŅĺŇĝŅĔŅĶěńħĔŅĶŀŋĨĽŅľĔĶĶĴȮĴľŅĺŇĪĵŅĸńĵĽĚĕĸŅĬėĶŇĬĪĶƢȮĪňŗĩƞŅĵĪŀħŀĚėƢėĺŅĴĶŌƟŐĸŃ
ĮĶŃĽĭĔŅĶĦƢŀńĬĴňėƞŅȮĞŉŗĚŏĮƦĬĶŅĔģŅĬĽņėńĠŒĬĔŅĶħņŏĬŇĬĔŅĶĺŇěńĵėĶńŘĚĬňŘ 

įŌƟěńħĪņĕŀĕŀĭėŋĦ ĔĸŋƞĴĺŇĽŅľĔŇěĝŋĴĝĬĔŅŐĲĶńļġŅŐĸŃŐĮĶĶŌĮįĸįĸŇĨĪŅĚ
ĔŅĶŏĔļĨĶȮĨņĭĸľĬŀĚĮĶŊŀȮŀņŏĳŀĶńļġŅȮěńĚľĺńħĨĶńĚ ĪňŗŏŀŊŘŀŏĲƘƨŀĽĩŅĬĪňŗŐĸŃŀņĬĺĵėĺŅĴĽŃħĺĔŒĬ
ĔŅĶŏĔŖĭĕƟŀĴŌĸŐĸŃĪħĸŀĚěĶŇĚŒĬıŊŘĬĪňŗȮĪņŒľƟĽŅĴŅĶĩĬņĕƟŀĴŌĸœĮĺŇŏėĶŅŃľƢŐĸŃıńĥĬŅĶŃĭĭœħƟŀĵƞŅĚĴň
ĮĶŃĽŇĪīŇĳŅı 

ĽŋħĪƟŅĵĬňŘȮĕŀĕŀĭėŋĦ ėĶŀĭėĶńĺ*ȮŏıŊŗŀĬĶƞĺĴĶŋƞĬŐĸŃĶŋƞĬıňŗȮMIM ĪňŗŀĵŌƞŏėňĵĚĕƟŅĚŐĸŃŒľƟ
ĔņĸńĚŒěĨĸŀħĶŃĵŃŏĺĸŅĕŀĚĔŅĶĻŉĔļŅŐĸŃĔŅĶěńħĪņĽŅĶĬŇıĬīƢĜĭńĭĬňŘ  įŌƟěńħĪņľĺńĚĺƞŅĽŅĶĬŇıĬīƢĜĭńĭĬňŘ
ěŃŏĮƦĬĮĶŃőĵĝĬƢĨƞŀįŌƟĪňŗĽĬŒěȮŐĸŃĽŅĴŅĶĩĬņœĮĨƞŀĵŀħıńĥĬŅŒĬŏĝŇĚĺŇĝŅĔŅĶŐĸŃĔŅĶŒĝƟĚŅĬěĶŇĚœħƟĨƞŀœĮ 

ĕŀĕŀĭıĶŃėŋĦĪŋĔĪƞŅĬĴŅȮĦȮőŀĔŅĽĬňŘħƟĺĵėĺŅĴĞŅĭĞŉŘĚĵŇŗĚ 

 

 

ĽŋĶŏĔňĵĶĨŇȮĪŀĚŏĔňĵĶĨŇ 
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ĽŅĶĭńĠ 

ľĬƟŅ 

ĭĪėńħĵƞŀ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,&3' 

ABSTRACT,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,&4' 

ĔŇĨĨŇĔĶĶĴĮĶŃĔŅĻźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźź,,,,,,,,,,(5) 

ĽŅĶĭńĠźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźź,,,,,,,,,,(6) 

ĶŅĵĔŅĶĨŅĶŅĚźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźź,,,,,,,,,(/.) 

ĶŅĵĔŅĶĳŅıĮĶŃĔŀĭźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźź,,,,,,,,,,,,(//) 

ĭĪĪňŗȮ/ȮĭĪĬņźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźź,,,,,,,,,,,,,,/ 

 /,/ȮėĺŅĴĽņėńĠŐĸŃĪňŗĴŅĕŀĚĮƤĠľŅźźźźźźźźźź,źźźźźźźźźźźźźźźźź,,,,,,,,,,,,,,,/ 

ȮȮȮȮ/,0ȮĺńĨĩŋĮĶŃĽĚėƢŒĬĔŅĶĺŇěńĵźźźźźźźźźźźźźźźźź,źźźźźźźźźź,źźźź,,,,,,,,,,,,,,3 

 /,1ȮĽĩŅĬĪňŗĪņĔŅĶĺŇěńĵ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,3 

 /,2ȮĕŀĭŏĕĨĚŅĬĺŇěńĵ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,6 

 /,3ȮĮĶŃőĵĝĬƢĪňŗėŅħĺƞŅěŃœħƟĶńĭ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,4 

ĭĪĪňŗȮ0ȮĪķļġňŐĸŃĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,5 

0,/ȮĪķļġňĪňŗŏĔňŗĵĺĕƟŀĚ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,.,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,5 

0,0ȮĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,.,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,27 

ĭĪĪňŗȮ1ȮĺŇīňħņŏĬŇĬĔŅĶĺŇěńĵ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,.,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,33 

1,/ȮĔŅĶĻŉĔļŅĚŅĬĺŇěńĵŐĸŃĪķļġňĪňŗŏĔňŗĵĺĕƟŀĚ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,.,,,,,,,,,,,,,,,,,33 

1,0ȮĔŅĶĻŉĔļŅĕƟŀĴŌĸĔĶŃĭĺĬĔŅĶŀĭŐľƟĚĕŀĚŏĴĸŖħĔŅŐĲĕŀĚĔĸŋƞĴĺŇĽŅľĔŇěĪňŗįĸŇĨŀĵŌƞŒĬĮƤěěŋĭńĬ,,,35 

1,1ȮĔŅĶĺŇŏėĶŅŃľƢĽŅŏľĨŋėĺŅĴĸƞŅĝƟŅĕŀĚĔĶŃĭĺĬĔŅĶŀĭŐľƟĚ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,37 

1,2ȮĔŅĶŀŀĔŐĭĭĶŃĭĭėĺĭėŋĴœŀőŀĪňĽņľĶńĭőĶĚŀĭŐľƟĚ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,37 

1,3ȮĔŅĶıńĥĬŅőĮĶŐĔĶĴėĺĭėŋĴĶŃĭĭŀĭŐľƟĚ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,42 

1,4ȮĔŅĶĨŇħĨńŘĚŐĸŃĪħĽŀĭĔŅĶĪņĚŅĬĕŀĚĶŃĭĭ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,44 
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ĽŅĶĭńĠȮ&Ĩƞŀ' 

ľĬƟŅ 

1,5ȮĔŅĶŏĔŖĭĕƟŀĴŌĸŐĸŃĺŇŏėĶŅŃľƢįĸĔŅĶĨŇħĨńŘĚĶŃĭĭ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,47 

1,6ȮĔŅĶİƗĔŀĭĶĴŐĸŃĩƞŅĵĪŀħĺŇīňĔŅĶŒĝƟĚŅĬŐĔƞĔĸŋƞĴŏĔļĨĶĔĶ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,5/ 

1,7ȮĔŅĶĽĶŋĮįĸŐĸŃěńħĪņĶŅĵĚŅĬįĸĔŅĶĺŇěńĵ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,5/ 

ĭĪĪňŗȮ2ȮįĸĔŅĶĺŇěńĵ ............................................................................................................................. 50 

2,/ȮįĸĔŅĶĺŇŏėĶŅŃľƢĽŅŏľĨŋėĺŅĴĸƞŅĝƟŅĕŀĚĔĶŃĭĺĬĔŅĶħƟĺĵŏėĶŊŗŀĚĴŊŀĺŇĻĺĔĶĶĴŀŋĨĽŅľĔŅĶź,,,,.70 

2,0ȮįĸĔŅĶıńĥĬŅĶŃĭĭĨŇħĨŅĴŐĸŃėĺĭėŋĴőĶĚŀĭŐľƟĚħƟĺĵœŀőŀĪň ............................................... 54 

2,1ȮĕƟŀĴŌĸĽĳŅĺŃĔŅĶŀĭŐľƟĚěŅĔĶŃĭĭœŀőŀĪň .............................................................................. 65 

4.2 įĸĔŅĶĮĶŃŏĴŇĬĮĶŃĽŇĪīŇĳŅıĔŅĶĨŇħĨńŘĚĶŃĭĭ ......................................................................... 67 

4.3 įĸĔŅĶĮĶŃŏĴŇĬĸńĔļĦŃĕŀĚŏĴĸŖħĔŅŐĲ.................................................................................. 71 

4.4 ĽĶŋĮįĸĔŅĶĮĶńĭĮĶŋĚĔĶŃĭĺĬĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲőħĵŒĝƟœŀőŀĪň ......................................... 73 

ĭĪĪňŗȮ3ȮĽĶŋĮįĸȮŐĸŃĕƟŀŏĽĬŀŐĬŃ ...................................................................................................... 75 

3,/ ĽĶŋĮįĸĔŅĶħņŏĬŇĬĔŅĶĺŇěńĵ .................................................................................................. /.5 

5.0 ĕƟŀŏĽĬŀŐĬŃĽņľĶńĭĚŅĬĺŇěńĵ ............................................................................................... /.. 

ĭĶĶĦŅĬŋĔĶĴ ................................................................................................................................... /.0 

ĳŅėįĬĺĔ ........................................................................................................................................ /.4 

ĳŅėįĬĺĔȮĔȮĔŅĶŏĕňĵĬőėƟħőĮĶŐĔĶĴėĺĭėŋĴĶŃĭĭ .................................................................... /.5 

ĳŅėįĬĺĔȮĕȮĶŅĵĔŅĶŀŋĮĔĶĦƢ .................................................................................................... /01 

ĳŅėįĬĺĔȮėȮĕƟŀĴŌĸŀŋĦľĳŌĴŇ, ėĺŅĴĝŊŘĬŐĸŃıĸńĚĚŅĬœĲĲƚŅĪňŗŒĝƟ .................................................. /12 

ĮĶŃĺńĨŇįŌƟŏĕňĵĬ .................................................................................................................................. /2/ 
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ĶŅĵĔŅĶĨŅĶŅĚ 

 

 ĨŅĶŅĚ ȮȮȮȮȮȮȮľĬƟŅ 
 

ĨŅĶŅĚĪňŗȮ0,1ȮŏĮĶňĵĭŏĪňĵĭĸńĔļĦŃĔĶĶĴĺŇīňĔŅĶŐĮĶĶŌĮĔŅŐĲ 02  

ĨŅĶŅĚĪňŗȮ3,/ȮŐĽħĚĶŅĵĸŃŏŀňĵħĶŅĵĔŅĶŀŋĮĔĶĦƢŁŅĶƢħŐĺĶƢľĸńĔĪňŗŒĝƟ 63 

ĨŅĶŅĚĪňŗȮ1,0 ěņĬĺĬŐĶĚĚŅĬėĬŐĸŃĝńŗĺőĴĚĔŅĶĪņĚŅĬĕŀĚĔĶŃĭĺĬĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲ 70 

ĨŅĶŅĚĪňŗȮ2,/ȮĔŅĶĺŇŏėĶŅŃľƢŐĬĺĪŅĚĔŅĶĮĶńĭĮĶŋĚħƟĺĵľĸńĔĔŅĶĸħėĺŅĴĽŌĠŏĮĸƞŅĕŀĚĔĶŃĭĺĬĔŅĶ 53 

ĨŅĶŅĚĪňŗȮ2,0ȮĶŅĵĸŃŏŀňĵħĚĭĮĶŃĴŅĦĔŅĶĨŇħĨńŘĚĶŃĭĭ 64 

ĨŅĶŅĚĪňŗȮ2,1ȮěņĬĺĬŐĶĚĚŅĬėĬŐĸŃĝńŗĺőĴĚĔŅĶĪņĚŅĬĶĺĴĕŀĚĔĶŃĭĺĬĔŅĶŀĭŐľƟĚ 7/ 

ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮľĸńĚĮĶńĭĮĶŋĚĶŃĭĭ  

ĨŅĶŅĚĪňŗȮ2,2ȮĔŅĶėņĬĺĦįĸĮĶŃľĵńħıĸńĚĚŅĬœĲĲƚŅĪňŗŒĝƟŏĮĶňĵĭŏĪňĵĭĔƞŀĬŐĸŃľĸńĚ 71 

ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮĔŅĶĮĶńĭĮĶŋĚĶŃĭĭ 

ĨŅĶŅĚĪňŗȮ2,3ȮĔŅĶŏĮĶňĵĭŏĪňĵĭįĸĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲĔƞŀĬŐĸŃľĸńĚĮĶńĭĮĶŋĚĶŃĭĭ 73 
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ĶŅĵĔŅĶĳŅıĮĶŃĔŀĭ 

 

 ĳŅı ȮȮȮȮȮȮȮľĬƟŅ 

 

ĳŅıĪňŗȮ/,/ȮőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮĕĬŅħȮ1Ȯx 2ȮŏĴĨĶ / 

ĳŅıĪňŗȮ/,2ȮĔŅĶĨŅĔŐľƟĚŏĴĸŖħĔŅŐĲħƟĺĵĺŇīňīĶĶĴĝŅĨŇŐĭĭħńŘĚŏħŇĴ 0 

ĳŅıĪňŗȮ/,3ȮőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮĕŀĚĔĸŋƞĴĺŇĽŅľĔŇěĝŋĴĝĬĔŅŐĲĶńļġŅł 1 

ĳŅıĪňŗȮ/,4ȮĔŅĶĨŅĔŐľƟĚŏĴĸŖħĔŅŐĲħƟĺĵőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢ 1 

ĳŅıĪňŗȮ/,5ȮĔŅĶĮĶŃŏĴŇĬėĺŅĴĝŊŘĬȮőħĵĺŇīňĔŅĶĽńĚŏĔĨ 2 

ĳŅıĪňŗȮ/,4ȮĔĸŋƞĴĺŇĽŅľĔŇěĝŋĴĝĬĔŅŐĲĶńļġŅŐĸŃŐĮĶĶŌĮįĸįĸŇĨĪŅĚĔŅĶŏĔļĨĶ 3 

ĳŅıĪňŗȮ0,/ȮŐįĬįńĚŐĽħĚĽŅŏľĨŋŐĸŃįĸ // 

ĳŅıĪňŗȮ0,0ȮĽńĠĸńĔļĦƢĪňŗŒĝƟŒĬĔŅĶŏĕňĵĬįńĚĚŅĬ                             /2 

ĳŅıĪňŗȮ0,1ȮĨńĺŀĵƞŅĚĔŅĶŏĕňĵĬįńĚĚŅĬ /3 

ĳŅıĪňŗȮ0,2ȮĸńĔļĦŃĔŇěĔĶĶĴĕńŘĬĨŀĬĔŅĶĪņĚŅĬŐĭĭĨƞŅĚȮŕȮ /4 

ĳŅıĪňŗȮ2.3ȮĨńĺŀĵƞŅĚĔŅĶĔĶŀĔĕƟŀĴŌĸŒĬŐįĬįńĚĔŅĶœľĸĕŀĚĺńĽħŋ  /6 

ĳŅıĪňŗȮ2.4ȮĸńĔļĦŃįĸĔŅŐĲőĶĭńĽĨƟŅ 0/ 

ĳŅıĪňŗȮ2.5ȮĔŅĶĨŅĔŏĴĸŖħĔŅŐĲĭĬıŊŘĬĨŅĕƞŅĵĵĔĽŌĚ 01 
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ĭĪĪňŗȮ/ȮĭĪĬņ 
 

1.1 ėĺŅĴĽņėńĠŐĸŃĪňŗĴŅĕŀĚĮƤĠľŅȮ 
 ĮƤěěŋĭńĬĮĶŃŏĪĻœĪĵĴňĔŅĶįĸŇĨŀŅľŅĶŐľƟĚĪńŘĚŒĬĶŃħńĭėĶńĺŏĶŊŀĬȮŐĸŃŒĬĶŃħńĭŀŋĨĽŅľĔĶĶĴȮĞŉŗĚĩŊŀ
ĺƞŅŏĮƦĬĔŇěĔĶĶĴĪŅĚŏĻĶļģĔŇěĪňŗĴňėĺŅĴĽņėńĠĪńŘĚŒĬĶŃħńĭĪƟŀĚĩŇŗĬŐĸŃŒĬĶŃħńĭĮĶŃŏĪĻȮ[1]ȮŐĨƞĔŅĶįĸŇĨ
ŀŅľŅĶŐľƟĚŒĬĮĶŃŏĪĻœĪĵĵńĚıĭĮƤĠľŅŀňĔľĸŅĵĮĶŃĔŅĶȮŏĝƞĬȮįŌƟįĸŇĨĽƞĺĬŒľĠƞŒĝƟŐĽĚŐħħīĶĶĴĝŅĨŇŐĸŃŒĝƟ
ıŊŘĬĪňŗőĸƞĚŒĬĔŅĶĨŅĔŐľƟĚŀŅľŅĶȮĪņŒľƟŀŅľŅĶĨŅĔŐľƟĚĴňĔŅĶĮĬŏĮƘƨŀĬěŅĔĔŅĶĶĭĔĺĬĕŀĚŐĴĸĚȮİŋƙĬȮĬŘņİĬ
ŐĸŃėĺŅĴĝŊŘĬȮĞŉŗĚĽƞĚįĸĪņŒľƟįĸŇĨĳńĦĤƢœĴƞœħƟĴŅĨĶģŅĬȮĩŉĚŐĴƟěŃĴňŏĔļĨĶĔĶĭŅĚĔĸŋƞĴĬņıĸńĚĚŅĬĝĬŇħŀŊŗĬĴŅ
ŒĝƟŒĬĔŅĶįĸŇĨŀŅľŅĶŀĭŐľƟĚȮŏĝƞĬȮĔŅĶŒĝƟŐĔƠĽľĶŊŀĨŌƟŀĭœĲĲƚŅȮĞŉŗĚĨƟŀĚŒĝƟĔƠŅĞĮƕőĨĶŏĸňĵĴŏľĸĺľĶŊŀıĸńĚĚŅĬ
œĲĲƚŅĴŅŏĮƦĬŏĝŊŘŀŏıĸŇĚŒĬĔŅĶŀĭŐľƟĚȮŐĨƞŏĴŊŗŀėņĬŉĚĩŉĚĨƟĬĪŋĬĪňŗŏĔŇħĕŉŘĬŐĸƟĺœĴƞŏĔŇħėĺŅĴėŋƟĴėƞŅĪŅĚ
ŏĻĶļģĻŅĽĨĶƢȮŐĸŃįĸěŅĔŒĝƟıĸńĚĚŅĬħńĚĔĸƞŅĺȮĵńĚŏĮƦĬĔŅĶĽĶƟŅĚĴĸĳŅĺŃŒľƟĔńĭĽŇŗĚŐĺħĸƟŀĴŀňĔħƟĺĵȮ 
 ŏĬŊŗŀĚěŅĔĮĶŃŏĪĻœĪĵĨńŘĚŀĵŌƞŒĬŏĕĨĻŌĬĵƢĽŌĨĶȮĪņŒľƟœħƟĶńĭıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢėƞŀĬĕƟŅĚĽŌĚĨĸŀħĮƖȮ
ħńĚĬńŘĬȮĔĶŃĪĶĺĚıĸńĚĚŅĬȮőħĵĔĶĴıńĥĬŅıĸńĚĚŅĬĪħŐĪĬŐĸŃŀĬŋĶńĔļƢıĸńĚĚŅĬěŉĚœħƟĪņĔŅĶĺŇěńĵŐĸŃ
ıńĥĬŅĬĺńĨĩĔĶĶĴőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮĽņľĶńĭŀĭŐľƟĚįĸįĸŇĨĪŅĚĔŅĶŏĔļĨĶĨƞŅĚŕȮĞŉŗĚĴň
ĻńĔĵĳŅıŒĬĔŅĶŀĭŐľƟĚįĸįĸŇĨĪŅĚĔŅĶŏĔļĨĶľĸŅĔľĸŅĵĶŌĮŐĭĭŐĸŃĽŅĴŅĶĩĬņœĮŒĝƟĚŅĬœħƟěĶŇĚȮőħĵ
ĽņĬńĔĚŅĬıĸńĚĚŅĬěńĚľĺńħĪńŘĚȮ54ȮěńĚľĺńħĪńŗĺĮĶŃŏĪĻ ĞŉŗĚŏĮƦĬľĬƞĺĵĚŅĬŒĬĨƟĬĽńĚĔńħĕŀĚįŌƟĺŇěńĵȮœħƟĬņĬĺńĨĩĔĶ
ĶĴőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮĕĬŅħȮ3 xȮ4ȮŏĴĨĶȮħńĚĳŅıĪňŗȮ/,/ȮĞŉŗĚŏĮƦĬőĶĚŀĭŐľƟĚŐĭĭŏĶŊŀĬĔĶŃěĔőħĵ
ŒĝƟıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮĪňŗĴňĸńĔļĦŃŏĮƦĬőĶĚŏĶŊŀĬĪňŗĴňľĸńĚėŅŏĮƦĬĪĶĚőėƟĚıŅĶŅőĭĸƞŅĔĶŋħƟĺĵŐįƞĬıĸŅĽĨŇĔ       
őıĸŇėŅĶƢĭŀŏĬĨŐĭĭŒĽȮĬņĴŅĽƞĚŏĽĶŇĴŒľƟĔĸŋƞĴŏĔļĨĶĔĶŐĸŃĺŇĽŅľĔŇěĝŋĴĝĬȮœħƟĴňĔŅĶĬņőĶĚŀĭŐľƟĚħƟĺĵ
ıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢħńĚĔĸƞŅĺȮĴŅŒĝƟĚŅĬŐĮĶĶŌĮįĸŇĨĳńĦĤƢĔŅĶŏĔļĨĶĨŅĔŐľƟĚȮŏıŊŗŀĸħĨƟĬĪŋĬĔŅĶįĸŇĨ     
ħƟŅĬıĸńĚĚŅĬȮįĸŇĨĳńĦĤƢĪňŗœħƟȮĽŃŀŅħȮĮĸŀħĳńĵȮĩŌĔĨƟŀĚĨŅĴĴŅĨĶģŅĬĽŅĔĸȮĪņŒľƟįĸŇĨĳńĦĤƢĴňĴŌĸėƞŅĽŌĚĕŉŘĬȮ
ĝƞĺĵĽƞĚŏĽĶŇĴŏĻĶļģĔŇěģŅĬĶŅĔŐĸŃŏĮƦĬĴŇĨĶĨƞŀĽŇŗĚŐĺħĸƟŀĴ 
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ĬņŏĴĸŖħĔŅŐĲĪňŗįƞŅĬĔŅĶėńħŏĸŊŀĔĴŅľĴńĔŐĸƟĺĬņœĮĨŅĔŐľƟĚħƟĺĵŐĽĚŀŅĪŇĨĵƢħƟĺĵĺŇīňīĶĶĴĝŅĨŇŐĭĭ
ħńŘĚŏħŇĴȮ     őħĵĔŅĶĨŅĔĭĬĸŅĬĞňŏĴĬĨƢľĶŊŀŒĬĩŅħĨŃŐĔĶĚȮħńĚĳŅıĪňŗȮ/,0ȮĞŉŗĚĳŅėŒĨƟĕŀĚĮĶŃŏĪĻœĪĵĪňŗ
ŏĮƦĬŐľĸƞĚŏıŅŃĮĸŌĔĔŅŐĲıńĬīŋƢőĶĭńĽĨƟŅȮěŃĮĶŃĽĭĮƤĠľŅěŅĔĽĳŅıĳŌĴŇŀŅĔŅĻĪňŗĴňİĬĨĔĝŋĔŏĔŊŀĭĪńŘĚĮƖȮ
ĽƞĚįĸŒľƟĴňėĺŅĴĝŊŘĬĪňŗĽŌĚĪņŒľƟŏĔŇħĔŅĶľĴńĔŐĸŃĽňĕŀĚįĸĔŅŐĲĴňėĺŅĴœĴƞĽĴŗņŏĽĴŀȮĪņŒľƟĴňįĸĨƞŀ
ėŋĦĳŅıŐĸŃĶĽĝŅĨŇĕŀĚĔŅŐĲĪňŗœħƟȮŐĸŃĴňĽŇŗĚĮĬŏĮƘƨŀĬěŅĔĔŅĶĨŅĔŐľƟĚŐĭĭħńŘĚŏħŇĴĽŌĚȮĞŉŗĚĽƞĚįĸĔĶŃĪĭ
ĨƞŀĪŅĚħƟŅĬĶŅėŅŐĸŃĔŅĶĨĸŅħȮȮŐĸŃĔĶŃĪĶĺĚıĸńĚĚŅĬĞŉŗĚĴňĳŅĶŃĔŇěŒĬĔŅĶĽƞĚŏĽĶŇĴĔŅĶŒĝƟıĸńĚĚŅĬ
ĪħŐĪĬŒĬŏĔļĨĶĔĶŐĸŃĺŇĽŅľĔŇěĝŋĴĝĬȮěŉĚœħƟĽĬńĭĽĬŋĬĬĺńĨĔĶĶĴŏĪėőĬőĸĵňıĸńĚĚŅĬŒĬĶŃħńĭĝŋĴĝĬȮ
őĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮŏĕƟŅĴŅĝƞĺĵŐĔƟĮƤĠľŅĕƟŅĚĨƟĬœħƟŏĮƦĬŀĵƞŅĚħňȮ 

  

 

 

 

 

 

 

įŌƟĺŇěńĵěŉĚœħƟŏĸŖĚŏľŖĬėĺŅĴĽņėńĠĕŀĚőĶĚŀĭŐľƟĚŐĭĭŏĶŊŀĬĔĶŃěĔőħĵŒĝƟıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮ     
ĞŉŗĚĽņĬńĔĚŅĬıĸńĚĚŅĬěńĚľĺńħȮĔĶŃĪĶĺĚıĸńĚĚŅĬȮœħƟĬņőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĴŅĽƞĚŏĽĶŇĴŒľƟ
ŏĔļĨĶĔĶŐĸŃĺŇĽŅľĔŇěĝŋĴĝĬįŌƟŐĮĶĶŌĮįĸŇĨĳńĦĤƢĔŅĶŏĔļĨĶĨŅĔŐľƟĚȮœĮŒĝƟĚŅĬŀĵƞŅĚľĸŅĔľĸŅĵȮ
őħĵŏĜıŅŃĔĸŋƞĴŏĔļĨĶĔĶįŌƟŐĮĶĶŌĮŏĴĸŖħĔŅŐĲőĶĭńĽĨƟŅĨŅĔŐľƟĚȮŏıŊŗŀĝƞĺĵĸħĮƤĠľŅĪňŗŀŅěŏĔŇħěŅĔĔŅĶ
ĨŅĔŐľƟĚŐĭĭħńŘĚŏħŇĴœħƟŏĮƦĬŀĵƞŅĚħň ħńĚŐĽĚŒĬĳŅıĪňŗȮ/,1ȮŐĸŃȮ/,2ȮĞŉŗĚĽņĬńĔĚŅĬıĸńĚĚŅĬěńĚľĺńħĨĶńĚȮœħƟ
ĽĬńĭĽĬŋĬőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮĕĬŅħȮ1 x 2ȮŏĴĨĶȮŒľƟŐĔƞĔĸŋƞĴĺŇĽŅľĔŇěĝŋĴĝĬĔŅŐĲĶńļġŅȮ
ŐĸŃŐĮĶĶŌĮįĸįĸŇĨĪŅĚĔŅĶŏĔļĨĶȮľĴŌƞĪňŗȮ6ȮĨņĭĸľĬŀĚĮĶŊŀȮŀņŏĳŀĶńļġŅȮěńĚľĺńħĨĶńĚȮĳŅĵŒĨƟőėĶĚĔŅĶ

ĳŅıĪňŗȮ/,2ȮĔŅĶĨŅĔŐľƟĚŏĴĸŖħĔŅŐĲħƟĺĵĺŇīňīĶĶĴĝŅĨŇŐĭĭħńŘĚŏħŇĴȮY0[ 
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ıĸńĚĚŅĬŏıŊŗŀŏĻĶļģĔŇěģŅĬĶŅĔěńĚľĺńħĨĶńĚȮěŅĔĚĭĮĶŃĴŅĦĔŀĚĪŋĬŏıŊŗŀĽƞĚŏĽĶŇĴĔŅĶŀĬŋĶńĔļƢıĸńĚĚŅĬȮ
ĕŀĚĔĶŃĪĶĺĚıĸńĚĚŅĬȮĮĶŃěņĮƖĚĭĮĶŃĴŅĦȮı,Ļ,Ȯ0341ȮȮ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
őħĵĔĸŋƞĴĺŇĽŅľĔŇěĝŋĴĝĬĔŅŐĲĶńļġŅŐĸŃŐĮĶĶŌĮįĸįĸŇĨĪŅĚĔŅĶŏĔļĨĶȮĴňįĸŇĨĳńĦĤƢľĸńĔĪňŗįĸŇĨ

ŐĸŃěņľĬƞŅĵėŊŀȮŏĴĸŖħĔŅŐĲėńŗĺĴŊŀȮŐĸŃœħƟħņŏĬŇĬĔŅĶıńĥĬŅįĸŇĨĳńĦĤƢŏĮƦĬȮĔŅŐĲħĶŇĮėńŗĺĭħȮŐĸŃ ĝŅ
ħŀĔĔŅŐĲȮĞŉŗĚŒĬĔŅĶįĸŇĨŏĴĸŖħĔŅŐĲėńŗĺĴŊŀĬńŘĬȮĨƟŀĚĬņŏĴĸŖħĔŅŐĲĽħŏĕƟŅĽŌƞĔĶĶĴĺŇīňľĴńĔŐĸŃĨŅĔŐľƟĚ
ŐĭĭĺŇīňħńŘĚŏħŇĴȮőħĵŒĝƟőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢŒĬĔŅĶĨŅĔŐľƟĚŏĴĸŖħȮȮĔŅĶįĸŇĨŏĴĸŖħĔŅŐĲĨŅĔ
ŐľƟĚȮĬńŘĬȮıĭĺƞŅŒĬĕńŘĬĨŀĬĔŅĶĨŅĔŐľƟĚŐĸŃĔŅĶĮĶŃŏĴŇĬėĺŅĴĝŊŘĬőħĵĺŇīňĔŅĶĽńĚŏĔĨȮĨƟŀĚŀŅĻńĵĪńĔļŃ

ĳŅıĪňŗȮ/,3ȮőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮĕŀĚĔĸŋƞĴĺŇĽŅľĔŇěĝŋĴĝĬĔŅŐĲĶńļġŅł 

ĳŅıĪňŗȮ/,4ȮĔŅĶĨŅĔŐľƟĚŏĴĸŖħĔŅŐĲħƟĺĵőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢ 

ĕŀĚĔĸŋƞĴĺŇĽŅľĔŇěĝŋĴĝĬĔŅŐĲĶńļġŅł 
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ŐĸŃĮĶŃĽĭĔŅĶĦƢĕŀĚįŌƟŒĝƟĚŅĬŏŀĚȮŒĬĔŅĶĽńĚŏĔĨ&Visual'ȮėĺŅĴĝŊŘĬŐĸŃĽňĕŀĚŏĴĸŖħĔŅŐĲħƟĺĵĨŅŏĮĸƞŅȮ
ŏıŊŗŀĮĶŃŏĴŇĬĔŅĶěńħŏĔŖĭŏĴĸŖħĔŅŐĲŐľƟĚȮĽņľĶńĭĬņœĮŏĕƟŅĔĶŃĭĺĬįĸŇĨŒĬĸņħńĭĩńħœĮ ħńĚĳŅıĪňŗȮ/,3 

 

 

 

 

 

 

  

 

 

 ěŅĔĔŅĶĮĶŃŏĴŇĬėĺŅĴĝŊŘĬħƟĺĵĺŇīňħńĚĔĸƞŅĺȮŏĔļĨĶĔĶįŌƟŒĝƟĚŅĬőĶĚŀĭŐľƟĚłȮĨƟŀĚıĭĔńĭĮƤĠľŅ
ĔŅĶĽŌĠŏĽňĵŏĺĸŅŒĬĔŅĶĨĶĺěĽŀĭėĺŅĴĝŊŘĬȮĽƞĚįĸĔĶŃĪĭŒľƟĶŃĵŃŏĺĸŅŒĬĔĶŃĭĺĬĔŅĶĨŅĔŐľƟĚŏĮƦĬ
ŏĺĸŅĬŅĬĮĶŃĴŅĦȮ15ů21 ĺńĬĨƞŀĶŀĭĔŅĶįĸŇĨȮ&ŏĜĸňŗĵĮĶŃĴŅĦȮ18 ĺńĬ' ĞŉŗĚĶŃĵŃŏĺĸŅĪňŗŒĝƟŒĬĔŅĶĨŅĔ
ŐľƟĚěŃĕŉŘĬŀĵŌƞĔńĭĽĳŅıŀŅĔŅĻŒĬĝƞĺĚĬńŘĬŕȮŐĸŃĮƤĠľŅėĺŅĴĽĴŗņŏĽĴŀĕŀĚėŋĦĳŅıĔŅŐĲŐľƟĚĪňŗœħƟŒĬŐĨƞ
ĸŃĶŀĭĔŅĶįĸŇĨȮŐĸŃĭƞŀĵėĶńŘĚĪňŗŏĔļĨĶĔĶįŌƟŒĝƟĚŅĬŏŀĚȮĨƟŀĚĴňĳŅĶŃŒĬĔŅĶŀŀĔœĮěņľĬƞŅĵĽŇĬėƟŅĬŀĔ
ĽĩŅĬĪňŗŒĬĨƞŅĚěńĚľĺńħȮĪņŒľƟœĴƞĴňŏĺĸŅŏĕƟŅĴŅĨĶĺěĽŀĭėĺŅĴĝŊŘĬœħƟŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮŀňĔĪńŘĚȮĽņĬńĔĚŅĬ
ıĸńĚĚŅĬěńĚľĺńħȮįŌƟĽĬńĭĽĬŋĬŏĪėőĬőĸĵňȮœħƟĴňĔŅĶŒľƟŏěƟŅľĬƟŅĪňŗĕŀĚľĬƞĺĵĚŅĬĸĚıŊŘĬĪňŗŏıŊŗŀĨŇħĨŅĴŐĸŃŏĔŖĭ
ĕƟŀĴŌĸĔŅĶŒĝƟĚŅĬőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĪňŗœħƟĽĬńĭĽĬŋĬŏĮƦĬĶŃĵŃȮŏıŊŗŀŒĝƟŏĮƦĬģŅĬĕƟŀĴŌĸŐĸŃ
ĨŇħĨŅĴĽĩŅĬŃĔŅĶŒĝƟĚŅĬĕŀĚőĶĚŀĭŐľƟĚłȮŐĨƞĵńĚĮĶŃĽĭĮƤĠľŅŒĬĔŅĶĶĺĭĶĺĴĕƟŀĴŌĸȮŏĝƞĬȮėĺŅĴœĴƞ
ĨƞŀŏĬŊŗŀĚĕŀĚĕƟŀĴŌĸȮĕƟŀĴŌĸŏĔŇħĔŅĶĽŌĠľŅĵȮŐĸŃĮƤĠľŅĔŅĶŏħŇĬĪŅĚȮłĸłȮ 

 ħńĚĬńŘĬȮįŌƟĺŇěńĵěŉĚĴňŐĬĺėŇħĪňŗěŃĬņŏŀŅŏĪėőĬőĸĵňŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚĴŅĮĶŃĵŋĔĨƢŒĝƟĔńĭ  
őĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮŏıŊŗŀĝƞĺĵŐĔƟĮƤĠľŅŒľƟŏĔļĨĶĔĶįŌƟŒĝƟĚŅĬŒĬĔŅĶĨĶĺěĨŇħĨŅĴĽĩŅĬŃŐĸŃ
ėĺĭėŋĴĔŅĶĨŅĔŐľƟĚĕŀĚįĸŇĨĳńĦĤƢȮĪňŗĽŅĴŅĶĩĝƞĺĵĸħĶŃĵŃŏĺĸŅĪňŗŒĝƟŒĬĔŅĶĨŅĔŐľƟĚȮĽŅĴŅĶĩėĺĭėŋĴ
ėŋĦĳŅıįĸŇĨĳńĦĤƢœħƟħňĕŉŘĬȮŐĸŃĽŅĴŅĶĩĮĶŃľĵńħıĸńĚĚŅĬœĲĲƚŅĪňŗŒĝƟŒĬĔŅĶĶŃĭŅĵėĺŅĴĝŊŘĬȮŐĸŃĝƞĺĵ
ŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĔŅĶĪņĚŅĬĕŀĚŏěƟŅľĬƟŅĪňŗĽņĬńĔĚŅĬıĸńĚĚŅĬěńĚľĺńħȮŒĬĔŅĶŏĔŖĭĕƟŀĴŌĸŐĸŃĨŇħĨŅĴĔŅĶ

ĳŅıĪňŗȮ/,5ȮĔŅĶĮĶŃŏĴŇĬėĺŅĴĝŊŘĬȮőħĵĺŇīňĔŅĶĽńĚŏĔĨ 



5 

 

 

ŒĝƟĚŅĬőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮĞŉŗĚŏĪėőĬőĸĵňŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚěŃĮĶŃĔŀĭħƟĺĵ
ŀŋĮĔĶĦƢŐĸŃŏĞŖĬŏĞŀĶƢĨĶĺěĺńħȮĪňŗĽŅĴŅĶĩŏĝŊŗŀĴĨƞŀŐĸŃėĺĭėŋĴœħƟħƟĺĵĶŃĭĭŀŇĬŏĪŀĶƢŏĬŖĨȮĽŅĴŅĶĩ
ĨŇħĨŅĴĽĳŅĺŃĔŅĶŒĝƟĚŅĬŐĸŃėĺĭėŋĴĽĳŅıŐĺħĸƟŀĴĨƞŅĚŕȮĕŀĚőĶĚŀĭıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢœħƟȮŏĝƞĬȮ
ėĺŅĴĝŊŘĬȮŀŋĦľĳŌĴŇȮĪńŘĚĳŅĵŒĬŐĸŃĳŅĵĬŀĔĕŀĚőĶĚŀĭŐľƟĚłȮĮĶŇĴŅĦĔŅĶŒĝƟıĸńĚĚŅĬȮŀňĔĪńŘĚĵńĚĽŅĴŅĶĩ
ŐĽħĚėƞŅĨńĺŐĮĶĨƞŅĚŕŏľĸƞŅĬňŘœħƟĨŅĴŏĺĸŅĪňŗŏĔŇħĕŉŘĬěĶŇĚȮŐĸŃĵńĚĽŅĴŅĶĩŏĔŖĭĭńĬĪŉĔĕƟŀĴŌĸœĺƟȮĞŉŗĚěŃŏĮƦĬ
ĮĶŃőĵĝĬƢĨƞŀĽņĬńĔĚŅĬıĸńĚĚŅĬěńĚľĺńħȮįŌƟĽĬńĭĽĬŋĬĚĭĮĶŃĴŅĦĔŅĶĨŇħĨńŘĚőĶĚŀĭŐľƟĚłȮŒĬĔŅĶĨŇħĨŅĴ
ĔŅĶŒĝƟĚŅĬĶŃĭĭȮĞŉŗĚįŌƟĨŇħĨŅĴŐĸŃŏĔļĨĶĔĶįŌƟŒĝƟĚŅĬĽŅĴŅĶĩħŌĕƟŀĴŌĸĵƟŀĬľĸńĚœħƟȮŐĸŃĬņĕƟŀĴŌĸĪňŗœħƟĴŅ
ĮĶńĭĮĶŋĚĽĳŅıŐĺħĸƟŀĴŒĬőĶĚŀĭŐľƟĚłȮŏıŊŗŀŒľƟœħƟįĸįĸŇĨĪňŗĴňėŋĦĳŅıŐĸŃœħƟĴŅĨĶģŅĬȮĪňŗěŃĪņŒľƟ
ĮƤĠľŅħƟŅĬĶŅėŅŐĸŃĔŅĶĨĸŅħĸħĬƟŀĵĸĚȮŐĸŃěŃĪņŒľƟĕŅĵĔŅŐĲœħƟĶŅėŅħňĕŉŘĬȮĞŉŗĚěŃĽƞĚįĸħňŒľƟĝňĺŇĨĕŀĚ
ŏĔļĨĶĔĶĴňėĺŅĴŏĮƦĬŀĵŌƞĪňŗħňĕŉŘĬȮŐĸŃĮĶŃŏĪĻœĪĵĵńĚĽŅĴŅĶĩĶńĔļŅĶŃħńĭŒĬĔŅĶĽƞĚĔŅŐĲŀŀĔœĮĽŌƞ
ĨĸŅħőĸĔœħƟȮŀňĔĪńŘĚĵńĚŏĮƦĬĔŅĶĽƞĚŏĽĶŇĴĳŅıĸńĔļĦƢĕŀĚŏĔļĨĶȮ2,.ȮĨŅĴĬőĵĭŅĵĕŀĚĶńģȮŒĬĔŅĶ
ĕńĭŏėĸŊŗŀĬĳŅėĔŅĶŏĔļĨĶĔĶĶĴħƟĺĵĬĺńĨĔĶĶĴŐĸŃŏĪėőĬőĸĵňĽĴńĵŒľĴƞȮĨƞŀœĮ 

1.2 ĺńĨĩŋĮĶŃĽĚėƢŒĬĔŅĶĺŇěńĵ 
1. ŏıŊŗŀĮĶŃĵŋĔĨƢŒĝƟŏĪėőĬőĸĵňŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚȮĽņľĶńĭĔŅĶĨŇħĨŅĴŐĸŃėĺĭėŋĴ

ĔŅĶĪņĚŅĬĕŀĚőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢ 

 2. ŏıŊŗŀĸħĶŃĵŃŏĺĸŅŒĬĔĶŃĭĺĬĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲœħƟȮŀĵƞŅĚĬƟŀĵȮ30 ŏĮŀĶƢŏĞŖĬĨƢ 

1.3 ĽĩŅĬĪňŗĪņĔŅĶĺŇěńĵ 
 ĔĸŋƞĴĺŇĽŅľĔŇěĝŋĴĝĬĔŅŐĲĶńļġŅŐĸŃŐĮĶĶŌĮįĸįĸŇĨĪŅĚĔŅĶŏĔļĨĶ  
 ĽĩŅĬĪňŗĨńŘĚȮ: ŏĸĕĪňŗȮ/ȮľĴŌƞĪňŗȮ6ȮĨņĭĸȮľĬŀĚĮĶŊŀȮŀņŏĳŀĶńļġŅȮěńĚľĺńħĨĶńĚȮ70/1.Ȯ 
 ıŇĔńħȮGPS  :  5,67365, 77,44762 

 

 

 

 

 

 

 

ĳŅıĪňŗȮ/,4ȮĔĸŋƞĴĺŇĽŅľĔŇěĝŋĴĝĬĔŅŐĲĶńļġŅŐĸŃŐĮĶĶŌĮįĸįĸŇĨĪŅĚĔŅĶŏĔļĨĶ 
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/,2ȮĕŀĭŏĕĨĚŅĬĺŇěńĵȮ 
 /,2,/ȮıńĥĬŅĔŅĶĮĶŃĵŋĔĨƢŒĝƟŏĪėőĬőĸĵňŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚ ĽņľĶńĭĔŅĶŀĭŐľƟĚ
ŏĴĸŖħĔŅŐĲħƟĺĵőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮĕĬŅħȮ1Ȯx 2ȮŏĴĨĶ 

 /,2,0ȮĶŃĭĭĽŅĴŅĶĩĽņľĶńĭŒĝƟŒĬĔŅĶĨŇħĨŅĴȮėĺĭėŋĴŐĸŃĭńĬĪŉĔĕƟŀĴŌĸĕŀĚőĶĚŀĭŐľƟĚıĸńĚĚŅĬ
ŐĽĚŀŅĪŇĨĵƢœħƟȮŏĝƞĬȮėƞŅėĺŅĴĝŊŘĬĳŅĵŒĬŐĸŃĳŅĵĬŀĔ*ȮėƞŅŀŋĦĳŌĴŇĳŅĵŒĬŐĸŃĳŅĵĬŀĔȮŐĸŃıĸńĚĚŅĬœĲĲƚŅĪňŗŒĝƟ 

Ȯ /,2,1ȮĽŅĴŅĶĩŒĝƟĚŅĬĶŃĭĭŏıŊŗŀĔŅĶĨŇħĨŅĴŐĸŃĽńŗĚĔŅĶėĺĭėŋĴĔŅĶĨŅĔŐľƟĚħƟĺĵŀŋĮĔĶĦƢĽŊŗŀĽŅĶ
œħƟĨŅĴŏĚŊŗŀĬœĕĕŀĚėƞŅėĺŅĴĝŊŘĬĽŋħĪƟŅĵĪňŗĨƟŀĚĔŅĶȮŐĸŃĽŅĴŅĶĩĭńĬĪŉĔŐĸŃŏĶňĵĔħŌĕƟŀĴŌĸĔŅĶŒĝƟĚŅĬȮȮȮȮȮȮȮ
őĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢįƞŅĬĶŃĭĭĔŅĶĮĶŃĴĺĸįĸŐĭĭėĸŅĺħƢœħƟ 

1.5 ĮĶŃőĵĝĬƢĪňŗėŅħĺƞŅěŃœħƟĶńĭ 
/,3,/'ȮŏıŊŗŀĮĶŃĵŋĔĨƢŒĝƟŏĪėőĬőĸĵňŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚȮĽņľĶńĭĔŅĶĨŇħĨŅĴŐĸŃ

ėĺĭėŋĴĔŅĶĪņĚŅĬĕŀĚőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮĪņŒľƟĽŅĴŅĶĩĸħĶŃĵŃŏĺĸŅĪňŗŒĝƟŒĬ
ĔĶŃĭĺĬĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲœħƟ 

1.5.0'ȮĽŅĴŅĶĩĝƞĺĵŒĬĔŅĶĨĶĺěŐĸŃĨŇħĨŅĴĽĩŅĬĔŅĶĦƢĨŅĔŐľƟĚĕŀĚįĸŇĨĳńĦĤƢȮŐĸŃŏıŇŗĴ
ĮĶŃĽŇĪīŇĳŅıĔŅĶįĸŇĨŏĴĸŖħĔŅŐĲŀĭŐľƟĚœħƟ 

1.5.3'ȮĴňĕƟŀĴŌĸŏĮƦĬŐĬĺĪŅĚŒĬĔŅĶĮĶńĭĮĶŋĚĔĶŃĭĺĬĔŅĶįĸŇĨŏĴĸŖħĔŅŐĲĨŅĔŐľƟĚħƟĺĵőĶĚ
ŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢ 

1.5.4'ȮĽņĬńĔĚŅĬıĸńĚĚŅĬěńĚľĺńħȮĽŅĴŅĶĩĬņĕƟŀĴŌĸœĮıńĥĬŅőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢŏıŊŗŀ
ŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŐĸŃĕĵŅĵĔŅĶĽĬńĭĽĬŋĬĔĸŋƞĴŏĔļĨĶĔĶŐĸŃĺŇĽŅľĔŇěĝŋĴĝĬŀŊŗĬĨƞŀœĮœħƟ 
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ĭĪĪňŗȮ0ȮĪķļġňŐĸŃĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 

 ĚŅĬĺŇěńĵĬňŘĴňĺńĨĩŋĮĶŃĽĚėƢŏıŊŗŀıńĥĬŅĔŅĶŒĝƟĚŅĬŏĪėőĬőĸĵňŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚ
ĽņľĶńĭĔĶŃĭĺĬĔŅĶĨŇħĨŅĴȮĭńĬĪŉĔĕƟŀĴŌĸŐĸŃėĺĭėŋĴĔŅĶĪņĚŅĬĕŀĚőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮ
ĶĺĴĩŉĚĔŅĶĮĶŃĵŋĔĨƢŒĝƟŐĬĺėŇħŐĸŃŏėĶŊŗŀĚĴŊŀŏĪėĬŇėĺŇĻĺĔĶĶĴŀŋĨĽŅľĔŅĶŏıŊŗŀĝƞĺĵŒĬĔŅĶĮĶńĭĮĶŋĚ
ĔĶŃĭĺĬĔŅĶįĸŇĨȮőħĵįŌƟĺŇěńĵœħƟĪņĔŅĶȮĻŉĔļŅėƟĬėĺƟŅĕƟŀĴŌĸŐĸŃĪķļġňȮĶĺĴĩŉĚįĸĚŅĬĺŇěńĵĨƞŅĚŕĪňŗ
ŏĔňŗĵĺĕƟŀĚȮŏıŊŗŀŏĮƦĬŐĬĺĪŅĚŒĬĔŅĶıńĥĬŅĶŃĭĭȮőħĵĴňĶŅĵĸŃŏŀňĵħħńĚĨƞŀœĮĬňŘ 

2.1 ĪķļġňĪňŗŏĔňŗĵĺĕƟŀĚ 
ȮȮȮȮȮ0,/.1ȮŐĬĺėŇħŐĸŃŏėĶŊŗŀĚĴŊŀŏĪėĬŇėĺŇĻĺĔĶĶĴŀŋĨĽŅľĔŅĶŏıŊŗŀĔŅĶĮĶńĭĮĶŋĚĔĶŃĭĺĬĔŅĶįĸŇĨ 

ȮȮȮȮȮȮȮȮ2.1.1.1 ėĺŅĴĽŌĠŏĽňĵȮ5ȮĮĶŃĔŅĶȮ&5Ȯwastes)  

 0,/,/,/,/ȮĔŅĶĽŌĠŏĽňĵěŅĔĔŅĶįĸŇĨĪňŗĴŅĔŏĔŇĬœĮȮ&Overproduction) 

   ĔŅĶĽŌĠŏĽňĵĪňŗŏĔŇħěŅĔĔŅĶįĸŇĨŏĔŇĬėĺŅĴĨƟŀĚĔŅĶĴńĔĴňĽŅŏľĨŋěŅĔĔŅĶĺŅĚ
ŐįĬĔŅĶįĸŇĨĪňŗœĴƞĽŀħėĸƟŀĚĔńĭĮĶŇĴŅĦėĺŅĴĨƟŀĚĔŅĶĕŀĚĨĸŅħȮŏĝƞĬȮĔŅĶįĸŇĨĽŇĬėƟŅĪňŗĴňŀŅĵŋĔŅĶŏĔŖĭ
ĶńĔļŅĽńŘĬŏĔŇĬœĮȮĔŅĶĽńŗĚįĸŇĨĸƞĺĚľĬƟŅŒĬĮĶŇĴŅĦĴŅĔŏĔŇĬěņŏĮƦĬȮŏıŊŗŀľĺńĚĸħĨƟĬĪŋĬħƟĺĵĔŅĶįĸŇĨŐĭĭėĶńŘĚ
ŏħňĵĺěĭȮĶĺĴĩŉĚĔŅĶĨńħĽŇĬŒěįĸŇĨĽŇĬėƟŅĴŅĔĔĺƞŅėņĽńŗĚĞŊŘŀěŅĔĸŌĔėƟŅȮőħĵŏĕƟŅŒěĺƞŅĽŇĬėƟŅŀŅěĕŅħĨĸŅħȮ
ĞŉŗĚĬņœĮĽŌƞĳŅĺŃĽŇĬėƟŅĸƟĬĨĸŅħŒĬĪňŗĽŋħȮŐĸŃĵńĚıĭĺƞŅĴňėĺŅĴıĵŅĵŅĴŏıŇŗĴįĸįĸŇĨĨƞŀľĬƞĺĵŏĺĸŅȮőħĵŒĝƟ
ĚŅĬŏėĶŊŗŀĚěńĔĶľĶŊŀŐĶĚĚŅĬŀĵƞŅĚŏĕƟĴĕƟĬŏĔŇĬĕňħėĺŅĴĽŅĴŅĶĩĕŀĚĶŃĭĭȮĞŉŗĚĽƞĚįĸĪņŒľƟŏĔŇħėĺŅĴĽŌĠŏĽňĵ
ŒĬľĸŅĵħƟŅĬȮŏĝƞĬȮĔŅĶŒĝƟĪĶńıĵŅĔĶŀĵƞŅĚĽŇŘĬŏĮĸŊŀĚȮėĺŅĴĸƞŅĝƟŅŒĬĔŅĶŐĔƟœĕĕƟŀĭĔıĶƞŀĚȮĔŅĶŏĽŊŗŀĴĽĳŅı
ĕŀĚĽŇĬėƟŅŐĸŃŀŋĮĔĶĦƢȮĔŅĶŏıŇŗĴĳŅĶŃıŊŘĬĪňŗěńħŏĔŖĭȮŐĸŃĔŅĶŏėĸŊŗŀĬĵƟŅĵĺńĽħŋőħĵœĴƞěņŏĮƦĬȮY1[ 

   ŐĬĺĪŅĚŒĬĔŅĶĸħĮƤĠľŅħńĚĔĸƞŅĺĽŅĴŅĶĩħņŏĬŇĬĔŅĶœħƟőħĵĔŅĶįĸŇĨĽŇĬėƟŅ
ŒľƟĽŀħėĸƟŀĚĔńĭĮĶŇĴŅĦŐĸŃĝƞĺĚŏĺĸŅĪňŗĨĸŅħĨƟŀĚĔŅĶȮĺŅĚŐįĬĔŅĶŒĝƟŏėĶŊŗŀĚěńĔĶŐĸŃŐĶĚĚŅĬŒľƟ
ŏľĴŅŃĽĴĔńĭĳŅĶŃĚŅĬȮĸħĔĶŃĭĺĬĔŅĶĪňŗœĴƞĴňėŋĦėƞŅŏıŇŗĴȮĴŋƞĚŏĬƟĬĪňŗĔĶŃĭĺĬĔŅĶľĸńĔȮİƗĔŀĭĶĴŒľƟ
ıĬńĔĚŅĬĴňĪńĔļŃĪňŗŏľĴŅŃĽĴȮħņŏĬŇĬĔŅĶĭņĶŋĚĶńĔļŅŏėĶŊŗŀĚěńĔĶŀĵƞŅĚĽĴŗņŏĽĴŀȮŐĸŃĮĶńĭĮĶŋĚ
ĔĶŃĭĺĬĔŅĶĪňŗŏĮƦĬěŋħėŀĕĺħȮŏıŊŗŀĸħĶŀĭŏĺĸŅĔŅĶįĸŇĨŐĸŃŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĔŅĶħņŏĬŇĬĚŅĬőħĵĶĺĴ 

 0,/,/,/,0ȮĔŅĶĽŌĠŏĽňĵěŅĔĔŅĶŏĔŖĭĺńĽħŋėĚėĸńĚȮ&Inventory)  
ĔŅĶĽŌĠŏĽňĵĪňŗŏĔŇħěŅĔĔŅĶŏĔŖĭĺńĽħŋėĚėĸńĚŒĬĮĶŇĴŅĦĴŅĔȮĴńĔĴňĽŅŏľĨŋěŅĔ

ĔŅĶĨńħĽŇĬŒěĽńŗĚĞŊŘŀĺńĽħŋŒĬŐĨƞĸŃėĶńŘĚŏĮƦĬěņĬĺĬĴŅĔŏĔŇĬėĺŅĴěņŏĮƦĬȮĞŉŗĚŀŅěĴňŏěĨĬŅŏıŊŗŀŒľƟœħƟĶńĭ
ĽƞĺĬĸħěŅĔĔŅĶĽńŗĚĞŊŘŀŒĬĮĶŇĴŅĦĴŅĔȮľĶŊŀŏıŊŗŀŏĨĶňĵĴėĺŅĴıĶƟŀĴĽņľĶńĭĔŅĶįĸŇĨŒĬŀĬŅėĨȮŀĵƞŅĚœĶĔŖ
ĨŅĴȮŐĬĺĪŅĚħńĚĔĸƞŅĺĴńĔĔƞŀŒľƟŏĔŇħĮƤĠľŅĔŅĶĽŃĽĴĺńĽħŋŒĬėĸńĚŏĔŇĬĶŃħńĭĪňŗŏľĴŅŃĽĴȮĽƞĚįĸŒľƟĨƟŀĚŒĝƟ
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ĪĶńıĵŅĔĶŒĬĔŅĶěńħŏĔŖĭȮħŌŐĸĶńĔļŅȮŐĸŃĭĶŇľŅĶėĸńĚĽŇĬėƟŅŏıŇŗĴĕŉŘĬȮŀňĔĪńŘĚĵńĚŏĽňŗĵĚĨƞŀĔŅĶŏĽŊŗŀĴĽĳŅıĕŀĚ
ĺńĽħŋŏĴŊŗŀŏĔŖĭœĺƟŏĮƦĬĶŃĵŃŏĺĸŅĬŅĬȮĶĺĴĩŉĚĮƤĠľŅĺńĽħŋĸƟŅĽĴńĵľĶŊŀĸƟŅėŋĦėƞŅŒĬŏĝŇĚŏĻĶļģĔŇěȮY1[ 

ŐĬĺĪŅĚŒĬĔŅĶĸħėĺŅĴĽŌĠŏĽňĵěŅĔĔŅĶĭĶŇľŅĶěńħĔŅĶĺńĽħŋėĚėĸńĚĽŅĴŅĶĩ
ħņŏĬŇĬĔŅĶœħƟőħĵĔŅĶĺŅĚŐįĬĔŅĶĽńŗĚĞŊŘŀŒľƟĽŀħėĸƟŀĚĔńĭėĺŅĴĨƟŀĚĔŅĶŒĝƟěĶŇĚŒĬŐĨƞĸŃĶŀĭĔŅĶįĸŇĨȮ
ĔņľĬħĮĶŇĴŅĦĔŅĶĽńŗĚĞŊŘŀĪňŗŏľĴŅŃĽĴŐĸŃĴňľĸńĔŏĔĦĤƢĝńħŏěĬŒĬĔŅĶěńħŏĔŖĭȮėĺĭėŋĴĮĶŇĴŅĦĺńĽħŋŒĬėĸńĚ
ŒľƟŀĵŌƞŒĬĶŃħńĭĪňŗŏľĴŅŃĽĴĔńĭĔņĸńĚĔŅĶįĸŇĨȮěńħĶŃĭĭĔŅĶĪņĚŅĬŒľƟŏĮƦĬĶŃŏĭňĵĭȮĸħĶŃĵŃŏĺĸŅŐĸŃ
ěņĬĺĬėĶńŘĚĕŀĚĔŅĶěńħĞŊŘŀȮıĶƟŀĴĪńŘĚĬņŐĬĺĪŅĚĔŅĶĭĶŇľŅĶĺńĽħŋŐĭĭŏĕƟŅĔƞŀĬ+ŀŀĔĔƞŀĬȮ&First-In First-
Out: FIFO) ĴŅŒĝƟȮŏıŊŗŀŒľƟŏĔŇħĔŅĶľĴŋĬŏĺňĵĬĕŀĚĺńĽħŋŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıŐĸŃĸħėĺŅĴŏĽňŗĵĚěŅĔĔŅĶ
ĽŃĽĴĺńĽħŋŏĔŇĬěņŏĮƦĬ 

2.1.1.1.3 ȮĔŅĶĽŌĠŏĽňĵěŅĔĔŅĶĕĬĽƞĚȮ&Transportation)  
   ĔŅĶĽŌĠŏĽňĵĪňŗŏĔŇħěŅĔĔŅĶĕĬĽƞĚĺńĽħŋľĶŊŀĽŇĬėƟŅȮĞŉŗĚĴŇœħƟĔƞŀŒľƟŏĔŇħĴŌĸėƞŅŏıŇŗĴȮ
ŀŅěĴňĽŅŏľĨŋĴŅěŅĔľĸŅĵĮƤěěńĵȮŏĝƞĬȮĔŅĶĕĬĵƟŅĵŒĬĶŃĵŃĪŅĚĪňŗœĴƞŏľĴŅŃĽĴȮĔŅĶŏėĸŊŗŀĬĵƟŅĵĽŇĬėƟŅőħĵœĴƞ
ěņŏĮƦĬȮĔŅĶĺŅĚŐįĬŏĽƟĬĪŅĚľĶŊŀĔĶŃĭĺĬĔŅĶĕĬĽƞĚĪňŗœĴƞĴňĮĶŃĽŇĪīŇĳŅıȮĶĺĴĩŉĚĔŅĶŀŀĔŐĭĭįńĚıŊŘĬĪňŗěńħŏĔŖĭ
ĪňŗœĴƞĽŀħėĸƟŀĚĔńĭĔĶŃĭĺĬĔŅĶĪņĚŅĬȮľĶŊŀĔŅĶŒĝƟŀŋĮĔĶĦƢĪňŗœĴƞœħƟĴŅĨĶģŅĬȮĪńŘĚĬňŘȮėĺŅĴĽŌĠŏĽňĵħńĚĔĸƞŅĺ
ĽƞĚįĸŒľƟĨƟĬĪŋĬħƟŅĬŐĶĚĚŅĬŐĸŃŏĝŊŘŀŏıĸŇĚŏıŇŗĴĽŌĚĕŉŘĬȮĔŅĶįĸŇĨĸƞŅĝƟŅȮĶĺĴĩŉĚėĺŅĴŏĽňŗĵĚĨƞŀĔŅĶŏĔŇħėĺŅĴ
ŏĽňĵľŅĵĕŀĚĺńĽħŋěŅĔĔŅĶĕĬĽƞĚĪňŗœĴƞŏľĴŅŃĽĴȮŐĸŃŏıŇŗĴőŀĔŅĽŒĬĔŅĶŏĔŇħŀŋĭńĨŇŏľĨŋĶŃľĺƞŅĚĔŅĶĕĬĵƟŅĵȮY1[Ȯ 
   ŐĬĺĪŅĚŒĬĔŅĶĸħėĺŅĴĽŌĠŏĽňĵěŅĔĔŅĶĕĬĽƞĚĽŅĴŅĶĩħņŏĬŇĬĔŅĶœħƟőħĵ
ĔŅĶĻŉĔļŅŐĸŃĺŅĚŐįĬŏĽƟĬĪŅĚĔŅĶĕĬĽƞĚŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıȮŏıŊŗŀĸħĶŃĵŃĪŅĚŐĸŃĸħėĺŅĴĩňŗŒĬĔŅĶ
ŏėĸŊŗŀĬĵƟŅĵĽŇĬėƟŅȮėĺĭėŌƞœĮĔńĭĔŅĶĮĶńĭĮĶŋĚįńĚĔŅĶěńħŏĔŖĭŐĸŃŏĸŊŀĔŒĝƟŀŋĮĔĶĦƢĪňŗœħƟĴŅĨĶģŅĬȮİƗĔŀĭĶĴ
ıĬńĔĚŅĬŒĬħƟŅĬĔŅĶěńħĔŅĶőĸěŇĽĨŇĔĽƢŀĵƞŅĚŏĮƦĬĶŃĭĭȮŐĸŃĽƞĚŏĽĶŇĴĔŅĶħņŏĬŇĬĔŇěĔĶĶĴȮ3ĽȮŏıŊŗŀŏıŇŗĴ
ĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĪņĚŅĬŐĸŃĸħėĺŅĴįŇħıĸŅħŒĬĔĶŃĭĺĬĔŅĶĕĬĽƞĚ 

2.1.1.1.4 ėĺŅĴĽŌĠŏĽňĵěŅĔĔŅĶŏėĸŊŗŀĬœľĺȮ&Motion) 
 ĔŅĶĽŌĠŏĽňĵěŅĔĔŅĶŏėĸŊŗŀĬœľĺŏĔŇħĕŉŘĬěŅĔĔŅĶěńħĽĳŅıŐĺħĸƟŀĴŒĬĔŅĶ

ĪņĚŅĬĪňŗœĴƞŏľĴŅŃĽĴȮŏĝƞĬȮĔŅĶĺŅĚĪƞŅĪŅĚŒĬĔŅĶĪņĚŅĬĪňŗœĴƞĩŌĔľĸńĔĔŅĶĵĻŅĽĨĶƢȮĔŅĶěńħĺŅĚŀŋĮĔĶĦƢĪňŗ
œĴƞŏŀŊŘŀĨƞŀĔŅĶľĵŇĭěńĭȮľĶŊŀĔŅĶŀŀĔŐĭĭįńĚőĶĚĚŅĬŐĸŃĶŃĭĭĔŅĶĪņĚŅĬĪňŗĕŅħĴŅĨĶģŅĬȮĽƞĚįĸŒľƟŏĔŇħ
ėĺŅĴŏľĬŊŗŀĵĸƟŅȮĔŅĶŏĽňĵŏĺĸŅŒĬĔŅĶĮĢŇĭńĨŇĚŅĬȮĔŅĶĪņĚŅĬĸƞŅĝƟŅȮŐĸŃŏıŇŗĴėĺŅĴŏĽňŗĵĚĨƞŀĔŅĶŏĔŇħ
ŀŋĭńĨŇŏľĨŋŒĬĽĩŅĬĪňŗĪņĚŅĬȮY1[ 

 ŐĬĺĪŅĚŒĬĔŅĶĸħėĺŅĴĽŌĠŏĽňĵěŅĔĔŅĶŏėĸŊŗŀĬœľĺĽŅĴŅĶĩħņŏĬŇĬĔŅĶœħƟ
őħĵĔŅĶĺŅĚŐįĬĸņħńĭĕńŘĬĨŀĬĔŅĶĪņĚŅĬŒľƟŏľĴŅŃĽĴȮŀŀĔŐĭĭĶŃĭĭőĶĚĚŅĬĨŅĴĴŅĨĶģŅĬĪňŗħňȮĻŉĔļŅ
ŐĸŃĮĶńĭĮĶŋĚĺŇīňĔŅĶěńħĪƞŅĪŅĚĕŀĚıĬńĔĚŅĬŒľƟĽŀħėĸƟŀĚĔńĭĸńĔļĦŃĚŅĬȮĶĺĴĩŉĚěńħĺŅĚŀŋĮĔĶĦƢěņŏĮƦĬ
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ŒľƟŀĵŌƞŒĬĨņŐľĬƞĚĪňŗĽŃħĺĔĨƞŀĔŅĶŒĝƟĚŅĬȮŏıŊŗŀĝƞĺĵĸħŏĺĸŅŒĬĔŅĶĪņĚŅĬȮĸħėĺŅĴŏľĬŊŗŀĵĸƟŅȮŐĸŃŏıŇŗĴ
ėĺŅĴĮĸŀħĳńĵŒĬĔĶŃĭĺĬĔŅĶĪņĚŅĬőħĵĶĺĴ 

2.1.1.1.5 ėĺŅĴĽŌĠŏĽňĵěŅĔĔĶŃĭĺĬĔŅĶįĸŇĨȮ&Processing)  
   ėĺŅĴĽŌĠŏĽňĵěŅĔĔĶŃĭĺĬĔŅĶįĸŇĨŏĔŇħĕŉŘĬŏĴŊŗŀĴňĔŅĶĔņľĬħĕńŘĬĨŀĬĔŅĶ
ĪņĚŅĬĪňŗœĴƞěņŏĮƦĬĳŅĵŒĬĔĶŃĭĺĬĔŅĶįĸŇĨȮĽƞĚįĸŒľƟŏĔŇħěņĬĺĬĕńŘĬĨŀĬĴŅĔŏĔŇĬėĺŅĴěņŏĮƦĬőħĵœĴƞœħƟ
ĽĶƟŅĚĴŌĸėƞŅŏıŇŗĴĨƞŀįĸŇĨĳńĦĤƢȮĬņœĮĽŌƞĨƟĬĪŋĬĪňŗĽŌĚĕŉŘĬőħĵœĴƞěņŏĮƦĬȮŐĸŃĔŅĶŒĝƟıŊŘĬĪňŗĔŅĶĪņĚŅĬŀĵƞŅĚœĴƞĴň
ĮĶŃĽŇĪīŇĳŅıȮĞŉŗĚŀŅěĪņŒľƟĕŅħıŊŘĬĪňŗĪňŗěņŏĮƦĬĽņľĶńĭĔŇěĔĶĶĴĔŅĶįĸŇĨŒĬĭŅĚĝƞĺĚȮY1[ 
   ŐĬĺĪŅĚŒĬĔŅĶĸħėĺŅĴĽŌĠŏĽňĵěŅĔĔĶŃĭĺĬĔŅĶįĸŇĨȮėŊŀĔŅĶĺŇŏėĶŅŃľƢ
ėĺŅĴěņŏĮƦĬĕŀĚŐĨƞĸŃĕńŘĬĨŀĬŀĵƞŅĚŏĮƦĬĶŃĭĭȮőħĵĮĶŃĵŋĔĨƢŒĝƟľĸńĔȮ3W/H ŒĬĔŅĶıŇěŅĶĦŅȮıĶƟŀĴĪńŘĚ
ŏĸŊŀĔŒĝƟŏėĶŊŗŀĚĴŊŀĺŇŏėĶŅŃľƢĔĶŃĭĺĬĔŅĶȮŏĝƞĬȮOperation Process Chart, Flow Process Chart, 
Assembly Process Chart, Multi-Product Process Chart ŐĸŃȮTravel Chart ŏıŊŗŀĮĶńĭĮĶŋĚ
ĔĶŃĭĺĬĔŅĶŒľƟĴňĮĶŃĽŇĪīŇĳŅıĽŌĚĽŋħȮĔŅĶħņŏĬŇĬĔŅĶħńĚĔĸƞŅĺěŃĝƞĺĵĸħĕńŘĬĨŀĬĪňŗœĴƞěņŏĮƦĬȮĸħĨƟĬĪŋĬ
ĔŅĶįĸŇĨȮŐĸŃŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĔŅĶŒĝƟıŊŘĬĪňŗĳŅĵŒĬőĶĚĚŅĬ 

2.1.1.1.6 ėĺŅĴĽŌĠŏĽňĵěŅĔĔŅĶĶŀėŀĵȮ&Delay)  
 ėĺŅĴĽŌĠŏĽňĵěŅĔĔŅĶĶŀėŀĵŏĔŇħĕŉŘĬŏĴŊŗŀĔĶŃĭĺĬĔŅĶįĸŇĨĨƟŀĚľĵŋħĝŃĚńĔȮ

ŏĬŊŗŀĚěŅĔĮƤěěńĵĨƞŅĚȮŕȮŏĝƞĬȮĔŅĶĕŅħŐėĸĬŐĶĚĚŅĬěŅĔĔŅĶĸŅľĶŊŀĕŅħĚŅĬȮĔŅĶĶŀĺńĨĩŋħŇĭĪňŗŒĝƟŒĬĔŅĶ
įĸŇĨȮľĶŊŀĔŅĶĶŀŏėĶŊŗŀĚěńĔĶĪňŗěņŏĮƦĬĨƞŀĔĶŃĭĺĬĔŅĶįĸŇĨŏĬŊŗŀĚěŅĔĔŅĶŏĽňĵľŅĵŐĸŃĔŅĶĞƞŀĴĭņĶŋĚȮ
ėĺŅĴĸƞŅĝƟŅħńĚĔĸƞŅĺĽƞĚįĸŒľƟŏĔŇħĔŅĶĽŌĠŏĽňĵŏĺĸŅŒĬĔŅĶįĸŇĨȮŏıŇŗĴĨƟĬĪŋĬĔŅĶħņŏĬŇĬĚŅĬȮĭńŗĬĪŀĬėĺŅĴ
ĨƞŀŏĬŊŗŀĚĕŀĚĔĶŃĭĺĬĔŅĶįĸŇĨȮĽƞĚįĸĔĶŃĪĭĨƞŀėŋĦĳŅıĕŀĚįĸŇĨĳńĦĤƢȮŐĸŃĪņŒľƟŏĔŇħĮƤĠľŅħƟŅĬĕĺńĠ
ĔņĸńĚŒěĕŀĚıĬńĔĚŅĬȮY1[ 

 ŐĬĺĪŅĚŒĬĔŅĶĸħėĺŅĴĽŌĠŏĽňĵěŅĔĔŅĶĶŀėŀĵĮĶŃĔŀĭħƟĺĵȮĔŅĶĺŅĚŐįĬ
ĶŃĭĭĔŅĶįĸŇĨŀĵƞŅĚĶńħĔŋĴȮĔŅĶĨĶĺěĽŀĭŐĸŃĭņĶŋĚĶńĔļŅŏėĶŊŗŀĚěńĔĶĔƞŀĬŒĝƟĚŅĬȮĶŃľĺƞŅĚĔŅĶŒĝƟĚŅĬȮ
ŐĸŃľĸńĚĔŅĶŒĝƟĚŅĬŀĵƞŅĚĽĴŗņŏĽĴŀȮĔŅĶĺŅĚŐįĬŐĸŃěńħĽĶĶěņĬĺĬıĬńĔĚŅĬŒľƟĽŀħėĸƟŀĚĔńĭĳŅĶŃĚŅĬȮ
ŐĸŃĔŅĶıńĥĬŅĪńĔļŃıĬńĔĚŅĬŒľƟĽŅĴŅĶĩĮĢŇĭńĨŇĚŅĬœħƟľĸŅĔľĸŅĵȮŏıŊŗŀŏıŇŗĴėĺŅĴĵŊħľĵŋƞĬŐĸŃĸħ
įĸĔĶŃĪĭěŅĔĔŅĶĕŅħĭŋėĸŅĔĶ 

2.1.1.1.7 ėĺŅĴĽŌĠŏĽňĵěŅĔĔŅĶįĸŇĨĕŀĚŏĽňĵȮ&Defect)  
 ėĺŅĴĽŌĠŏĽňĵěŅĔĔŅĶįĸŇĨĕŀĚŏĽňĵŏĔŇħĕŉŘĬŏĴŊŗŀĔĶŃĭĺĬĔŅĶįĸŇĨĔƞŀŒľƟŏĔŇħ

ĽŇĬėƟŅĪňŗœĴƞœħƟėŋĦĳŅıȮĽƞĚįĸŒľƟĨƟŀĚŏĽňĵŏĺĸŅŐĸŃŐĶĚĚŅĬŒĬĔŅĶĨĶĺěĽŀĭȮŐĔƟœĕȮľĶŊŀįĸŇĨŒľĴƞȮĬņœĮĽŌƞ
ėĺŅĴĸƞŅĝƟŅŒĬĔŅĶħņŏĬŇĬĚŅĬȮĔŅĶĽŇŘĬŏĮĸŊŀĚĺńĨĩŋħŇĭŐĸŃĨƟĬĪŋĬĪňŗŏıŇŗĴĕŉŘĬőħĵœĴƞěņŏĮƦĬȮŀňĔĪńŘĚĵńĚĽŌĠŏĽňĵ
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ıŊŘĬĪňŗĽņľĶńĭĔŅĶěńħŏĔŖĭŐĸŃĔņěńħĕŀĚŏĽňĵȮĬŀĔěŅĔĬňŘȮėĺŅĴŏĽňĵľŅĵĪňŗŏĔŇħĕŉŘĬĶŃľĺƞŅĚĔŅĶĕĬĽƞĚľĶŊŀ
ŏėĸŊŗŀĬĵƟŅĵĺńĽħŋȮĵńĚĽƞĚįĸĔĶŃĪĭĨƞŀĮĶŃĽŇĪīŇĳŅıőħĵĶĺĴĕŀĚĔĶŃĭĺĬĔŅĶįĸŇĨȮY1[ 

 ŐĬĺĪŅĚŒĬĔŅĶĸħėĺŅĴĽŌĠŏĽňĵěŅĔĔŅĶįĸŇĨĕŀĚŏĽňĵȮœħƟŐĔƞȮĔŅĶĔņľĬħŐĸŃ
ħņŏĬŇĬĔŅĶĨŅĴĴŅĨĶģŅĬĔŅĶĪņĚŅĬŐĸŃĔŅĶėĺĭėŋĴėŋĦĳŅıĺńĨĩŋħŇĭŀĵƞŅĚŏėĶƞĚėĶńħȮĔŅĶİƗĔŀĭĶĴ
ıĬńĔĚŅĬŒľƟĴňėĺŅĴĶŌƟȮĪńĔļŃȮŐĸŃěŇĨĽņĬŉĔŒĬħƟŅĬėŋĦĳŅıĔŅĶįĸŇĨŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮĔŅĶıńĥĬŅĺŇīňĔŅĶ
ĪņĚŅĬŒľƟĴňĮĶŃĽŇĪīŇĳŅıĽŌĚĽŋħőħĵĔŅĶĸħėĺŅĴĞńĭĞƟŀĬĕŀĚĔĶŃĭĺĬĔŅĶȮŐĸŃĔŅĶĭņĶŋĚĶńĔļŅ
ŏėĶŊŗŀĚěńĔĶŀĵƞŅĚĽĴŗņŏĽĴŀĪńŘĚĔƞŀĬĔŅĶŒĝƟ*ȮĶŃľĺƞŅĚĔŅĶŒĝƟĚŅĬŐĸŃľĸńĚĔŅĶŒĝƟĚŅĬȮŏıŊŗŀĮƚŀĚĔńĬĮƤĠľŅĪňŗ
ŀŅěĔƞŀŒľƟŏĔŇħĕŀĚŏĽňĵŒĬĔĶŃĭĺĬĔŅĶįĸŇĨœħƟ 

2.1.1.2 ŐįĬįńĚŐĽħĚĽŅŏľĨŋŐĸŃįĸȮ&Cause and Effect Diagram) 
  ŐįĬįńĚĽŅŏľĨŋŐĸŃįĸȮ[3]ȮľĶŊŀĪňŗĶŌƟěńĔŒĬĝŊŗŀȮŐįĬįńĚĔƟŅĚĮĸŅȮľĶŊŀȮŐįĬįńĚŀŇĝŇĔŅĺŃȮ
&ĨńŘĚĝŊŗŀĨŅĴȮħĶ,ȮŀŇĝŇĔŅĺŃȮįŌƟıńĥĬŅĺŇīňĔŅĶĬňŘ'ȮŏĮƦĬŏėĶŊŗŀĚĴŊŀĪňŗŒĝƟĺŇŏėĶŅŃľƢŐĸŃŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚ
ĮƤĠľŅĔńĭĽŅŏľĨŋĪňŗĽŅĴŅĶĩŏĔŇħĕŉŘĬœħƟ ŏıŊŗŀĶŃĭŋĮƤěěńĵĪňŗĔƞŀŒľƟŏĔŇħĮƤĠľŅĬńŘĬȮőħĵŏĮƦĬĽƞĺĬľĬŉŗĚĕŀĚ
ĔĶŃĭĺĬĔŅĶĺŇŏėĶŅŃľƢĮƤĠľŅŒĬĕńŘĬĨƟĬȮľĸńĚěŅĔĴňĔŅĶĶĺĭĶĺĴĕƟŀĴŌĸŐĸŃĻŉĔļŅĽĩŅĬŃĮƤěěŋĭńĬįƞŅĬĔŅĶ
ĪņŐįĬįńĚĽŅĵīŅĶėŋĦėƞŅȮ&Value Stream Mapping) 

 ĔŅĶěńħĺŅĚĮƤěěńĵĨƞŅĚŕȮĭĬŐįĬįńĚĔƟŅĚĮĸŅħńĚŐĽħĚŒĬĳŅıĪňŗȮ0,/ őħĵĔŅĶĔņľĬħ
ĮƤĠľŅėŋĦĳŅı &Quality Problem' ĪňŗĨƟŀĚĔŅĶŐĔƟœĕŐĸŃĔŅĶĶŃĭŋĽŅŏľĨŋĪňŗŏĔŇħěŅĔĮƤěěńĵĨƞŅĚŕĪňŗĝƞĺĵ
ŒľƟĽŅĴŅĶĩŐĵĔŐĵŃĽŅŏľĨŋœħƟŀĵƞŅĚŏĮƦĬĶŃĭĭŐĸŃĴňĨĶĶĔŃĪňŗĝńħŏěĬȮőħĵĪńŗĺœĮěŃŒĝƟľĸńĔȮ2M/E ŒĬĔŅĶ
ěńħĔĸŋƞĴĮƤěěńĵŏıŊŗŀĝƞĺĵŒĬĔŅĶĺŇŏėĶŅŃľƢĨƟĬĨŀĕŀĚĮƤĠľŅœħƟŀĵƞŅĚėĶŀĭėĸŋĴŐĸŃŏĮƦĬĶŃĭĭȮœħƟŐĔƞ  

 MȮ&Man'  :ȮȮėĬĚŅĬ*ȮıĬńĔĚŅĬľĶŊŀĭŋėĸŅĔĶĪňŗĪņĚŅĬŒĬĔĶŃĭĺĬĔŅĶ 

 M &Machine'  :ȮȮŀŋĮĔĶĦƢ*ȮŏėĶŊŗŀĚěńĔĶľĶŊŀŏėĶŊŗŀĚĴŊŀŀŜŅĬĺĵėĺŅĴĽŃħĺĔȮ 

 M &Material'  :ȮȮĺńĨĩŋħŇĭľĶŊŀŀŃœľĸƞĕŀĚŀŋĮĔĶĦƢĪňŗŒĝƟŒĬĔĶŃĭĺĬĔŅĶȮ 

 M &Method'  :ȮȮĔĶŃĭĺĬĔŅĶĪņĚŅĬľĶŊŀĺŇīňĔŅĶȮ 

 E &Environment'  :ȮȮĽŇŗĚŐĺħĸƟŀĴĨƞŅĚŕȮŒĬĔŅĶĪņĚŅĬȮ 
 
ŐįĬįńĚŐĽħĚĽŅŏľĨŋŐĸŃįĸĴňĕƟŀħňĽņėńĠȮėŊŀȮĝƞĺĵĶĺĭĶĺĴŐĬĺėŇħĪňŗĔĶŃěńħĔĶŃěŅĵĕŀĚ

ĽĴŅĝŇĔŒĬĪňĴŒľƟŏĮƦĬĶŃĭĭĶŃŏĭňĵĭȮĝƞĺĵŒľƟĽŅĴŅĶĩěņŐĬĔĽŅŏľĨŋľĸńĔŐĸŃĽŅŏľĨŋĶŀĚĕŀĚĮƤĠľŅœħƟŀĵƞŅĚ
ĝńħŏěĬȮĬņœĮĽŌƞĔŅĶĔņľĬħŐĬĺĪŅĚĔŅĶŐĔƟœĕĮƤĠľŅœħƟŀĵƞŅĚĨĶĚěŋħŐĸŃĴňĮĶŃĽŇĪīŇĳŅıȮŀĵƞŅĚœĶĔŖĨŅĴȮ
ŐįĬįńĚĽŅŏľĨŋŐĸŃįĸĵńĚĴňĕƟŀěņĔńħȮĔĸƞŅĺėŊŀȮĔŅĶĔņľĬħľńĺĕƟŀľĶŊŀőėĶĚĽĶƟŅĚĕŀĚŐįĬįńĚŀŅěĪņŒľƟ
ŐĬĺėŇħĕŀĚĽĴŅĝŇĔĕŅħėĺŅĴĵŊħľĵŋƞĬȮŐĸŃŀŅěěņĔńħĔŅĶŐĽħĚėĺŅĴėŇħŏľŖĬŀĵƞŅĚŀŇĽĶŃȮĬŀĔěŅĔĬňŘȮĔŅĶ
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ŒĝƟĚŅĬŐįĬįńĚĮĶŃŏĳĪĬňŘěņŏĮƦĬĨƟŀĚŀŅĻńĵįŌƟĪňŗĴňĪńĔļŃĽŌĚŒĬĔŅĶħņŏĬŇĬĔŅĶĶŃħĴėĺŅĴėŇħȮŏıŊŗŀŒľƟĽŅĴŅĶĩ
ħŉĚĻńĔĵĳŅıĕŀĚĪňĴŀŀĔĴŅœħƟŀĵƞŅĚŏĨŖĴĪňŗ  

2.1.1.3 ĔŅĶĺŇŏėĶŅŃľƢĺŇīňĔŅĶĪņĚŅĬħƟĺĵȮ3W+/H  
ŐĬĺėŇħȮ5W+1H ŏĮƦĬŐĬĺĪŅĚĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸŏĝŇĚőėĶĚĽĶƟŅĚȮ[3]ȮőħĵŀŅĻńĵĔŅĶĨńŘĚ

ėņĩŅĴŏıŊŗŀĺŇŏėĶŅŃľƢŐĸŃĮĶńĭĮĶŋĚĔĶŃĭĺĬĔŅĶĪņĚŅĬŀĵƞŅĚŏĮƦĬĶŃĭĭȮőħĵěŃĬņĴŅŒĝƟĳŅĵľĸńĚĔŅĶ
ĺŇŏėĶŅŃľƢħƟĺĵŐįĬįńĚĽŅŏľĨŋŐĸŃįĸȮŏıŊŗŀŏĽĶŇĴėĺŅĴĸŃŏŀňĵħŒĬĔŅĶĨĶĺěĽŀĭėĺŅĴŏľĴŅŃĽĴĕŀĚ
ĔĶŃĭĺĬĔŅĶĪņĚŅĬȮŐĸŃĝƞĺĵĔņľĬħŐĬĺĪŅĚĔŅĶıńĥĬŅĮĶńĭĮĶŋĚĪňŗŏľĴŅŃĽĴĵŇŗĚĕŉŘĬȮĔŅĶĨńŘĚėņĩŅĴ
ĽŅĴŅĶĩěņŐĬĔœħƟŏĮƦĬȮ6 ħƟŅĬľĸńĔ œħƟŐĔƞ 

1. What + ĔņĸńĚħņŏĬŇĬĔŅĶŀŃœĶȮŏıŊŗŀĵŘņŏĨŊŀĬĩŉĚŏĬŊŘŀľŅľĶŊŀĔŇěĔĶĶĴĕŀĚ
ĔĶŃĭĺĬĔŅĶ 

2. Why + ŏľĨŋŒħěŉĚĨƟŀĚħņŏĬŇĬĔŅĶħńĚĔĸƞŅĺȮŏıŊŗŀĨĶĺěĽŀĭĺńĨĩŋĮĶŃĽĚėƢŐĸŃėĺŅĴ
ěņŏĮƦĬĕŀĚĔĶŃĭĺĬĔŅĶ 

3. Where + ħņŏĬŇĬĔŅĶĪňŗŒħȮŏıŊŗŀĨĶĺěĽŀĭėĺŅĴŏľĴŅŃĽĴĕŀĚĽĩŅĬĪňŗĪņĚŅĬȮŐĸŃ
ıŇěŅĶĦŅĔŅĶĮĶńĭŏĮĸňŗĵĬľŅĔěņŏĮƦĬ 

4. When + ħņŏĬŇĬĔŅĶŏĴŊŗŀŒħȮŏıŊŗŀĪĭĪĺĬŏĺĸŅŐĸŃĸņħńĭĕńŘĬĨŀĬŒĬĔŅĶĪņĚŅĬŒľƟĴň
ĮĶŃĽŇĪīŇĳŅıĽŌĚĽŋħ 

ĳŅıĪňŗȮ0,1ȮŐįĬįńĚŐĽħĚĽŅŏľĨŋŐĸŃįĸȮ[1]ȮȮȮȮȮȮȮȮȮ 

 

ĳŅıĪňŗȮ2.0ȮĽńĠĸńĔļĦƢĪňŗŒĝƟŒĬĔŅĶŏĕňĵĬȮFlowchartĳŅıĪňŗȮ0,1ȮŐįĬįńĚŐĽħĚĽŅŏľĨŋŐĸŃįĸȮ

[4] 
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5. Who + ŒėĶľĶŊŀŏėĶŊŗŀĚěńĔĶŒħĪňŗĪņĚŅĬĬňŘŀĵŌƞȮŏıŊŗŀĮĶŃŏĴŇĬėĺŅĴŏľĴŅŃĽĴĕŀĚĔŅĶ
ĴŀĭľĴŅĵĚŅĬĶŃľĺƞŅĚėĬŐĸŃŏėĶŊŗŀĚěńĔĶ 

6. How + ħņŏĬŇĬĔŅĶŀĵƞŅĚœĶȮŏıŊŗŀĺŇŏėĶŅŃľƢĺŇīňĔŅĶĪņĚŅĬĪňŗĴňĮĶŃĽŇĪīŇĳŅıĽŌĚĽŋħȮĸħ
 ėĺŅĴĞńĭĞƟŀĬȮŐĸŃŏıŇŗĴėĺŅĴĽŃħĺĔŒĬĔŅĶĮĢŇĭńĨŇĚŅĬ 
ĔŅĶĮĶŃĵŋĔĨƢŒĝƟŐĬĺėŇħȮ5W+1H ŒĬĔŅĶıńĥĬŅĔĶŃĭĺĬĔŅĶĪņĚŅĬȮěŃĝƞĺĵŒľƟĽŅĴŅĶĩ

ŏĮĶňĵĭŏĪňĵĭĔĶŃĭĺĬĔŅĶŒľĴƞĔńĭĔĶŃĭĺĬĔŅĶŏħŇĴŀĵƞŅĚĶŀĭėŀĭȮŏıŊŗŀĵŊĬĵńĬĺƞŅĔŅĶĮĶńĭĮĶŋĚĪňŗ
ħņŏĬŇĬĔŅĶœĮĬńŘĬĽƞĚįĸŒľƟĮĶŃĽŇĪīŇĳŅıħňĕŉŘĬȮĸħőŀĔŅĽŏĔŇħėĺŅĴįŇħıĸŅħȮŐĸŃĽŅĴŅĶĩĸħėĺŅĴĽŌĠ
ŏĮĸƞŅŒĬĔĶŃĭĺĬĔŅĶœħƟŀĵƞŅĚŏĮƦĬĶŌĮīĶĶĴȮĽƞĚŏĽĶŇĴŒľƟŏĔŇħĔŅĶıńĥĬŅŀĵƞŅĚĨƞŀŏĬŊŗŀĚŒĬĶŃĭĭĔŅĶĪņĚŅĬ 

ĨńĺŀĵƞŅĚĔŅĶŒĝƟĚŅĬěĶŇĚĕŀĚȮ5W1H ŒĬĔŅĶĮĶńĭĮĶŋĚĔĶŃĭĺĬĔŅĶ 
ĽĩŅĬĔŅĶĦƢĽĴĴĨŇȮ ĔĶŃĭĺĬĔŅĶĮĶŃĔŀĭĝŇŘĬĚŅĬĴňėĺŅĴĸƞŅĝƟŅŐĸŃĕŀĚŏĽňĵĽŌĚ 

Á WhatȮȮȮĔņĸńĚĮĶŃĔŀĭĨńĺĩńĚŏėĶŊŗŀĚěńĔĶħƟĺĵĴŊŀȮŸȮŀŅěĪņŒľƟĵŉħœĴƞŐĬƞĬ 
Á Why ȮȮĨƟŀĚĮĶŃĔŀĭŏıŊŗŀėĺŅĴŐĕŖĚŐĶĚĕŀĚĨńĺŏėĶŊŗŀĚȮŐĨƞĕńŘĬĨŀĬĮƤěěŋĭńĬĪņŒľƟŏĽňĵŏĺĸŅŒĬĔŅĶěńħĺŅĚ 

Á WhereȮȮĽĩŅĬĪňŗĮĶŃĔŀĭŀĵŌƞœĔĸěŅĔıŊŘĬĪňŗĨĶĺěĽŀĭėŋĦĳŅıȮŸȮŏĽňĵŏĺĸŅŏħŇĬĵƟŅĵĚŅĬ 

Á WhenȮȮȮĔŅĶĮĶŃĔŀĭĪņľĸńĚĶńĭĝŇŘĬĚŅĬĴŅȮ2 ĺńĬȮŸȮŏĽňŗĵĚĨƞŀĔŅĶŏĽňĵľŅĵĶŃľĺƞŅĚĶŀ 

Á WhoȮȮȮȮȮıĬńĔĚŅĬŏıňĵĚȮ1 ėĬħŌŐĸĪńŘĚĮĶŃĔŀĭŐĸŃĨĶĺěĽŀĭȮŸȮĳŅĶŃĚŅĬĽŌĚ 
Á HowȮȮȮȮȮŒĝƟŏėĶŊŗŀĚĴŊŀıŊŘĬģŅĬŏĪƞŅĬńŘĬȮœĴƞĴňŀŋĮĔĶĦƢĝƞĺĵĵŉħ 

ŐĬĺĪŅĚĮĶńĭĮĶŋĚ 
Á ĵƟŅĵıŊŘĬĪňŗĮĶŃĔŀĭŒľƟŒĔĸƟėĸńĚŐĸŃěŋħĨĶĺěĽŀĭ 
Á ěńħĨŅĶŅĚĔŅĶĪņĚŅĬŒľĴƞȮŒľƟĮĶŃĔŀĭĪńĬĪňĪňŗœħƟĶńĭĝŇŘĬĚŅĬ 
Á ĬņŏėĶŊŗŀĚĴŊŀĝƞĺĵěńĭĵŉħĴŅŒĝƟŏıŊŗŀĸħŏĺĸŅŐĸŃĸħĕƟŀįŇħıĸŅħ 
Á ŏıŇŗĴěņĬĺĬıĬńĔĚŅĬȮľĶŊŀŀĭĶĴĔŅĶŒĝƟŏėĶŊŗŀĚĴŊŀŏĽĶŇĴ 

įĸĸńıīƢ 
Á ŏĺĸŅĮĶŃĔŀĭĸħĸĚȮ25% 
Á ěņĬĺĬĕŀĚŏĽňĵěŅĔĔŅĶĮĶŃĔŀĭĸħĸĚȮ40% 
Á ıĬńĔĚŅĬĴňėĺŅĴıŉĚıŀŒěŒĬĔŅĶĪņĚŅĬĴŅĔĕŉŘĬ 
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2.1.1.4 ĔŅĶĸħėĺŅĴĽŌĠŏĮĸƞŅĕŀĚĔĶŃĭĺĬĔŅĶħƟĺĵľĸńĔĔŅĶȮECRS  

   ŐĬĺėŇħȮEliminate, Combine, Rearrange, ŐĸŃȮSimplify (ECRS) ŏĮƦĬ
ŐĬĺĪŅĚŒĬĔŅĶĸħėĺŅĴĽŌĠŏĮĸƞŅŒĬĔĶŃĭĺĬĔŅĶĪņĚŅĬȮĞŉŗĚĬņĴŅŒĝƟľĸńĚěŅĔĔŅĶĺŇŏėĶŅŃľƢĽŅŏľĨŋŐĸŃ
įĸȮĶĺĴĩŉĚĔŅĶĨńŘĚėņĩŅĴĨŅĴŐĬĺėŇħȮ5W+1H ŏıŊŗŀĮĶŃŏĴŇĬėĺŅĴŏľĴŅŃĽĴĕŀĚŐĨƞĸŃĕńŘĬĨŀĬĔŅĶ
ĪņĚŅĬȮľŅĔıĭĺƞŅĔĶŃĭĺĬĔŅĶŏħŇĴœĴƞŏľĴŅŃĽĴȮěņŏĮƦĬĨƟŀĚľŅŐĬĺĪŅĚĮĶńĭĮĶŋĚȮŐĨƞľŅĔĔĶŃĭĺĬĔŅĶ
ĴňėĺŅĴŏľĴŅŃĽĴŐĸƟĺȮĵńĚĨƟŀĚıŇěŅĶĦŅĺƞŅĴňŐĬĺĪŅĚĪňŗħňĔĺƞŅľĶŊŀœĴƞȮĔĶŃĭĺĬĔŅĶĺŇŏėĶŅŃľƢŏľĸƞŅĬňŘĝƞĺĵ
ĶŃĭŋőŀĔŅĽŒĬĔŅĶıńĥĬŅĔĶŃĭĺĬĔŅĶįĸŇĨŒľƟĴňĮĶŃĽŇĪīŇĳŅıĽŌĚĽŋħ [3] 

2.1.1.4.1 ŀĚėƢĮĶŃĔŀĭľĸńĔĕŀĚŐĬĺėŇħȮECRS ĴňħńĚĬňŘ 
1) ĔŅĶĔņěńħȮ&Eliminate)Ȯ 
  ĔŅĶĺŇŏėĶŅŃľƢŏıŊŗŀĶŃĭŋŐĸŃĕěńħĕńŘĬĨŀĬĪňŗĔƞŀŒľƟŏĔŇħėĺŅĴĽŌĠŏĮĸƞŅȮőħĵŏĜıŅŃŀĵƞŅĚĵŇŗĚȮ

ėĺŅĴĽŌĠŏĽňĵĪńŘĚȮ7 ĮĶŃĔŅĶȮĞŉŗĚœĴƞĔƞŀŒľƟŏĔŇħĴŌĸėƞŅŏıŇŗĴŒĬĔĶŃĭĺĬĔŅĶįĸŇĨ 

2) ĔŅĶĶĺĴĔńĬȮ&Combine)Ȯ 
  ĔŅĶıŇěŅĶĦŅėĺŅĴŏĮƦĬœĮœħƟŒĬĔŅĶĶĺĴĕńŘĬĨŀĬĔŅĶĪņĚŅĬĪňŗėĸƟŅĵĔńĬȮľĶŊŀĸħĕńŘĬĨŀĬ
ĪňŗœĴƞěņŏĮƦĬȮŏıŊŗŀĝƞĺĵĸħĶŃĵŃŏĺĸŅȮėĺŅĴĵŋƞĚĵŅĔȮėĺŅĴĞńĭĞƟŀĬȮŐĸŃĸħĨƟĬĪŋĬĔŅĶįĸŇĨ 

3) ĔŅĶěńħŒľĴƞȮ&Rearrange)Ȯ 
  ĔŅĶĮĶńĭŏĮĸňŗĵĬĸņħńĭĕńŘĬĨŀĬľĶŊŀĔŅĶěńħĺŅĚĨņŐľĬƞĚĔĶŃĭĺĬĔŅĶĪņĚŅĬŒľĴƞȮŏıŊŗŀ

ĸħĔŅĶŏėĸŊŗŀĬĪňŗĪňŗœĴƞěņŏĮƦĬȮĸħŏĺĸŅĔŅĶĶŀėŀĵȮŐĸŃŏıŇŗĴėĺŅĴĨƞŀŏĬŊŗŀĚĕŀĚĔŅĶĪņĚŅĬ 

4) ĔŅĶĪņŒľƟĚƞŅĵȮ&Simplify)Ȯ 
 ĔŅĶŀŀĔŐĭĭľĶŊŀĮĶńĭĮĶŋĚŏėĶŊŗŀĚĴŊŀȮŀŋĮĔĶĦƢȮľĶŊŀĺŇīňĔŅĶĪņĚŅĬŒľƟĚƞŅĵȮĽŃħĺĔȮŐĸŃ

ŐĴƞĬĵņĴŅĔĵŇŗĚĕŉŘĬȮŏĝƞĬȮĔŅĶŒĝƟȮJig ľĶŊŀȮFixture ŏıŊŗŀŏıŇŗĴėĺŅĴŐĴƞĬĵņȮĸħőŀĔŅĽŏĔŇħĕŀĚŏĽňĵȮŐĸŃĸħ
ĔŅĶŏėĸŊŗŀĬœľĺĪňŗœĴƞěņŏĮƦĬ 
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2.1.1.5 ĔŅĶŏĕňĵĬįńĚĚŅĬȮ&Flowchart' 
 įńĚĚŅĬŏĮƦĬŏėĶŊŗŀĚĴŊŀĪňŗŒĝƟŐĽħĚĕńŘĬĨŀĬȮ[4]ȮľĶŊŀĔĶŃĭĺĬĔŅĶĪņĚŅĬĪňŗĔĶŃĝńĭȮŏĕƟŅŒě

ĚƞŅĵȮőħĵŒĝƟĽńĠĸńĔļĦƢĪňŗŏĮƦĬĴŅĨĶģŅĬŏħňĵĺĔńĬȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ0,0ȮőħĵŒĝƟĕƟŀėĺŅĴĽńŘĬŕȮŏıŊŗŀŀīŇĭŅĵ
ĕƟŀĴŌĸ*ȮįĸĸńıīƢ*ȮėņĽńŗĚľĶŊŀěŋħĨńħĽŇĬŒěĕŀĚĕńŘĬĨŀĬȮőħĵŏĝŊŗŀĴőĵĚĕńŘĬĨŀĬŏľĸƞŅĬńŘĬħƟĺĵŏėĶŊŗŀĚľĴŅĵŏĽƟĬ
ĪňŗĴňĸŌĔĻĶĝňŘĪŇĻĪŅĚĔŅĶĪņĚŅĬĨńŘĚŐĨƞŏĶŇŗĴĨƟĬěĬěĭĔĶŃĭĺĬĔŅĶȮħńĚĨńĺŀĵƞŅĚŒĬĳŅıĪňŗȮ0,1ȮŏĮƦĬŐįĬįńĚ
ĔĶŃĭĺĬĔŅĶĪňŗŐĽħĚĕńŘĬĨŀĬĔŅĶĨĶĺěĽŀĭŐĸŃŏĨŇĴĽŇĬėƟŅŒĬėĸńĚŀĵƞŅĚŏĮƦĬĶŃĭĭȮĨńŘĚŐĨƞĔŅĶĨĶĺěĬńĭ
ŐĸŃĭńĬĪŉĔĽŇĬėƟŅėĚŏľĸŊŀȮĔŅĶěńħĪņĶŅĵĔŅĶĽńŗĚĞŊŘŀȮĽƞĚĕƟŀĴŌĸŒľƟįŌƟěńħĔŅĶŐĸŃĽņĬńĔĚŅĬŒľĠƞĨĶĺěĶńĭ
ĽŇĬėƟŅŐĸŃĨĶĺěĽŀĭėĺŅĴĩŌĔĨƟŀĚĔƞŀĬěńħŏĔŖĭŏĕƟŅėĸńĚȮőħĵĴňěŋħėĺĭėŋĴėĺŅĴĩŌĔĨƟŀĚľĸŅĵěŋħŏıŊŗŀ
ĮƚŀĚĔńĬĕƟŀįŇħıĸŅħ 

ȮľĸńĔĔŅĶŏĕňĵĬįńĚĚŅĬȮ&Flowchart)  
1) įńĚĚŅĬĨƟŀĚĴňěŋħŏĶŇŗĴĨƟĬŐĸŃěŋħĽŇŘĬĽŋħŀĵƞŅĚĝńħŏěĬȮőħĵŒĝƟĽńĠĸńĔļĦƢĴŅĨĶģŅĬĪňŗ

ŏľĴŅŃĽĴȮıĶƟŀĴĕƟŀėĺŅĴŀīŇĭŅĵĽńŘĬȮĔĶŃĝńĭȮŐĸŃŏĕƟŅŒěĚƞŅĵȮľŅĔĴňĶŅĵĸŃŏŀňĵħŏıŇŗĴŏĨŇĴȮėĺĶĔņĔńĭħƟĺĵ
ľĴŅĵŏĸĕľĶŊŀĨńĺŀńĔļĶȮŐĸƟĺŀīŇĭŅĵŒĬĳŅėįĬĺĔľĶŊŀŏŀĔĽŅĶŐĬĭ 

2) ĔŅĶŒĝƟĸŌĔĻĶėĺĶĔņľĬħĪŇĻĪŅĚĔŅĶĪņĚŅĬěŅĔĭĬĸĚĸƞŅĚȮľĶŊŀĞƟŅĵœĮĕĺŅȮĨŅĴĸņħńĭ
ŏľĨŋĔŅĶĦƢȮőħĵĪŋĔĽńĠĸńĔļĦƢĨƟŀĚĴňĸŌĔĻĶŏĕƟŅŐĸŃŀŀĔȮĵĔŏĺƟĬěŋħŏĶŇŗĴĨƟĬĪňŗĴňŏĜıŅŃĸŌĔĻĶŀŀĔȮŐĸŃ
ěŋħĽŇŘĬĽŋħĪňŗĴňŏĜıŅŃĸŌĔĻĶŏĕƟŅ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ĳŅıĪňŗȮ2.0ȮĽńĠĸńĔļĦƢĪňŗŒĝƟŒĬĔŅĶŏĕňĵĬįńĚĚŅĬ 

 

ĳŅıĪňŗȮ2.0ȮĽńĠĸńĔļĦƢĪňŗŒĝƟŒĬĔŅĶŏĕňĵĬȮFlowchartȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 

 

ĳŅıĪňŗȮ2.0ȮĽńĠĸńĔļĦƢĪňŗŒĝƟŒĬĔŅĶŏĕňĵĬȮFlowchartȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 
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ĳŅıĪňŗȮ0,1ȮĨńĺŀĵƞŅĚĔŅĶŏĕňĵĬįńĚĚŅĬ 
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2.1.1.6 ȮŐįĬĳŌĴŇĔĶŃĭĺĬĔŅĶœľĸȮ&Flow Process Chart)Ȯ 
  ŐįĬĳŌĴŇĔĶŃĭĺĬĔŅĶœľĸȮ[4] ĩŊŀŏĮƦĬŏėĶŊŗŀĚĴŊŀĪňŗĴňėĺŅĴĽņėńĠŒĬĔŅĶĭńĬĪŉĔĕƟŀĴŌĸ
ŏĔňŗĵĺĔńĭĔĶŃĭĺĬĔŅĶĪņĚŅĬŀĵƞŅĚĸŃŏŀňĵħŐĸŃĔĶŃĝńĭȮőħĵŐįĬĳŌĴŇĮĶŃĔŀĭħƟĺĵŀĚėƢĮĶŃĔŀĭľĸńĔȮ
œħƟŐĔƞȮĽńĠĸńĔļĦƢĴŅĨĶģŅĬȮėņĭĶĶĵŅĵȮŐĸŃŏĽƟĬŏĝŊŗŀĴőĵĚȮŏıŊŗŀŐĽħĚĶŅĵĸŃŏŀňĵħĕŀĚŐĨƞĸŃĕńŘĬĨŀĬŒĬ
ĔĶŃĭĺĬĔŅĶįĸŇĨŀĵƞŅĚŏĮƦĬĸņħńĭĨńŘĚŐĨƞěŋħŏĶŇŗĴĨƟĬěĬĩŉĚěŋħĽŇŘĬĽŋħ 
  ĔŅĶŒĝƟŐįĬĳŌĴŇĔĶŃĭĺĬĔŅĶĝƞĺĵŒľƟĬńĔĺŇŏėĶŅŃľƢĽŅĴŅĶĩĴŀĚŏľŖĬĳŅıĶĺĴĕŀĚ
ĔĶŃĭĺĬĔŅĶįĸŇĨœħƟŀĵƞŅĚĝńħŏěĬȮŐĸŃĽŅĴŅĶĩĶŃĭŋěŋħĪňŗėĺĶĮĶńĭĮĶŋĚŏıŊŗŀŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶ
ħņŏĬŇĬĚŅĬœħƟȮŐįĬĳŌĴŇĬňŘŒĝƟĽņľĶńĭĺŇŏėĶŅŃľƢĔŅĶœľĸĕŀĚĺńĨĩŋħŇĭȮĝŇŘĬĽƞĺĬȮıĬńĔĚŅĬȮŐĸŃŀŋĮĔĶĦƢĪňŗ
ŏėĸŊŗŀĬĪňŗœĮŒĬĔĶŃĭĺĬĔŅĶĶƞĺĴĔńĭĔŇěĔĶĶĴĨƞŅĚȮŕ ħńĚŐĽħĚŒĬĳŅıĪňŗȮ2.5 
  ĔŅĶŐĽħĚĕƟŀĴŌĸŒĬŐįĬĳŌĴŇĔĶŃĭĺĬĔŅĶěŃŀƟŅĚŀŇĚĨŅĴĽńĠĸńĔļĦƢĴŅĨĶģŅĬȮ5 ĮĶŃŏĳĪȮȮȮȮ
ĪňŗĔņľĬħőħĵȮAmerican Society of Mechanical Engineers (ASME) ĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅȮœħƟŐĔƞ 
 /'ȮĺĚĔĸĴȮ&Operation) ŐĪĬȮĔŅĶĺŅĚŐįĬ*ȮĔŅĶėņĬĺĦ*ȮĔŅĶŒľƟėņĽńŗĚŐĸŃĔŅĶĶńĭėņĽńŗĚ 
 0'ȮĽňŗŏľĸňŗĵĴȮ&Inspection) ŐĪĬȮĔŅĶĨĶĺěĽŀĭėŋĦĳŅı*ȮĮĶŇĴŅĦŐĸŃėŋĦĸńĔļĦŃĕŀĚĺńĨĩŋ 
 1'ȮĸŌĔĻĶȮ&Transportation) ŐĪĬȮĔŅĶŏėĸŊŗŀĬĪňŗȮľĶŊŀȮıĬńĔĚŅĬĔņĸńĚŏħŇĬ 
 2'ȮėĶŉŗĚĺĚĔĸĴȮ&Delay) ŐĪĬȮĔŅĶėŀĵŏıŊŗŀŒľƟĝŇŘĬĚŅĬĨƞŀœĮŏĶŇŗĴĨƟĬ*ȮŏĔŖĭĺńĽħŋĝńŗĺėĶŅĺĶŃľĺƞŅĚĪņĚŅĬ 
 3'ȮĽŅĴŏľĸňŗĵĴȮ&Storage) ŐĪĬȮĔŅĶŏĔŖĭĺńĽħŋĪňŗŏĮƦĬŏĺĸŅĬŅĬȮľĶŊŀȮĔŅĶŏĔŖĭĩŅĺĶ 
 ĨńĺŀĵƞŅĚĔŅĶŒĝƟőħĵĴňĽńĠĸńĔļĦƢĕŀĚĕńŘĬĨŀĬĔŅĶĪņĚŅĬĪńŘĚȮ3ȮĔĸŋƞĴȮŒĬŐįĬĳŌĴŇĔĶŃĭĺĬĔŅĶœľĸȮ
&Flow Process Chart) ħńĚŐĽħĚŒĬĳŅıĪňŗȮ2.4 

 
 
 
 
 
 
 
 
 
 
 
 
 ĳŅıĪňŗȮ0,4ȮȮĸńĔļĦŃĔŇěĔĶĶĴĕńŘĬĨŀĬĔŅĶĪņĚŅĬŐĭĭĨƞŅĚŕ 
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ŐĬĺĪŅĚĔŅĶĺŇŏėĶŅŃľƢŐįĬĳŌĴŇĔĶŃĭĺĬĔŅĶœľĸ 
 1. ĔņľĬħĺńĨĩŋĮĶŃĽĚėƢŒĬĔŅĶĺŇŏėĶŅŃľƢŒľƟĝńħŏěĬȮŏĝƞĬȮĸħĔŅĶĮĶŇĴŅĦĔŅĶŏėĸŊŗŀĬĵƟŅĵȮľĶŊŀ
ŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĔŅĶįĸŇĨ 
 2. ĭƞĚĝňŘĔĶŃĭĺĬĔŅĶĪňŗĨƟŀĚĻŉĔļŅıĶƟŀĴĪńŘĚĶŅĵĸŃŏŀňĵħĕŀĚĔĶŃĭĺĬĔŅĶ 
 3. ĔņľĬħĺƞŅŏĮƦĬĔŅĶĺŇŏėĶŅŃľƢĔŅĶœľĸĕŀĚŏĶŊŗŀĚŒħŏĶŊŗŀĚľĬŉŗĚȮħńĚĬňŘ 
  įĸŇĨĳńĦĤƢȮ:ȮĔŅĶĪņĚŅĬĭĬįĸŇĨĳńĦĤƢĨńŘĚŏŏĨƞĔŅĶĬņĝŇŘĬĽƞĺĬľĶŊŀĺńĨĩŋħŇĭŏĕƟŅĽŌƞ
ĽŅĵĔŅĶįĸŇĨěĬĮĶŃĔŀĭŏĽĶŖěŏĮƦĬįĸŇĨĳńĦĤƢ 
  ıĬńĔĚŅĬȮ:ȮĔŅĶĮĢŇĭńĨŇĚŅĬĕŀĚıĬńĔĚŅĬŒĬĔŅĶĪņĚŅĬŏėĸŊŗŀĬĵƟŅĵĽŇŗĚĕŀĚȮŏŏĸŃĔŅĶŏħŇĬ
ŏėĶŊŗŀĚĴŊŀŀŋĮĔĶĦƢ,ȮĔŅĶőĵĔĵƟŅĵĕŀĚŏėĶŊŗŀĚĴŊŀľĶŊŀĔŅĶŒĝƟĚŅĬĕŀĚŀŋĮĔĶĦƢ 
 4. ŏĶŇŗĴĺŇŏėĶŅľƢěŅĔěŋħŏĶŇŗĴĨƟĬȮĭńĬĪŉĔĔŅĶĪņĚŅĬĨŅĴĪňŗŏĔŇħĕŉŘĬŀĵƞŅĚĸŃŏŀňĵħĪŋĔĕńŘĬĨŀĬȮıĶƟŀĴ
ĪńŘĚĭĶĶĵŅĵĽńŘĬŕȮĩŉĚĸńĔļĦŃĚŅĬĪňŗŏĔŇħĕŉŘĬ 
 5. ŏĔŖĭĕƟŀĴŌĸĶŅĵĸŃŏŀňĵħĪňŗŏĔňŗĵĺĕƟŀĚ 
 6. őĵĚŏĽƟĬĶŃľĺƞŅĚĽńĠĸńĔļĦƢěŅĔĭĬĸĚĸƞŅĚ 
 7. ĽĶŋĮĕńŘĬĨŀĬĔŅĶĮĢŇĭńĨŇĚŅĬĸĚŒĬĨŅĶŅĚĽĶŋĮįĸ 

ĕƟŀėĺĶĶŃĺńĚ 
 /,ȮœĴƞėĺĶĺŇŏėĶŅŃľƢŐįĬĳŌĴŇĔŅĶœľĸĕŀĚĝŇŘĬĽƞĺĬĮŃĮĬĔńĭŐįĬĳŌĴŇĔŅĶŏėĸŊŗŀĬĕŀĚıĬńĔĚŅĬȮ
ŏıĶŅŃıĬńĔĚŅĬŐĸŃĝŇŘĬĽƞĺĬŀŅěœĴƞŏėĸŊŗŀĬĪňŗœĮıĶƟŀĴĔńĬ 
 2. ıŉĚĶŃĺńĚŒĬĔŅĶŐĵĔĔŇěĔĶĶĴĔŅĶĮĢŇĭńĨŇĚŅĬĪňŗĨƞŅĚĺńĨĩŋĮĶŃĽĚėƢŀŀĔěŅĔĔńĬ 
 3. ĭńĬĪŉĔĶŅĵĸŃŏŀňĵħĕŀĚĚŅĬĸĚĭĬŐįĬĳŌĴŇĔƞŀĬŏĶŇŗĴĨƟĬĔŅĶĺŇŏėĶŅŃľƢŏĽĴŀ 

ĮĶŃőĵĝĬƢŒĝƟĚŅĬĕŀĚŐįĬĳŌĴŇĔĶŃĭĺĬĔŅĶœľĸ 
 1. ŏĮƦĬŐįĬĳŌĴŇĪňŗěņŐĬĔĔŇěĔĶĶĴĨƞŅĚȮŕȮŀŀĔěŅĔĔńĬŏĮƦĬȮ5ȮĮĶŃŏĳĪȮőħĵŏĶŇŗĴěŅĔȮĔŇěĔĶĶĴĪňŗȮ
ĴňĴŌĸėƞŅŏıŇŗĴœħƟŐĔƞĔŅĶĮĢŇĭńĨŇĚŅĬœĮěĬĩŉĚĔŇěĔĶĶĴĪňŗœĴƞĔƞŀŒľƟŏĔŇħĴŌĸėƞŅ 
 2. ŐĵĔŐĵŃĔŇěĔĶĶĴĕŀĚıĬńĔĚŅĬŀŀĔěŅĔĔŇěĔĶĶĴĪňŗĪņĭĬįĸŇĨĳńĦĤƢȮĪņŒľƟĽŅĴŅĶĩĴŀĚȮŏľŖĬ
ěŋħŏĬƟĬŒĬĔŅĶĺŇŏėĶŅŃľƢœħƟŀĵƞŅĚĝńħŏěĬ 
 3. ŒĝƟėĺĭėŌƞœĮĔńĭŐįĬĳŅıĔŅĶœľĸȮěŃĝƞĺĵĝňŘŒľƟŏľŖĬĔŅĶĶŀėŀĵŐĸŃĶŃĵŃĪŅĚĔŅĶŏėĸŊŗŀĬĪňŗ 
 4. ĽŅĴŅĶĩŒĝƟŐįĬĳŌĴŇŏħňĵĺĔńĬŏıŊŗŀŏĮĶňĵĭŏĪňĵĭŐĽħĚįĸĔƞŀĬŐĸŃľĸńĚĔŅĶĮĶńĭĮĶŋĚ 
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ĳŅıĪňŗȮ2.5ȮĨńĺŀĵƞŅĚĔŅĶĔĶŀĔĕƟŀĴŌĸŒĬŐįĬįńĚĔŅĶœľĸĕŀĚĺńĽħŋ  
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0,/,0ȮįĸŇĨĳńĦĤƢŏĴĸŖħĔŅŐĲ 

 0,/,0,/ȮĔŅĶįĸŇĨŏĴĸŖħĔŅŐĲ 

  ĔŅŐĲĬńĭŏĮƦĬľĬŉŗĚŒĬıŊĝŏĻĶļģĔŇěĪňŗĴňėĺŅĴĽņėńĠĨƞŀĮĶŃŏĪĻœĪĵ [0]ȮőħĵĽĶƟŅĚ
ĶŅĵœħƟŒľƟŐĔƞŏĔļĨĶĔĶŒĬŐĨƞĸŃĮƖĮĶŃĴŅĦȮ2,000 ĸƟŅĬĭŅĪȮŒĬŀħňĨȮŏĔļĨĶĔĶĬŇĵĴĕĵŅĵıńĬīŋƢĔŅŐĲĪńŘĚ
ıńĬīŋƢŀŃĶŅĭŇĔŅȮ&Coffea arabica) ŐĸŃőĶĭńĽĨŅȮ&Coffea robusta) ħƟĺĵĔŅĶŏıŅŃŏĴĸŖħŏĮƦĬľĸńĔȮ
ĽņľĶńĭĽĩŅĬĔŅĶĦƢħƟŅĬĔŅĶėƟŅĶŃľĺƞŅĚĮĶŃŏĪĻŒĬĮƖȮ2562 ıĭĺƞŅĔŅĶĽƞĚŀŀĔŏĴĸŖħĔŅŐĲħŇĭĴňĮĶŇĴŅĦȮ
383.33 ĨńĬȮėŇħŏĮƦĬĴŌĸėƞŅȮ84.33 ĸƟŅĬĭŅĪȮĸħĸĚěŅĔĮƖĔƞŀĬľĬƟŅĪńŘĚŒĬħƟŅĬĮĶŇĴŅĦŐĸŃĴŌĸėƞŅĶƟŀĵĸŃȮ
18.26 ŐĸŃȮ8.33 ĨŅĴĸņħńĭȮĕĦŃĪňŗĔŅŐĲėńŗĺĴňĮĶŇĴŅĦĽƞĚŀŀĔȮ145.48 ĨńĬȮĴŌĸėƞŅȮ40.17 ĸƟŅĬĭŅĪȮ
ĸħĸĚĶƟŀĵĸŃȮ11.29 ŐĸŃȮ10.73 ħƟŅĬĔŅŐĲĽņŏĶŖěĶŌĮĽƞĚŀŀĔȮ2,666.70 ĨńĬȮĴŌĸėƞŅȮ574.40 ĸƟŅĬĭŅĪȮ
ĸħĸĚĶƟŀĵĸŃȮ32.48 ŐĸŃȮ13.23 ĨŅĴĸņħńĭȮĽƞĺĬĔŅĶĬņŏĕƟŅŏĴĸŖħĔŅŐĲħŇĭĴňĮĶŇĴŅĦȮ44,831 ĨńĬȮ
ĴŌĸėƞŅȮ2,523 ĸƟŅĬĭŅĪȮĸħĸĚĶƟŀĵĸŃȮ28.45 ŐĸŃȮ35.00 ĽƞĺĬĔŅŐĲėńŗĺĬņŏĕƟŅȮ3,238 ĨńĬȮĴŌĸėƞŅȮ822 
ĸƟŅĬĭŅĪȮŏıŇŗĴĕŉŘĬĶƟŀĵĸŃȮ59.66 ŐĸŃȮ35.86 ĽņľĶńĭĔŅŐĲĽņŏĶŖěĶŌĮȮŐĴƟĮĶŇĴŅĦĬņŏĕƟŅŏıŇŗĴĕŉŘĬŏĸŖĔĬƟŀĵ
ĶƟŀĵĸŃȮ0.05 ŏĮƦĬȮ7,212 ĨńĬȮŐĨƞĴŌĸėƞŅĔĸńĭĸħĸĚĶƟŀĵĸŃȮ9.99 ŏľĸŊŀȮ1,837 ĸƟŅĬĭŅĪȮħƟŅĬĶŅėŅĔŅŐĲ
ŒĬĮĶŃŏĪĻĝƞĺĚĮƖȮ2562+0343 (Ĩ,ė,Ȯ62 ů Ĕ,ı,Ȯ63) ıĭĺƞŅĶŅėŅŏĴĸŖħĔŅŐĲőĶĭńĽĨŅĪňŗŏĔļĨĶĔĶĕŅĵœħƟ
ŏĜĸňŗĵŀĵŌƞĪňŗȮ66.75 ĭŅĪĨƞŀĔŇőĸĔĶńĴȮŏıŇŗĴĕŉŘĬĶƟŀĵĸŃȮ1.47 ĽņľĶńĭıŊŘĬĪňŗŏıŅŃĮĸŌĔĔŅŐĲŒĬĮƖŏħňĵĺĔńĬĴň
ıŊŘĬĪňŗŒľƟįĸįĸŇĨĶĺĴȮ214,294 œĶƞȮŐĭƞĚŏĮƦĬıńĬīŋƢŀŃĶŅĭŇĔŅȮ87,159 œĶƞȮŐĸŃıńĬīŋƢőĶĭńĽĨŅȮ127,135 œĶƞȮ
ĶĺĴįĸįĸŇĨĪńŘĚĽŇŘĬȮ18,598 ĨńĬȮőħĵĳŅėŒĨƟĴňĽńħĽƞĺĬıŊŘĬĪňŗĽŌĚĽŋħĶƟŀĵĸŃȮ58.47 ĶŀĚĸĚĴŅėŊŀĳŅėŏľĬŊŀȮ
ĔŅĶŏĸŊŀĔĮĸŌĔĽŅĵıńĬīŋƢĔŅŐĲĴńĔıŇěŅĶĦŅěŅĔĸńĔļĦŃĳŌĴŇĮĶŃŏĪĻȮŏĝƞĬȮŀŃĶŅĭŇĔŅĞŉŗĚŏľĴŅŃĔńĭıŊŘĬĪňŗĽŌĚȮ
800ů1,200 ŏĴĨĶěŅĔĶŃħńĭĬŘņĪŃŏĸȮĬŇĵĴŒĬĨĸŅħıĶňŏĴňĵĴŏĬŊŗŀĚěŅĔŒľƟĔĸŇŗĬŐĸŃĶĽħňȮĽƞĺĬőĶĭńĽĨŅ
ĝŀĭıŊŘĬĪňŗĝŋƞĴĝŊŘĬȮĮĸŌĔĚƞŅĵȮœħƟįĸįĸŇĨĽŌĚȮŏľĴŅŃĔńĭıŊŘĬĪňŗĽŌĚĶŅĺȮ500ů600 ŏĴĨĶȮŐĸŃĬŇĵĴĮĸŌĔŒĬĳŅėŒĨƟ
ĕŀĚœĪĵȮŏĝƞĬȮěńĚľĺńħĝŋĴıĶȮĽŋĶŅļġĶƢīŅĬňȮŐĸŃĬėĶĻĶňīĶĶĴĶŅĝȮ 

 0,/,2,2ȮıńĬīŋƢĔŅŐĲ 

 1'ȮĔŅŐĲıńĬīŋƢŀŃĶŅĭŇĔŅȮ&Arabica)Ȯ 

  ŏĮƦĬıńĬīŋƢĔŅŐĲĪňŗĬŇĵĴĮĸŌĔĴŅĔĪňŗĽŋħŒĬĨĸŅħőĸĔĴňĮĶŇĴŅĦĩŉĚȮ80% ĕŀĚĨĸŅħĔŅŐĲ
őĸĔȮŐĨƞĴňĮĶŇĴŅĦŏıňĵĚȮ1 ŒĬȮ8 ĪňŗĴňėŋĦĳŅıĽŌĚȮĽŅĴŅĶĩĮĸŌĔŒĬıŊŘĬĪňŗĽŌĚȮ800ȮŏĴĨĶȮĩŉĚ1,200 ŏĴĨĶȮěŅĔ
ĶŃħńĭĬŘņĪŃŏĸȮĪņŒľƟŏĴĸŖħĔŅŐĲĪňŗĴňėŋĦĳŅıȮĔĸŇŗĬľŀĴȮŐĸŃĶĽĝŅĨŇŏħƞĬȮ[0] 

 0'ȮĔŅŐĲıńĬīŋƢőĶĭńĽĨŅȮ&Robusta) 

  ŏĮƦĬıńĬīŋƢĔŅŐĲĪňŗĨƟŀĚĔŅĶėĺŅĴĝŊŘĬĽŌĚȮĪĬĪŅĬȮĮĸŌĔĚƞŅĵȮŒľƟįĸįĸŇĨĽŌĚȮĮĸŌĔœħƟŒĬıŊŘĬĪňŗ
ĽŌĚȮ500ȮŏĴĨĶȮĩŉĚȮ600 ŏĴĨĶěŅĔĶŃħńĭĬŘņĪŃŏĸȮŒĬĮĶŃŏĪĻœĪĵĬŇĵĴĮĸŌĔŒĬĳŅėŒĨƟȮŏĝƞĬȮěńĚľĺńħĝŋĴıĶ*ȮȮȮȮȮȮȮ
ěńĚľĺńħĽŋĶŅļġĶƢīŅĬňȮŐĸŃěńĚľĺńħĬėĶĻĶňīĶĶĴĶŅĝȮ[0] 
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  ěŅĔģŅĬĕƟŀĴŌĸıńĬīŋĔĶĶĴıŊĝĕŀĚĔĶĴĺŇĝŅĔŅĶŏĔļĨĶȮĔĶŃĪĶĺĚŏĔļĨĶŐĸŃĽľĔĶĦƢȮ
ĔŅŐĲőĶĭńĽĨƟŅœħƟĶńĭĔŅĶěńħĮĶŃŏĳĪŏĮƦĬıŊĝĽĺĬŒĬĔĸŋƞĴıŊĝŀŋĨĽŅľĔĶĶĴȮőħĵĴňĕƟŀĴŌĸĪŅĚıķĔļĻŅĽĨĶƢ
ĶŃĭŋĝŊŗŀĺŇĪĵŅĻŅĽĨĶƢĺƞŅȮCoffea canephora ŀĵŌƞŒĬĺĚĻƢȮRUBIACEAE ŐĸŃĽĔŋĸȮCoffea 
ĔĶŃĭĺĬĔŅĶıńĥĬŅĽŅĵıńĬīŋƢĔŅŐĲőĶĭńĽĨƟŅŒĬĮĶŃŏĪĻœĪĵŏĶŇŗĴĨƟĬŒĬĮƖȮı,Ļ,Ȯ0310ȮőħĵĴňĔŅĶħņŏĬŇĬĔŅĶ
ĽŀĚŐĬĺĪŅĚľĸńĔȮœħƟŐĔƞȮĔŅĶĶĺĭĶĺĴıńĬīŋƢĳŅĵŒĬĮĶŃŏĪĻěŅĔŐľĸƞĚĮĸŌĔĨƞŅĚȮŕȮŏıŊŗŀėńħŏĸŊŀĔıńĬīŋƢĪňŗ
ŏľĴŅŃĽĴȮŐĸŃĔŅĶĬņŏĕƟŅĽŅĵıńĬīŋƢěŅĔĨƞŅĚĮĶŃŏĪĻŏıŊŗŀĬņĴŅĪħĽŀĭėĺŅĴŏľĴŅŃĽĴħƟŅĬėŋĦĳŅıŐĸŃ
ĔŅĶŏěĶŇĠŏĨŇĭőĨȮŐĬĺĪŅĚľĸńĚĬňŘŏĶŇŗĴĕŉŘĬŒĬĮƖȮı,Ļ,Ȯ0312ȮőħĵĻŌĬĵƢĺŇěńĵıŊĝĽĺĬĝŋĴıĶœħƟĶńĭĔŅĶĽĬńĭĽĬŋĬ
ıńĬīŋƢěŅĔĭĶŇļńĪŏĬĽĪƢŏĸƞȮ&œĪĵ'ȮĞŉŗĚĶĺĭĶĺĴĽŅĵıńĬīŋƢěŅĔĻŌĬĵƢĺŇěńĵŏĬĽĪƢŏĸƞŒĬİĶńŗĚŏĻĽŐĸŃĴŅŏĸŏĞňĵȮ
ěņĬĺĬĶĺĴȮ23ȮĽŅĵıńĬīŋƢȮĞŉŗĚĽƞĺĬŒľĠƞěńħŀĵŌƞŒĬĔĸŋƞĴıńĬīŋĔĶĶĴȮGuinean (G) ŐĸŃȮCongolese (C) 
ľĶŊŀŏĮƦĬĸŌĔįĽĴĕŀĚĪńŘĚĽŀĚĔĸŋƞĴĬňŘȮľĸńĚěŅĔĔŅĶĪħĽŀĭŐĸŃĮĶŃŏĴŇĬįĸĴŅŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮŒĬĝƞĺĚĮƖȮı,Ļ,Ȯ
0321ů0327ȮĪŅĚĻŌĬĵƢĺŇěńĵĽŅĴŅĶĩėńħŏĸŊŀĔıńĬīŋƢĪňŗĴňĻńĔĵĳŅıĽŌĚěņĬĺĬȮ3ȮıńĬīŋƢȮŐĸŃŒĬĮƖȮı,Ļ,Ȯ033.Ȯ
œħƟıńĥĬŅŐĸŃŏĽĬŀıńĬīŋƢŏħƞĬȮėŊŀȮFRT43ȮĞŉŗĚŀĵŌƞŒĬĔĸŋƞĴȮCongolese őħĵĴňŐľĸƞĚĔņŏĬŇħŒĬĮĶŃŏĪĻőĨőĔȮ
ŐĸŃįƞŅĬĔŅĶĶĺĭĶĺĴőħĵȮCIRAD (Centre de Coopération Internationale en Recherche 
Agronomique pour le Développement) ĔƞŀĬĩŌĔĽƞĚœĮĵńĚĻŌĬĵƢĺŇěńĵŏĬĽĪƢŏĸƞĮĶŃŏĪĻİĶńŗĚŏĻĽŒĬĮƖȮ
ı,Ļ,Ȯ0310ȮŐĸŃĬņŏĕƟŅĮĶŃŏĪĻœĪĵŒĬĮƖȮı,Ļ,Ȯ0316ȮĔŅĶėńħŏĸŊŀĔıńĬīŋƢħńĚĔĸƞŅĺŒĝƟŏĺĸŅĺŇěńĵĪńŘĚĽŇŘĬȮ/1ȮĮƖȮ
ĨńŘĚŐĨƞĮƖȮı,Ļ,Ȯ0316ȮĩŉĚȮ033.ȮěŉĚĽŅĴŅĶĩıńĥĬŅŏĮƦĬıńĬīŋƢĪňŗŏľĴŅŃĽĴĨƞŀėĺŅĴĨƟŀĚĔŅĶĕŀĚĨĸŅħĪńŘĚ
ħƟŅĬėŋĦĳŅıŏĴĸŖħŐĸŃĸńĔļĦŃĪŅĚĔŅĶŏĔļĨĶ 

 2.1.2.3 ĸńĔļĦŃĕŀĚıńĬīŋƢĔŅŐĲőĶĭńĽĨƟŅ 
   ĨƟĬĔŅŐĲőĶĭńĽĨƟŅȮĸńĔļĦŃĪĶĚıŋƞĴĕĬŅħĮŅĬĔĸŅĚȮŒĭĴňĽňŏĕňĵĺŏĕƟĴĽħȮ
ěņĬĺĬįĸŏĜĸňŗĵĨƞŀĕƟŀŀĵŌƞĪňŗȮ11.85 įĸȮħŀĔĴňĽňĕŅĺĽŃŀŅħȮįĸĴňĸńĔļĦŃĔĸĴĶňȮĮĸŅĵĴĬȮĕĬŅħįĸŏĜĸňŗĵ
ŀĵŌƞĪňŗȮ1.18 × 1.32 ŏĞĬĨŇŏĴĨĶȮĕĦŃĪňŗŏĴĸŖħŐľƟĚĴňĕĬŅħŏĜĸňŗĵȮ0.64 × 0.84 × 0.35 ŏĞĬĨŇŏĴĨĶȮőħĵ
ĬŘņľĬńĔȮ100 ŏĴĸŖħŐľƟĚŏĪƞŅĔńĭȮ16.2 ĔĶńĴȮėĺŅĴĵŅĺŏĜĸňŗĵĕŀĚĔƟŅĬĝƞŀħŀĔŀĵŌƞĪňŗȮ78.72 ŏĞĬĨŇŏĴĨĶȮŐĸŃ
ĴňěņĬĺĬĕƟŀĪňŗŒľƟįĸįĸŇĨŏĜĸňŗĵȮ18.04 ĕƟŀȮĸńĔļĦŃįĸŏĴŊŗŀŐĔƞĵńĚėĚĴňĽňŏĕňĵĺȮŐĸŃěŃŏĮĸňŗĵĬŏĮƦĬĽňŐħĚŏĴŊŗŀ
ŏĕƟŅĽŌƞĶŃĵŃĽŋĔŏĨŖĴĪňŗıĶƟŀĴŏĔŖĭŏĔňŗĵĺȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ2.6 
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2.1.1 ĔŅĶŐĮĶĶŌĮŏĴĸŖħĔŅŐĲ 

 ĺŇīňĔŅĶŐĮĶĶŌĮĔŅŐĲȮ[5]ȮĴňĭĪĭŅĪĽņėńĠŀĵƞŅĚĵŇŗĚĨƞŀĔŅĶĔņľĬħėŋĦĳŅıŐĸŃĶĽĝŅĨŇĕŀĚ
įĸįĸŇĨĔŅŐĲŒĬĕńŘĬĽŋħĪƟŅĵȮĔŅĶŏĸŊŀĔĺŇīňĔŅĶŐĮĶĶŌĮĪňŗŏľĴŅŃĽĴœĴƞŏıňĵĚŐĨƞĝƞĺĵŏĽĶŇĴĽĶƟŅĚėŋĦĸńĔļĦŃĪňŗ
ĞƞŀĬŀĵŌƞŒĬŏĴĸŖħĔŅŐĲŒľƟőħħŏħƞĬĕŉŘĬȮŐĨƞĵńĚĽƞĚįĸőħĵĨĶĚĨƞŀĔŅĶŏıŇŗĴĴŌĸėƞŅĪŅĚĔŅĶĨĸŅħȮŐĸŃĝƞĺĵĽĶƟŅĚ
ĶŅĵœħƟĪňŗĽŌĚĕŉŘĬŒľƟŐĔƞŏĔļĨĶĔĶįŌƟĮĸŌĔĔŅŐĲȮŐĸŃľĬŉŗĚŒĬĕńŘĬĨŀĬĪňŗĽņėńĠĪňŗĽŋħŒĬĔŅĶŏıŇŗĴėŋĦĳŅıĔŅŐĲȮ
ėŊŀĔŅĶıńĥĬŅĺŇīňĔŅĶŐĵĔŏĴĸŖħĔŅŐĲŀŀĔěŅĔįĸĔŅŐĲĽŋĔŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıȮőħĵŐĨƞĸŃıŊŘĬĪňŗĔŅĶ
ĮĸŌĔĔŅŐĲĪńŗĺőĸĔĴňĸńĔļĦŃĪŅĚĽĳŅıŐĺħĸƟŀĴŏĜıŅŃĨńĺȮľĶŊŀĪňŗŏĶňĵĔĺƞŅȮŴŐĪė+ėńĺėƢŵȮ&Terroir) ȮȮȮȮȮȮ
ĞŉŗĚĽƞĚįĸŒľƟĔŅŐĲŒĬŐĨƞĸŃıŊŘĬĪňŗĴňŏŀĔĸńĔļĦƢŏĜıŅŃĨńĺȮĪńŘĚŒĬħƟŅĬĔĸŇŗĬȮĶĽĝŅĨŇȮŐĸŃėŋĦĳŅıȮĪņŒľƟ
ĽŅĴŅĶĩĽĶƟŅĚĴŌĸėƞŅŏıŇŗĴŒĬĨĸŅħŏĜıŅŃĔĸŋƞĴœħƟȮŏĝƞĬŏħňĵĺĔńĭįĸŇĨĳńĦĤƢėŋĦĳŅıĽŌĚŀĵƞŅĚœĺĬƢȮĝŖŀĔőĔŐĸĨȮ
ŐĸŃĝňĽȮłĸłȮŐĸŃŐĬĺőĬƟĴĕŀĚĨĸŅħĔŅŐĲĝĬŇħıŇŏĻļȮ&Specialty Coffee) ĪňŗĕĵŅĵĨńĺŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮ
œħƟŏĬƟĬĔŅĶŐĽĺĚľŅĔŅŐĲĪňŗĴňĸńĔļĦŃŏĜıŅŃěŅĔŐľĸƞĚĮĸŌĔŏħňĵĺȮŏıŊŗŀĽĶƟŅĚĮĶŃĽĭĔŅĶĦƢĔŅĶĭĶŇőĳėĪňŗ
ŐĨĔĨƞŅĚŐĸŃĴňėŋĦėƞŅȮőħĵĔĶŃĭĺĬĔŅĶŐĮĶĶŌĮĔŅŐĲĪňŗŏľĴŅŃĽĴěŉĚĴňĭĪĭŅĪĽņėńĠĨƞŀĔŅĶĵĔĶŃħńĭ
ĔŅŐĲěŅĔŐľĸƞĚĮĸŌĔĨƞŅĚȮŕȮŒľƟĽŅĴŅĶĩĨŀĭőěĪĵƢĨĸŅħıĶňŏĴňĵĴœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıȮĪńŘĚĬňŘȮœĴƞĴň
ĺŇīňĔŅĶŐĮĶĶŌĮŒħĪňŗĽŅĴŅĶĩĶŃĭŋœħƟĺƞŅŏĮƦĬĺŇīňĪňŗħňĪňŗĽŋħĽņľĶńĭĔŅŐĲĪŋĔĮĶŃŏĳĪȮĔĶŃĭĺĬĔŅĶŐĮĶĶŌĮĪňŗħň

ĳŅıĪňŗȮ2.6ȮĸńĔļĦŃįĸĔŅŐĲőĶĭńĽĨƟŅ 
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ĨƟŀĚĽŅĴŅĶĩĶńĔļŅėŋĦĳŅıŒľƟŀĵŌƞŒĬĶŃħńĭĴŅĨĶģŅĬĽŌĚȮıĶƟŀĴĪńŘĚĽŀħėĸƟŀĚĔńĭĽĳŅııŊŘĬĪňŗŐĸŃ
ĺńĨĩŋĮĶŃĽĚėƢĪŅĚĔŅĶĨĸŅħȮħńĚĬńŘĬĔŅĶĪņėĺŅĴŏĕƟŅŒěıŊŘĬģŅĬĕŀĚėŋĦĳŅıĔŅŐĲŐĸŃŀĚėƢĮĶŃĔŀĭľĸńĔ
ĕŀĚĔŅĶŐĮĶĶŌĮȮěŉĚŏĮƦĬĔŋĠŐěĽņėńĠĕŀĚŀĚėƢĮĶŃĔŀĭıŊŘĬģŅĬȮ1ȮĮĶŃĔŅĶȮĪňŗĽƞĚįĸĨƞŀėŋĦĳŅıĔŅŐĲ
ŐĸŃĨƟŀĚœħƟĶńĭĔŅĶėĺĭėŋĴŒĬĔĶŃĭĺĬĔŅĶŐĮĶĶŌĮȮœħƟŐĔƞȮĔŅĶŏĸŊŀĔŏĔŖĭįĸĔŅŐĲŀĵƞŅĚĩŌĔĨƟŀĚ*
ĔĶŃĭĺĬĔŅĶľĴńĔȮŐĸŃĔŅĶėĺĭėŋĴĮĶŇĴŅĦėĺŅĴĝŊŘĬ 

 ĔĶŃĭĺĬĔŅĶŐĮĶĶŌĮĔŅŐĲľĸńĚĔŅĶŏĔŖĭŏĔňŗĵĺĴňĭĪĭŅĪĽņėńĠĨƞŀėŋĦĳŅıĶĽĝŅĨŇŐĸŃ
ėŋĦĸńĔļĦŃĪŅĚĔŅĵĳŅıĕŀĚŏĴĸŖħĔŅŐĲȮ[5]ȮőħĵĺŇīňĔŅĶĪňŗŒĝƟĔńĬŀĵƞŅĚŐıĶƞľĸŅĵĽŅĴŅĶĩěņŐĬĔœħƟŏĮƦĬȮ     
1ȮĶŌĮŐĭĭľĸńĔȮœħƟŐĔƞȮĔŅĶŐĮĶĶŌĮŐĭĭŏĮƖĵĔȮ&Washed Process), ĔŅĶŐĮĶĶŌĮŐĭĭŐľƟĚȮ&Dry Natural 
Process) ŐĸŃĔŅĶŐĮĶĶŌĮŐĭĭįĽĴȮľĶŊŀĪňŗŏĶňĵĔĺƞŅŐĭĭĬŘņįŉŘĚȮ&Pulped Natural ľĶŊŀȮHoney 
Process) ĞŉŗĚŐĨƞĸŃĺŇīňĴňŐĬĺĪŅĚĮĢŇĭńĨŇĪňŗŐĨĔĨƞŅĚĔńĬĕŉŘĬŀĵŌƞĔńĭĮƤěěńĵħƟŅĬĽŇŗĚŐĺħĸƟŀĴȮĽĳŅıŀŅĔŅĻȮ
ĮĶŃŏĳĪĕŀĚĽŅĵıńĬīŋƢĔŅŐĲȮŐĸŃěŋħĮĶŃĽĚėƢĕŀĚįŌƟįĸŇĨȮĪńŘĚŒĬħƟŅĬĮĶŇĴŅĦįĸįĸŇĨŐĸŃĔŅĶĽĶƟŅĚ
ŏŀĔĸńĔļĦƢħƟŅĬĶĽĝŅĨŇȮĔĶŃĭĺĬĔŅĶĪńŘĚĽŅĴŐĭĭĴňĶŅĵĸŃŏŀňĵħĪňŗŐĨĔĨƞŅĚĔńĬȮŐĸŃĽŅĴŅĶĩŏĸŊŀĔŒĝƟŀĵƞŅĚ
ŏľĴŅŃĽĴĨŅĴĭĶŇĭĪĕŀĚŐľĸƞĚĮĸŌĔŐĸŃĶŃĭĭĔŅĶįĸŇĨ ħńĚĬňŘ 

 2.1.3.1 ĔŅĶŐĮĶĶŌĮĔŅŐĲŐĭĭŏĮƖĵĔȮ&Washed Process) 

  ĔŅĶŐĮĶĶŌĮĔŅŐĲŐĭĭŏĮƖĵĔȮ[5]ȮŏĮƦĬĔĶŃĭĺĬĔŅĶĪňŗŀŅĻńĵĬŘņŏĮƦĬĨńĺĔĸŅĚŒĬĔŅĶŐĵĔ
ĽƞĺĬĨƞŅĚȮŕȮĕŀĚįĸĔŅŐĲŀŀĔěŅĔŏĴĸŖħȮőħĵŏĶŇŗĴĨƟĬěŅĔĔŅĶĬņįĸĔŅŐĲĽŋĔŏĕƟŅĽŌƞŏėĶŊŗŀĚĽňŏĮƖĵĔȮĞŉŗĚěŃĪņ
ľĬƟŅĪňŗŐĵĔŏĮĸŊŀĔŐĸŃŏĬŊŘŀįĸŀŀĔȮěŅĔĬńŘĬŏĴĸŖħĪňŗĵńĚĴňŏĴŊŀĔľŋƟĴěŃŏĕƟŅĽŌƞĔĶŃĭĺĬĔŅĶľĴńĔȮŏıŊŗŀĵƞŀĵ
ĽĸŅĵŏĴŊŀĔĔƞŀĬĪņėĺŅĴĽŃŀŅħŀňĔėĶńŘĚħƟĺĵĔŅĶĕńħľĶŊŀĸƟŅĚőħĵŒĝƟŏėĶŊŗŀĚěńĔĶľĶŊŀŏĪėĬŇėįĽĴįĽŅĬȮ
ŏĴĸŖħĪňŗįƞŅĬĔŅĶŐĮĶĶŌĮěŃĩŌĔŐĝƞĬŘņĞŘņľĸŅĵėĶńŘĚȮĪņŒľƟĽŅĴŅĶĩėńħŏĴĸŖħĪňŗĴňėŋĦĳŅıĨŗņŀŀĔœħƟőħĵŀŅĻńĵ
ľĸńĔĔŅĶĸŀĵĬŘņȮĞŉŗĚŏĴĸŖħĸňĭěŃĸŀĵŐĸŃĽŅĴŅĶĩŐĵĔĪŇŘĚœħƟĚƞŅĵȮľĸńĚěŅĔĬńŘĬŏĴĸŖħěŃĩŌĔĬņœĮĨŅĔŐľƟĚȮ
őħĵĴňĨńĺŏĸŊŀĔĪńŘĚĔŅĶĨŅĔŐħħĭĬıŊŘĬĨŅĕƞŅĵĵĔĽŌĚȮ&ŏĶňĵĔĺƞŅȮAfrican Raised Beds)ȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ0,5Ȯ 
ľĶŊŀŒĝƟŏėĶŊŗŀĚŀĭŐľƟĚȮĞŉŗĚĴňĪńŘĚŐĭĭŏĮƙŅĸĴĶƟŀĬěŅĔĽŀĚĪŇĻĪŅĚȮŐĸŃŐĭĭĩńĚľĴŋĬĪňŗŒľƟėĺŅĴĶƟŀĬ
ĽĴŗņŏĽĴŀȮŏıŊŗŀėĺĭėŋĴėŋĦĳŅıŐĸŃĸħėĺŅĴĝŊŘĬŒľƟŏľĸŊŀĮĶŃĴŅĦȮ12%ȮĪńŘĚĬňŘŒĬĝƞĺĚĔĸŅĚėŊĬȮįŌƟįĸŇĨĴńĔ
ėĸŋĴŏĴĸŖħħƟĺĵıĸŅĽĨŇĔŏıŊŗŀĮƚŀĚĔńĬĔŅĶħŌħĞŉĴėĺŅĴĝŊŘĬěŅĔŀŅĔŅĻ 

  ĕƟŀħňĕŀĚĔŅĶŐĮĶĶŌĮħƟĺĵĺŇīňĬňŘėŊŀȮĝƞĺĵŒľƟĔĶŃĭĺĬĔŅĶįĸŇĨĴňėĺŅĴĶĺħŏĶŖĺĕŉŘĬŏĴŊŗŀŏĪňĵĭ
ĔńĭĺŇīňŀŊŗĬȮŏĬŊŗŀĚěŅĔĽŅĴŅĶĩŐĵĔŏĬŊŘŀŀŀĔěŅĔŏĴĸŖħœħƟĨńŘĚŐĨƞĨƟĬȮěŉĚĪņŒľƟŒĝƟıŊŘĬĪňŗŒĬĔŅĶĨŅĔĬƟŀĵĸĚŐĸŃ
ĸħĶŃĵŃŏĺĸŅŒĬĔŅĶĪņŒľƟŐľƟĚȮĬŀĔěŅĔĬňŘĵńĚĝƞĺĵĵĔĶŃħńĭėŋĦĳŅıĕŀĚŏĴĸŖħĔŅŐĲŒľƟĽĴŗņŏĽĴŀȮŏľĴŅŃ
ĔńĭįŌƟįĸŇĨĪňŗĨƟŀĚĔŅĶėĺĭėŋĴĴŅĨĶģŅĬĽŇĬėƟŅŒĬŏĝŇĚŀŋĨĽŅľĔĶĶĴȮŀĵƞŅĚœĶĔŖĨŅĴȮĔĶŃĭĺĬĔŅĶħńĚĔĸƞŅĺ
ěņŏĮƦĬĨƟŀĚŀŅĻńĵŏėĶŊŗŀĚěńĔĶŏĜıŅŃĪŅĚĪňŗĴňĨƟĬĪŋĬĽŌĚȮŐĸŃŀŅěĨƟŀĚĶƞĺĴĴŊŀĔńĭĽľĔĶĦƢľĶŊŀŐľĸƞĚįĸŇĨĪňŗĴň
ĶŃĭĭĽĬńĭĽĬŋĬŏıňĵĚıŀ 
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 0,/,1,0ȮĔŅĶŐĮĶĶŌĮĔŅŐĲŐĭĭŐľƟĚĨŅĴīĶĶĴĝŅĨŇȮ&Dry Natural Process) 

  ĔĶŃĭĺĬĔŅĶŐĮĶĶŌĮĔŅŐĲŐĭĭŐľƟĚȮľĶŊŀĪňŗŏĶňĵĔĔńĬĺƞŅȮŴBpwȮNpmacqqŵȮ[5]ȮŏĮƦĬ
ĺŇīňĔŅĶĪňŗĴňĔŅĶŒĝƟĴŅŀĵƞŅĚĵŅĺĬŅĬŒĬĮĶŃŏĪĻįŌƟįĸŇĨĔŅŐĲľĸńĔȮŏĝƞĬȮŏŀīŇőŀŏĮƖĵȮĭĶŅĞŇĸȮŐĸŃŏĵŏĴĬȮ
őħĵŏĜıŅŃŒĬĽŅĵıńĬīŋƢőĶĭńĽĨƟŅȮĺŇīňĔŅĶĬňŘœĴƞěņŏĮƦĬĨƟŀĚŒĝƟŏėĶŊŗŀĚěńĔĶĪňŗĞńĭĞƟŀĬĴŅĔĬńĔȮőħĵįĸĔŅŐĲĽŋĔ
ěŃĩŌĔĬņœĮĨŅĔĪńŘĚŏĮĸŊŀĔŐĸŃŏĬŊŘŀȮőħĵœĴƞįƞŅĬĔŅĶĸŀĔŏĵŊŗŀľŋƟĴŒħȮŕȮěĬĔĺƞŅėĺŅĴĝŊŘĬŒĬįĸěŃĸħĸĚĽŌƞ
ĶŃħńĭĮĶŃĴŅĦȮ/0#ȮŏĴŊŗŀĨŅĔŐľƟĚœħƟĪňŗŐĸƟĺěŉĚĬņŏĕƟŅĽŌƞŏėĶŊŗŀĚĽňŐľƟĚŏıŊŗŀŐĵĔŏĮĸŊŀĔŐĸŃŏĬŊŘŀĪňŗŐľƟĚŀŀĔ
ěŅĔŏĴĸŖħĳŅĵŒĬȮĞŉŗĚŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶĨŅĔȮĬŘņĨŅĸĪňŗŀĵŌƞŒĬŏĬŊŘŀįĸĔŅŐĲěŃĞŉĴŏĕƟŅĽŌƞŏĴĸŖħȮĪņŒľƟ
ĔŅŐĲĪňŗœħƟĴňĶĽĝŅĨŇľĺŅĬĨŅĴīĶĶĴĝŅĨŇŐĸŃĔĸŇŗĬľŀĴŏĜıŅŃȮĞŉŗĚŏĮƦĬĸńĔļĦŃŏħƞĬĪňŗœħƟĶńĭėĺŅĴĬŇĵĴŒĬ
ĔĸŋƞĴĨĸŅħĔŅŐĲıŇŏĻļȮ&Specialty Coffee) ŀĵƞŅĚœĶĔŖĨŅĴȮĺŇīňĬňŘĴńĔŒĝƟŏĺĸŅĬŅĬĔĺƞŅŐĸŃĨƟŀĚŒĝƟıŊŘĬĪňŗŒĬ
ĔŅĶĨŅĔĪňŗĔĺƟŅĚĕĺŅĚȮŏĬŊŗŀĚěŅĔĨƟŀĚĨŅĔĪńŘĚįĸĔŅŐĲĪňŗĵńĚĴňŏĬŊŘŀľŋƟĴŀĵŌƞȮŐĨƞŒĬĪŅĚĔĸńĭĔńĬĔŖĴňĕƟŀħňŒĬŐĚƞ
ĕŀĚĨƟĬĪŋĬĪňŗĨŗņĔĺƞŅĺŇīňŀŊŗĬȮŏıĶŅŃŒĝƟŏıňĵĚŏėĶŊŗŀĚĽňŐľƟĚŒĬĔŅĶŐĮĶĶŌĮľĸńĚěŅĔĔŅĶĨŅĔŏĪƞŅĬńŘĬ  

 0,/,1,1ȮĔŅĶŐĮĶĶŌĮĔŅŐĲŐĭĭįĽĴȮ&Pulped Natural ľĶŊŀȮHoney Process) 

  ĔŅĶŐĮĶĶŌĮĔŅŐĲŒĬĶŌĮŐĭĭįĽĴȮľĶŊŀĪňŗŏĶňĵĔĺƞŅȮŴFmlcwȮNpmacqqŵȮ[5] ĩŊŀŏĮƦĬ
ŐĬĺĪŅĚĪňŗŀĵŌƞĔŉŗĚĔĸŅĚĶŃľĺƞŅĚĶŃĭĭŐĮĶĶŌĮŐĭĭŏĮƖĵĔŐĸŃŐĭĭŐľƟĚȮőħĵŏĶŇŗĴĨƟĬěŅĔĔŅĶĬņįĸĔŅŐĲĽŋĔ
ŏĕƟŅĽŌƞŏėĶŊŗŀĚĽňŏĮƖĵĔŏıŊŗŀĸŀĔŏĮĸŊŀĔŐĸŃŏĬŊŘŀŀŀĔėĸƟŅĵĔńĭĔĶŃĭĺĬĔŅĶŐĭĭŏĮƖĵĔȮŀĵƞŅĚœĶĔŖĨŅĴȮŐĪĬĪňŗ

ĳŅıĪňŗȮ2.7ȮĔŅĶĨŅĔŏĴĸŖħĔŅŐĲĭĬıŊŘĬĨŅĕƞŅĵĵĔĽŌĚȮ[3] 
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ěŃĬņŏĴĸŖħĪňŗĩŌĔŐĵĔŏĬŊŘŀŀŀĔœĮľĴńĔŐĸŃĸƟŅĚŏĴŊŀĔŀŀĔŒľƟľĴħȮŏĴĸŖħěŃĩŌĔĬņœĮĨŅĔĪńŘĚĪňŗĵńĚĴňĝńŘĬŏĴŊŀĔȮ
&mucilage) ľŋƟĴŀĵŌƞȮŏĴĸŖħěŃėƞŀĵȮŕȮŐľƟĚĸĚěĬĶŃħńĭėĺŅĴĝŊŘĬĸħĸĚĽŌƞĮĶŃĴŅĦȮ12%ȮőħĵĵńĚėĚŀĵŌƞŒĬ
ĸńĔļĦŃĕŀĚĔŅŐĲĔŃĸŅĪňŗĴňįĬńĚįĸĝńŘĬŒĬľƞŀľŋƟĴ 

  ĔĶŃĭĺĬĔŅĶĬňŘĴňĕƟŀœħƟŏĮĶňĵĭŒĬŏĝŇĚėŋĦĳŅıȮőħĵŏĜıŅŃĔŅĶŏıŇŗĴėĺŅĴľĺŅĬŐĸŃĔĸŇŗĬ
ľŀĴěŅĔĬŘņĨŅĸŒĬĝńŘĬŏĴŊŀĔĪňŗĞŉĴŏĕƟŅĽŌƞŏĴĸŖħĕĦŃĨŅĔȮŀňĔĪńŘĚĵńĚĽŅĴŅĶĩĸħėĺŅĴŏĽňŗĵĚĕŀĚŏĴĸŖħĪňŗĴň
ĕƟŀĭĔıĶƞŀĚěŅĔĔŅĶĸŀĵĬŘņȮőħĵĴňĔŅĶėńħŐĵĔŏĴĸŖħĪňŗėŋĦĳŅıĨŗņŀŀĔŒĬĝƞĺĚŐĶĔȮĔŅĶŐĮĶĶŌĮŐĭĭįĽĴ
ěŉĚŏĮƦĬĪŅĚŏĸŊŀĔĪňŗœħƟĶńĭėĺŅĴĬŇĵĴĴŅĔĕŉŘĬŒĬĔĸŋƞĴįŌƟįĸŇĨĪňŗĴŋƞĚŏĮƚŅœĮĪňŗĨĸŅħĔŅŐĲıŇŏĻļȮőħĵŒľƟĽĴħŋĸ
ĶŃľĺƞŅĚĨƟĬĪŋĬĔŅĶįĸŇĨŐĸŃėŋĦĳŅıĕŀĚŏĴĸŖħĪňŗœħƟ 

 ĔŅĶŐĮĶĶŌĮĔŅŐĲĪńŘĚȮ1ȮĔĶĶĴĺŇīňȮœħƟŐĔƞȮŐĭĭŏĮƖĵĔĪňŗŏĬƟĬĔŅĶľĴńĔŐĸŃĸƟŅĚĔƞŀĬĨŅĔ, ŐĭĭŐľƟĚ
ĪňŗĨŅĔĪńŘĚįĸĔŅŐĲőħĵœĴƞĸŀĔŏĮĸŊŀĔȮŐĸŃŐĭĭĔŉŗĚŐľƟĚĪňŗėĚŏĴŊŀĔĭŅĚĽƞĺĬœĺƟĔƞŀĬĨŅĔȮĪńŘĚľĴħĨƟŀĚĸħ
ėĺŅĴĝŊŘĬĸĚĽŌƞĶŃħńĭȮ/.ů/0#ȮőħĵŐĨƞĸŃĺŇīňĴňĕƟŀħňŐĸŃĕƟŀėĺĶĶŃĺńĚĨƞŅĚĔńĬĨŅĴĔĶŃĭĺĬĔŅĶŐĸŃ
ĽĳŅıŐĺħĸƟŀĴȮŐĽħĚħńĚĨŅĶŅĚĪňŗȮ0,/Ȯ 

 

ĨŅĶŅĚĪňŗȮ0,/ ŏĮĶňĵĭŏĪňĵĭĸńĔļĦŃĔĶĶĴĺŇīňĔŅĶŐĮĶĶŌĮĔŅŐĲȮ[3] 

ĔĶĶĴĺŇīňĔŅĶŐĮĶĶŌĮĔŅŐĲ 

 
ĸńĔļĦŃĔĶŃĭĺĬĔŅĶ 

ėĺŅĴĝŊŘĬ
ŏĮƚŅľĴŅĵ
ľĸńĚĨŅĔ 

ľĴŅĵŏľĨŋ 

ŐĭĭŏĮƖĵĔȮ&Wet Process) ĸƟŅĚŐĸŃľĴńĔŏĴĸŖħȮŸȮĨŅĔŐľƟĚ 10ů12% ĨƟŀĚėĺĭėŋĴĔŅĶľĴńĔ
ŐĸŃĸƟŅĚŀĵƞŅĚŐĴƞĬĵņ 

ŐĭĭŐľƟĚȮ&Dry Process ĨŅĔįĸĔŅŐĲĪńŘĚįĸőħĵœĴƞĸŀĔŏĮĸŊŀĔ 10ů12% ŒĝƟŏĺĸŅĬŅĬŐĸŃŏĽňŗĵĚ
ĨƞŀŏĝŊŘŀĶŅȮľŅĔĽĳŅı
ŀŅĔŅĻœĴƞħň 

ŐĭĭĔŉŗĚŐľƟĚȮ 

&Honey Process) 

ĸŀĔŏĮĸŊŀĔĭŅĚĽƞĺĬȮėĚĭŅĚĽƞĺĬĕŀĚ
ŏĴŊŀĔœĺƟ 

10ů12% ŒľƟėĺŅĴľĺŅĬĽŌĚȮŐĨƞ
ĨƟŀĚĔŅĶĔŅĶĨŅĔŀĵƞŅĚ
ıŇĩňıŇĩńĬ 
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 0,1.3.4ȮįĸĔĶŃĪĭĕŀĚĔĶŃĭĺĬĔŅĶĨŅĔŐľƟĚĨƞŀėŋĦĳŅıŏĴĸŖħĔŅŐĲ 
  ĔĶŃĭĺĬĔŅĶŐĮĶĶŌĮŐĭĭĨŅĔŐľƟĚĴňŀŇĪīŇıĸŀĵƞŅĚĝńħŏěĬĨƞŀĔĸŇŗĬŐĸŃĶĽĝŅĨŇĕŀĚŏĴĸŖħ
ĔŅŐĲȮőħĵĔŅŐĲĪňŗįƞŅĬĔŅĶŐĮĶĶŌĮħƟĺĵĺŇīňĬňŘĴńĔŐĽħĚŏŀĔĸńĔļĦƢŏĜıŅŃĨńĺĪňŗŐĨĔĨƞŅĚěŅĔŐĭĭŏĮƖĵĔȮ
&Washed Process) ŀĵƞŅĚŏľŖĬœħƟĝńħȮŏĴĸŖħĔŅŐĲĪňŗĩŌĔĨŅĔĪńŘĚįĸıĶƟŀĴŏĬŊŘŀŏĝŀĶƢĶňŗĴńĔĴňĶĽĽńĴįńĽĪňŗŏĕƟĴĕƟĬȮ
ŒľƟĔĸŇŗĬįĸœĴƟĽŋĔľĺŅĬȮŏĝƞĬȮŏĭŀĶƢĶňŗȮŐĸŃĴňėĺŅĴľĺŅĬīĶĶĴĝŅĨŇĽŌĚȮĬŀĔěŅĔĬňŘĵńĚŒľƟŏĬŊŘŀĽńĴįńĽĪňŗŐĬƞĬȮ
&ĭŀħňŘ'ȮĴŅĔĔĺƞŅŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭŏĴĸŖħĪňŗŐĮĶĶŌĮŐĭĭŏĮƖĵĔȮĕĦŃŏħňĵĺĔńĬĶŃħńĭėĺŅĴŏĮĶňŘĵĺŒĬĔŅŐĲ
ĪňŗįƞŅĬĔŅĶĨŅĔŐĭĭīĶĶĴĝŅĨŇěŃĨŗņĸĚȮŏĬŊŗŀĚěŅĔĔĶŃĭĺĬĔŅĶľĴńĔĪňŗŏĔŇħĕŉŘĬĳŅĵŒĬŏĴĸŖħĝƞĺĵĮĶńĭĽĴħŋĸ
ĕŀĚĔĶħȮĽƞĚįĸŒľƟĶĽĝŅĨŇĽŋħĪƟŅĵĴňėĺŅĴĬŋƞĴĬĺĸŐĸŃĔĸĴĔĸƞŀĴĴŅĔĕŉŘĬ [8] 
  ŀĵƞŅĚœĶĔŖĨŅĴȮĔŅĶĨŅĔŐľƟĚĔŖĴňĕƟŀěņĔńħȮľŅĔėĺĭėŋĴĔĶŃĭĺĬĔŅĶœĴƞħňȮŏĝƞĬȮĨŅĔœĴƞ
ĽĴŗņŏĽĴŀľĶŊŀıŊŘĬĪňŗĴňėĺŅĴĝŊŘĬĽŌĚȮŀŅěĬņœĮĽŌƞĔŅĶľĴńĔĪňŗœĴƞıŉĚĮĶŃĽĚėƢľĶŊŀĔŅĶĮĬŏĮƘƨŀĬĕŀĚŏĝŊŘŀĶŅȮ
ĽƞĚįĸŒľƟŏĔŇħĔĸŇŗĬŐĮĸĔȮŏĝƞĬȮĔĸŇŗĬŏĮĶňŘĵĺĜŋĬľĶŊŀĔĸŇŗĬŀńĭėĸƟŅĵĶŅ [9] ȮįŌƟŏĝňŗĵĺĝŅĠĶŃĭŋĺƞŅĔŅŐĲĪňŗŐĮĶ
ĶŌĮŐĭĭīĶĶĴĝŅĨŇĴňėĺŅĴľĸŅĔľĸŅĵŒĬĔĸŇŗĬĶĽĽŌĚȮĞŉŗĚŒľƟįĸĸńıīƢĪňŗħňŏĵňŗĵĴľŅĔħņŏĬŇĬĔŅĶŀĵƞŅĚŐĴƞĬĵņȮ
ŐĨƞĔŖŏĽňŗĵĚĨƞŀĔŅĶŏĔŇħĕƟŀĭĔıĶƞŀĚȮ&defect) œħƟĚƞŅĵĔĺƞŅĺŇīňŀŊŗĬȮŏĝƞĬȮĔĸŇŗĬĭŌħľĶŊŀĔĸŇŗĬĽŅĭȮħńĚĬńŘĬȮ
ĴŅĨĶģŅĬėĺŅĴĽŃŀŅħŐĸŃĔŅĶėĺĭėŋĴŒĬĕńŘĬĨŀĬĔŅĶĨŅĔěŉĚĴňėĺŅĴĽņėńĠŀĵƞŅĚĵŇŗĚ [10] 
  ŒĬŏĝŇĚĺŇĪĵŅĻŅĽĨĶƢŀŅľŅĶıĭĺƞŅȮĺŇīňĔŅĶŐĮĶĶŌĮĨƞŅĚĔńĬĴňįĸĨƞŀŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴň
ŒĬŏĴĸŖħĔŅŐĲĽħŀĵƞŅĚĴňĬńĵĽņėńĠȮĔŅĶĨŅĔŏĴĸŖħıĶƟŀĴŏĬŊŘŀŏĝŀĶƢĶňŗĽƞĚįĸŒľƟĽŅĶĭŅĚĝĬŇħȮŏĝƞĬȮĞŌőėĶĽ
ŐĸŃĲĶŋĔőĨĽȮėĚŀĵŌƞŒĬŏĴĸŖħĴŅĔĔĺƞŅĔĶŃĭĺĬĔŅĶĸƟŅĚŐĭĭŏĮƖĵĔȮĞŉŗĚŒĬĕńŘĬĨŀĬĬńŘĬȮĬŘņŐĸŃĔŅĶľĴńĔěŃ
ĝŃĸƟŅĚĬŘņĨŅĸŀŀĔœĮĭŅĚĽƞĺĬȮĽƞĚįĸŒľƟĔŅŐĲŐĭĭŏĮƖĵĔĴňĮĶŇĴŅĦĬŘņĨŅĸĬƟŀĵĔĺƞŅȮĚŅĬĺŇěńĵľĸŅĵĜĭńĭ
ĶŅĵĚŅĬĺƞŅĔŅŐĲĪňŗŐĮĶĶŌĮŐĭĭīĶĶĴĝŅĨŇŐĸŃĔŉŗĚĸƟŅĚȮ&Honey Process) ĴňĬŘņĨŅĸĶňħŇĺĞƢȮŏĝƞĬȮĲĶŋĔőĨĽȮ
ĴŅĔĔĺƞŅŐĭĭŏĮƖĵĔŀĵƞŅĚĴňĬńĵĽņėńĠȮĞŉŗĚĽńĴıńĬīƢĔńĭėĺŅĴľĺŅĬĪňŗŏħƞĬĝńħĕŀĚĔŅŐĲŏĴŊŗŀįƞŅĬĔŅĶėńŗĺȮ[11] 
  ĬŘņĨŅĸĪňŗŏľĸŊŀŀĵŌƞŒĬŏĴĸŖħĔŅŐĲĵńĚĴňĭĪĭŅĪĽņėńĠŒĬĔĶŃĭĺĬĔŅĶėńŗĺȮőħĵěŃ
ŏĔŇħĮĢŇĔŇĶŇĵŅŏĴĸĸŅĶƢħȮ&Maillard Reaction) ĞŉŗĚĔƞŀŒľƟŏĔŇħĽŅĶĔĸŇŗĬĶĽĪňŗĞńĭĞƟŀĬȮŏĝƞĬȮĔĸŇŗĬėŅĶŅ
ŏĴĸľĶŊŀįĸœĴƟĽŋĔȮĬŀĔěŅĔĬŘņĨŅĸŐĸƟĺȮĽŅĶĮĶŃĔŀĭŀŊŗĬȮŏĝƞĬȮĔĶħėĸŀőĶěňĬŇĔȮĔĶħėŅŏĲŀŇĔȮėŅŏĲŀňĬȮ
ŐĸŃœĨĶőĔŏĬĸĸňĬȮĔŖœħƟĶńĭįĸěŅĔĺŇīňĔŅĶŐĮĶĶŌĮħƟĺĵŏĝƞĬĔńĬȮőħĵĔŅĶĻŉĔļŅľĬŉŗĚŒĬĮĶŃŏĪĻœĪĵĶŃĭŋĺƞŅȮ
ĔŅŐĲŀŅĶŅĭŇĔƟŅĪňŗįƞŅĬĔŅĶŐĮĶĶŌĮŐĭĭĨŅĔŐľƟĚĴňĮĶŇĴŅĦĽŅĶĔĸŋƞĴŏŀĽŏĪŀĶƢœĕĴńĬȮ&fatty esters) ĽŌĚ
ĔĺƞŅĔŅŐĲĪňŗŐĮĶĶŌĮŐĭĭŏĮƖĵĔȮĞŉŗĚŏĔňŗĵĺĕƟŀĚĔńĭĔĸŇŗĬĽńĴįńĽĬŋƞĴĸŉĔĕŀĚĔŅŐĲėńŗĺ [11] 
  ŐĴƟĺƞŅĮĶŇĴŅĦėŅŏĲŀňĬœĴƞŏĮĸňŗĵĬŐĮĸĚŀĵƞŅĚĴňĬńĵĶŃľĺƞŅĚĺŇīňĔŅĶŐĮĶĶŌĮĨƞŅĚȮŕȮŐĨƞĔŅĶ
ŐĮĶĶŌĮŐĭĭŏĮƖĵĔĴňĮĶŇĴŅĦėŅĶƢőĭœŁŏħĶĨĭŅĚĝĬŇħĽŌĚĔĺƞŅȮŐĸŃľŅĔŒĝƟĔŅĶŀĭŐľƟĚŐĭĭėĺĭėŋĴėĺŅĴĝŊŘĬ
ĨŗņȮ&Low Temperature, Long Holding: LTLH) ěŃĝƞĺĵĶńĔļŅĶŃħńĭĔĶħėĸŀőĶěňĬŇĔœħƟĴŅĔĪňŗĽŋħȮ
ŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶŐĮĶĶŌĮĴňįĸĨƞŀőėĶĚĽĶƟŅĚĽŅĶŏėĴňĳŅĵŒĬŏĴĸŖħȮĞŉŗĚŐĽħĚŀŀĔįƞŅĬĶĽĝŅĨŇŐĸŃĔĸŇŗĬ
ŏĴŊŗŀįƞŅĬĔŅĶėńŗĺ [12] 
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  ŒĬħƟŅĬőĳĝĬŅĔŅĶȮŐĴƟŏĴĸŖħĔŅŐĲœĴƞŒĝƞŐľĸƞĚĽŅĶŀŅľŅĶľĸńĔȮŐĨƞĽŅĶĮĶŃĔŀĭĲƖĬŀĸȮ
ĔĶħėĸŀőĶěňĬŇĔȮŐĸŃĽŅĶĨƟŅĬŀĬŋĴŌĸŀŇĽĶŃŒĬŏĴĸŖħĔŅŐĲĔŖĴňĭĪĭŅĪĨƞŀĮĶŃőĵĝĬƢĪŅĚĽŋĕĳŅıȮŐĸŃŀŅě
œħƟĶńĭįĸěŅĔĺŇīňŐĮĶĶŌĮȮŏĝƞĬȮĔŅŐĲīĶĶĴĝŅĨŇĪňŗœĴƞœħƟĸƟŅĚĬŘņŀŅěŏĔŖĭĶńĔļŅĽŅĶĨƟŅĬŀĬŋĴŌĸŀŇĽĶŃœĺƟœħƟ
ĴŅĔĔĺƞŅȮŀĵƞŅĚœĶĔŖĨŅĴȮĮƤěěńĵŀŊŗĬȮŏĝƞĬȮĽŅĵıńĬīŋƢŐĸŃĶŃħńĭĔŅĶėńŗĺĔŖĴňįĸŏĝƞĬĔńĬ 
  ĔŅĶĨŅĔŏĴĸŖħěĬĴňėĺŅĴĝŊŘĬŒĬĝƞĺĚȮ//ů/0#ȮĝƞĺĵĸħėĺŅĴŏĽňŗĵĚĔŅĶŏĔŇħŏĝŊŘŀĶŅŐĸŃ
ŐĴĸĚŒĬĶŃľĺƞŅĚĔŅĶŏĔŖĭĶńĔļŅȮĞŉŗĚĴňįĸĨƞŀėĺŅĴėĚĨńĺĕŀĚĔĸŇŗĬĶĽŐĸŃĸńĔļĦŃĪŅĚĔŅĵĳŅıĕŀĚŏĴĸŖħȮ
ľŅĔėĺŅĴĝŊŘĬĽŌĚŏĔŇĬȮ/1#ȮėĺŅĴŏĽňŗĵĚŒĬĔŅĶĮĬŏĮƘƨŀĬŐĸŃĔŅĶŏĽŊŗŀĴėŋĦĳŅıěŃŏıŇŗĴĕŉŘĬȮŒĬĪŅĚĨĶĚĔńĬ
ĕƟŅĴȮľŅĔŒĝƟŀŋĦľĳŌĴŇĽŌĚŏĔŇĬœĮŒĬĔŅĶŀĭŐľƟĚŏĶŖĺȮŀŅěĪņŒľƟŏĴĸŖħŐĨĔĳŅĵŒĬľĶŊŀĸħŀŅĵŋĔŅĶŏĔŖĭĶńĔļŅȮ
ĔŅĶĨŅĔŀĵƞŅĚĝƟŅȮŕȮĪňŗŀŋĦľĳŌĴŇėĺĭėŋĴěŉĚŏĮƦĬŐĬĺĪŅĚĪňŗĝƞĺĵėĚėŋĦĳŅıĕŀĚŏĴĸŖħœħƟħňĪňŗĽŋħ [13] 

 2.1.3.5ȮĭĪĭŅĪĕŀĚĔŅĶľĴńĔŒĬĔĶŃĭĺĬĔŅĶŐĮĶĶŌĮĔŅŐĲ 

  œĴƞĺƞŅĔŅŐĲěŃĩŌĔŐĮĶĶŌĮħƟĺĵĺŇīňŏĮƖĵĔȮŐľƟĚȮľĶŊŀĬŘņįŉŘĚȮĔŅĶľĴńĔĬńĭŏĮƦĬĔĶŃĭĺĬĔŅĶ
ĽņėńĠĪňŗĽƞĚįĸŀĵƞŅĚĴňĬńĵĨƞŀėŋĦĳŅıĽŋħĪƟŅĵĕŀĚŏĴĸŖħĔŅŐĲȮĔŅĶľĴńĔŏĮƦĬĔĶŃĭĺĬĔŅĶĪŅĚĝňĺĳŅıĪňŗ
ěŋĸŇĬĪĶňĵƢȮŏĝƞĬȮĵňĽĨƢŐĸŃŐĭėĪňŏĶňĵȮŏĮĸňŗĵĬĬŘņĨŅĸŒĬįĸĔŅŐĲŒľƟĔĸŅĵŏĮƦĬĔĶħȮŐŀĸĔŀŁŀĸƢȮľĶŊŀĔƠŅĞȮ
őħĵĮĢŇĔŇĶŇĵŅŏľĸƞŅĬňŘŏĶŇŗĴĨƟĬĕŉŘĬĨńŘĚŐĨƞįĸĔŅŐĲĽŋĔĭĬĨƟĬȮŐĸŃěŃħņŏĬŇĬœĮěĬĔĺƞŅėĺŅĴĝŊŘĬĕŀĚŏĴĸŖħěŃ
ĸħĸĚŏľĸŊŀĮĶŃĴŅĦȮ12% ĞŉŗĚŏĮƦĬŏĔĦĤƢĴŅĨĶģŅĬŒĬĔŅĶŏĔŖĭĶńĔļŅ 

  ĔŅĶěńħĔŅĶĔĶŃĭĺĬĔŅĶľĴńĔŀĵƞŅĚŏľĴŅŃĽĴěŃĝƞĺĵĽƞĚŏĽĶŇĴėŋĦĳŅıĶĽĝŅĨŇĕŀĚĔŅŐĲȮ
ŐĸŃŏıŇŗĴĴŌĸėƞŅįĸŇĨĳńĦĤƢœħƟȮŒĬĪŅĚĔĸńĭĔńĬȮľŅĔĔŅĶľĴńĔŏĔŇħĕŉŘĬĬŅĬŏĔŇĬœĮőħĵĕŅħĔŅĶėĺĭėŋĴȮŀŅě
ĽƞĚįĸŒľƟĔŅŐĲŏĔŇħĔĸŇŗĬľĶŊŀĶĽœĴƞıŉĚĮĶŃĽĚėƢȮĞŉŗĚĔĶŃĪĭĨƞŀėŋĦĳŅıŐĸŃĶŅėŅěņľĬƞŅĵőħĵĨĶĚ 

  ĮƤěěńĵĪňŗĴňŀŇĪīŇıĸĨƞŀŀńĨĶŅŐĸŃėŋĦĳŅıĕŀĚĔŅĶľĴńĔȮœħƟŐĔƞȮŀŋĦľĳŌĴŇȮŐĽĚŐħħȮĔŅĶ
ĶŃĭŅĵŀŅĔŅĻȮĮĶŇĴŅĦŀŀĔĞŇŏěĬľĶŊŀĔŅĶĕŅħŀŀĔĞŇŏěĬȮŐĸŃĶŃħńĭĕŀĚĬŘņĨŅĸŒĬįĸĔŅŐĲȮőħĵĮƤěěńĵ
ŏľĸƞŅĬňŘĸƟĺĬĴňįĸĨƞŀĔŅĶŏěĶŇĠĕŀĚěŋĸŇĬĪĶňĵƢŐĨƞĸŃĝĬŇħȮŐĭėĪňŏĶňĵĞŉŗĚĴňŀĵŌƞĪńŗĺœĮŒĬīĶĶĴĝŅĨŇŀŅěĽƞĚįĸœħƟ
ĪńŘĚŒĬĪŅĚħňŐĸŃœĴƞħňȮĽƞĺĬĵňĽĨƢŐĴƟĴňěņĬĺĬĬƟŀĵŒĬĽĳŅıīĶĶĴĝŅĨŇȮŐĨƞĽƞĺĬŒľĠƞĴńĔŒľƟįĸŏĝŇĚĭĺĔĨƞŀ
ĶĽĝŅĨŇȮĕĦŃĪňŗŏĝŊŘŀĶŅĪńŘĚľĴħĪňŗĽŅĴŅĶĩĴŀĚŏľŖĬľĶŊŀœħƟĔĸŇŗĬœħƟĝńħŏěĬȮĩŊŀĺƞŅŏĮƦĬĨńĺĔŅĶĪňŗĪņŒľƟėŋĦĳŅı
ĔŅŐĲĸħĸĚ 

  ĔŅĶėĺĭėŋĴĔŅĶľĴńĔĽŅĴŅĶĩĪņœħƟħƟĺĵĔŅĶěńħĔŅĶŏĺĸŅŒľƟŏľĴŅŃĽĴȮŏĝƞĬȮŏĶƞĚ
ĔĶŃĭĺĬĔŅĶĨŅĔŒľƟŏĶŖĺĕŉŘĬȮŐĸŃľĸňĔŏĸňŗĵĚĔŅĶėŊĬėĺŅĴĝŊŘĬěŅĔĬŘņėƟŅĚľĶŊŀŀŋĦľĳŌĴŇĨŗņŒĬŏĺĸŅĔĸŅĚėŊĬȮ
ĬŀĔěŅĔĬňŘȮĸńĔļĦŃĕŀĚĳŅĝĬŃĪňŗŒĝƟľĴńĔĔŖĴňįĸőħĵĨĶĚĨƞŀĔŅĶŏěĶŇĠĕŀĚěŋĸŇĬĪĶňĵƢȮĳŅĝĬŃįŇĺľĵŅĭĴň
ŐĬĺőĬƟĴĽŃĽĴŏĝŊŘŀőĶėœħƟĴŅĔĔĺƞŅĳŅĝĬŃĪňŗĴňıŊŘĬįŇĺŏĶňĵĭȮŏĝƞĬȮőĸľŃȮıĸŅĽĨŇĔȮľĶŊŀĞňŏĴĬĨƢ 

  őħĵĪńŗĺœĮȮŐĭėĪňŏĶňĵěŃĴňĭĪĭŅĪŏħƞĬŒĬĝƞĺĚŐĶĔĕŀĚĔŅĶĨŅĔĪňŗėĺŅĴĝŊŘĬĵńĚĽŌĚȮěŅĔĬńŘĬ
ĵňĽĨƢěŃŏĨŇĭőĨŒĬĶŃĵŃĔĸŅĚȮŐĸŃľŅĔœĴƞėĺĭėŋĴŒľƟħňȮŏĝŊŘŀĶŅŀŅěŏěĶŇĠŏĨŇĭőĨŒĬĝƞĺĚĪƟŅĵĕŀĚĔŅĶŐĮĶĶŌĮ
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ĪňŗŏĴĸŖħĔŅŐĲŏĶŇŗĴŐľƟĚȮĔŅĶĪħĸŀĚŒĬĶŃħńĭĵƞŀĵȮŏĝƞĬȮĔŅĶľĴńĔįĸĔŅŐĲŒĬĩńĚĮƕħĕĬŅħŏĸŖĔȮŀŅěĝƞĺĵ
ĺŇŏėĶŅŃľƢĝĬŇħĕŀĚěŋĸŇĬĪĶňĵƢĪňŗŏĔŇħĕŉŘĬȮőħĵĽńĚŏĔĨěŅĔĔĸŇŗĬĪňŗŏĔŇħĕŉŘĬȮŏĝƞĬȮĔĸŇŗĬėĸƟŅĵœĺĬƢĭƞĚĭŀĔĩŉĚĵňĽĨƢȮ
ŒĬĕĦŃĪňŗĔĸŇŗĬŏĮĶňŘĵĺľĶŊŀĕĴŐĽħĚĩŉĚŏĝŊŘŀĶŅĪňŗœĴƞıŉĚĮĶŃĽĚėƢȮĞŉŗĚėĺĶŏĶƞĚŏĕƟŅĽŌƞĔĶŃĭĺĬĔŅĶĨŅĔĪńĬĪňŏĴŊŗŀ
ıĭĽńĠĠŅĦŏľĸƞŅĬňŘ 

  ĔŅĶľĴńĔĵńĚĴňĭĪĭŅĪŒĬĔĶŃĭĺĬĔŅĶŐĮĶĶŌĮŐĭĭŏĮƖĵĔȮőħĵĝƞĺĵŒľƟŏĴŊŀĔľŋƟĴŏĴĸŖħ
ĔŅŐĲŀƞŀĬĨńĺŐĸŃĽŅĴŅĶĩĸƟŅĚŀŀĔœħƟĚƞŅĵȮĪńŘĚĬňŘĽŅĴŅĶĩŏĸŊŀĔŒĝƟĺŇīňĔŅĶľĴńĔŐĭĭŒĝƟŀŀĔĞŇŏěĬȮ&ľĴńĔ
ŐľƟĚ'ȮľĶŊŀœĴƞŒĝƟŀŀĔĞŇŏěĬȮ&ľĴńĔŒĬĬŘņ'ȮĔŖœħƟȮĔŅĶľĴńĔŒĬĬŘņĴňĕƟŀħňĪňŗĽŅĴŅĶĩėńħŏĴĸŖħŏĽňĵœħƟŏıŇŗĴŏĨŇĴěŅĔ
ĔŅĶĸŀĵĬŘņȮŐĨƞĨƟŀĚĶŃĺńĚŏĶŊŗŀĚĔŅĶěńħĔŅĶĬŘņŏĽňĵȮŏĬŊŗŀĚěŅĔĬŘņěŅĔĔŅĶľĴńĔĴňėĺŅĴŏĮƦĬĔĶħĽŌĚŐĸŃŀŅě
ŏĮƦĬŀńĬĨĶŅĵĨƞŀĽŇŗĚŐĺħĸƟŀĴľŅĔĮĸƞŀĵĪŇŘĚőħĵœĴƞįƞŅĬĔŅĶĭņĭńħ 

 2.1.3.6ȮĔŅĶĸħėĺŅĴĝŊŘĬŒĬĔŅĶĶńĔļŅėŋĦĳŅıĔŅŐĲ 

  ĔĶŃĭĺĬĔŅĶĸħėĺŅĴĝŊŘĬĕŀĚįĸĔŅŐĲĩŊŀŏĮƦĬľĬŉŗĚŒĬĕńŘĬĨŀĬĺŇěńĵŐĸŃĮĢŇĭńĨŇĪňŗĴň
ėĺŅĴĽņėńĠœĴƞĬƟŀĵœĮĔĺƞŅĔŅĶľĴńĔȮŏĬŊŗŀĚěŅĔĴňįĸőħĵĨĶĚĨƞŀėŋĦĳŅıȮĶĽĝŅĨŇȮŐĸŃŀŅĵŋĔŅĶŏĔŖĭĶńĔļŅ
ĕŀĚĔŅŐĲȮľĸńĚĔŅĶŏĔŖĭŏĔňŗĵĺȮįĸĔŅŐĲĽŋĔěŃĴňėƞŅėĺŅĴĝŊŘĬŏĜĸňŗĵĮĶŃĴŅĦȮ3.#ȮœĴƞĺƞŅěŃŒĝƟĺŇīňĔŅĶŐĮĶ
ĶŌĮŐĭĭŒħȮ&ŏĮƖĵĔľĶŊŀŐľƟĚ'ȮŏĮƚŅľĴŅĵľĸńĔėŊŀĔŅĶĸħėĺŅĴĝŊŘĬĕŀĚŏĴĸŖħĸĚŒľƟėĚĪňŗĪňŗĶŃħńĭȮ/0#ȮĞŉŗĚŏĮƦĬ
ĶŃħńĭĪňŗŏľĴŅŃĽĴĨƞŀĔŅĶěńħŏĔŖĭőħĵœĴƞĪņŒľƟŏĴĸŖħŏĽŊŗŀĴėŋĦĳŅıľĶŊŀŏĔŇħĔŅĶľĴńĔĞŘņőħĵœĴƞĨńŘĚŒě 

  ĔŅĶĪņŒľƟŐľƟĚĽŅĴŅĶĩħņŏĬŇĬĔŅĶœħƟĪńŘĚŐĭĭīĶĶĴĝŅĨŇȮŏĝƞĬȮĔŅĶĨŅĔŐħħȮŐĸŃŐĭĭ
ĔĸœĔőħĵŒĝƟŏėĶŊŗŀĚŀĭŐľƟĚȮĔŅĶĨŅĔĭĬıŊŘĬőħĵĨĶĚȮŏĝƞĬȮıŊŘĬħŇĬľĶŊŀėŀĬĔĶňĨȮŀŅěĔƞŀŒľƟŏĔŇħĔŅĶ
ŏĮĸňŗĵĬŐĮĸĚŀŋĦľĳŌĴŇŀĵƞŅĚĶĺħŏĶŖĺŒĬĝƞĺĚĔĸŅĚĺńĬŐĸŃĔĸŅĚėŊĬȮĞŉŗĚĽƞĚįĸĨƞŀėĺŅĴĽĴŗņŏĽĴŀĕŀĚĔŅĶ
ŐľƟĚȮŒĬĪŅĚĔĸńĭĔńĬȮĔŅĶĨŅĔĭĬĨŃŐĔĶĚĵĔĽŌĚȮŏĝƞĬȮĨŅĕƞŅĵĴŋƟĚĸĺħȮľĶŊŀĪňŗŏĶňĵĔĺƞŅȮRaised Beds ĝƞĺĵ
ŒľƟĔŅĶĶŃĭŅĵŀŅĔŅĻŐĸŃĔŅĶėĺĭėŋĴŀŋĦľĳŌĴŇĴňĮĶŃĽŇĪīŇĳŅıĴŅĔĕŉŘĬȮėĺĶĴňĔŅĶĮƕħėĸŋĴĔŅŐĲĪňŗĔņĸńĚ
ŐľƟĚŒĬĝƞĺĚĔĸŅĚėŊĬħƟĺĵĺńĽħŋĔńĬĬŘņȮŏĝƞĬȮįƟŅŒĭľĶŊŀĩŋĚıĸŅĽĨŇĔȮŏıŊŗŀĮƚŀĚĔńĬĔŅĶħŌħĞŉĴėĺŅĴĝŊŘĬĔĸńĭěŅĔ
ŀŅĔŅĻĪňŗŏĵŖĬĸĚŐĸŃĔƞŀŒľƟŏĔŇħĔŅĶėĺĭŐĬƞĬĞŉŗĚŀŅěŏĶƞĚĔŅĶŏěĶŇĠĕŀĚŏĝŊŘŀĶŅ 

  ĽņľĶńĭĔŅĶĨĶĺěĽŀĭĶŃħńĭėĺŅĴĝŊŘĬĽŅĴŅĶĩŒĝƟŏėĶŊŗŀĚĺńħŏĜıŅŃĪŅĚȮľĶŊŀĮĶŃŏĴŇĬėƞŅ
ėĶƞŅĺȮŕȮħƟĺĵĔŅĶėņĬĺĦĪŅĚėĦŇĨĻŅĽĨĶƢȮőħĵĨńĺŀĵƞŅĚŏĝƞĬȮľŅĔĬņįĸĔŅŐĲĽŋĔĬŘņľĬńĔȮ/0ȮĔŇőĸĔĶńĴĴŅ
ĨŅĔŐľƟĚŐĭĭīĶĶĴĝŅĨŇȮěĬŏľĸŊŀŏıňĵĚȮ2ȮĔŇőĸĔĶńĴȮěŃĩŊŀĺƞŅėĺŅĴĝŊŘĬĸħĸĚŒĔĸƟĶŃħńĭŏĮƚŅľĴŅĵĪňŗȮ/0#Ȯ
ŒĬĔĶĦňĕŀĚĔŅĶŐĮĶĶŌĮŐĭĭŏĮƖĵĔȮĬŘņľĬńĔĽŋħĪƟŅĵěŃŀĵŌƞĪňŗĮĶŃĴŅĦȮ0,0ȮĔŇőĸĔĶńĴȮ&ŏĴŊŗŀŏĶŇŗĴěŅĔįĸĔŅŐĲȮ
/0ȮĔŇőĸĔĶńĴ'ȮĞŉŗĚėĺŅĴŐĨĔĨƞŅĚĬňŘŏĔŇħěŅĔĽńħĽƞĺĬĕŀĚŏĮĸŊŀĔŐĸŃŏĬŊŘŀĪňŗĩŌĔŐĵĔŀŀĔĨńŘĚŐĨƞĨƟĬ 

  ĔŅŐĲĪňŗįƞŅĬĔŅĶĪņŒľƟŐľƟĚŏĶňĵĭĶƟŀĵŐĸƟĺėĺĶĩŌĔěńħŏĔŖĭŀĵƞŅĚŏľĴŅŃĽĴȮŏĝƞĬȮĺŅĚĭĬ
ıŅŏĸĪœĴƟȮœĴƞĽńĴįńĽıŊŘĬőħĵĨĶĚȮŐĸŃěńħŏĔŖĭŒĬĽĩŅĬĪňŗĪňŗĴňľĸńĚėŅĽŌĚȮĴňĶŃĭĭĶŃĭŅĵŀŅĔŅĻȮŐĸŃĮƚŀĚĔńĬ
ėĺŅĴĶƟŀĬěŅĔĳŅĵĬŀĔœħƟħňȮĩŋĚĭĶĶěŋŐĭĭȮGrainPro ĔŖŏĮƦĬŀňĔĪŅĚŏĸŊŀĔľĬŉŗĚĪňŗĬŇĵĴŒĝƟȮŏıĶŅŃĽŅĴŅĶĩ
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ĔńĬėĺŅĴĝŊŘĬěŅĔĳŅĵĬŀĔœħƟħňȮĕĦŃŏħňĵĺĔńĬĔŖŀĬŋĠŅĨŒľƟĳŅĵŒĬĩŋĚĶŃĭŅĵŀŅĔŅĻœħƟȮŏĴĸŖħĔŅŐĲĔŃĸŅĪňŗ
ĴňėĺŅĴĝŊŘĬėĚĪňŗĪňŗȮ/0#ȮėĺĶŏĔŖĭŒĬĽĳŅıŐĺħĸƟŀĴĪňŗĴňėĺŅĴĝŊŘĬĽńĴıńĪīƢȮ&Relative Humidity: RH) 
ĶŃľĺƞŅĚȮ4.ů5.#ȮľĶŊŀĨŗņĔĺƞŅȮőħĵĨƟŀĚĨĶĺěĽŀĭĝƞĺĚŏĺĸŅĪňŗŀŋĦľĳŌĴŇĨŗņĪňŗĽŋħŒĬĺńĬȮŏıŊŗŀľĸňĔŏĸňŗĵĚ
ėĺŅĴĝŊŘĬĽŃĽĴĪňŗŏĔŇħěŅĔĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚŀŋĦľĳŌĴŇ 

  ĪńŘĚĬňŘȮŏĴĸŖħĔŅŐĲĪňŗĵńĚĴňĝňĺŇĨěŃĽŅĴŅĶĩĶńĔļŅėŋĦĸńĔļĦŃĪŅĚĔŅĵĳŅıŐĸŃĶĽĝŅĨŇœĺƟ
œħƟħňěŅĔĔŅĶĪņĚŅĬĕŀĚŏŀĬœĞĴƢĳŅĵŒĬȮŐĨƞľŅĔėĺŅĴĝŊŘĬĨŗņŏĔŇĬœĮȮŏĝƞĬȮĨŗņĔĺƞŅȮ/.#ȮŏĴĸŖħěŃŏĶŇŗĴ
ŏĮĶŅŃȮŐĸŃŏĽňŗĵĚĨƞŀĔŅĶŐĨĔĶƟŅĺĶŃľĺƞŅĚĔŅĶĽňȮĞŉŗĚěŃĔĶŃĪĭĨƞŀėŋĦĳŅıŒĬĶŃħńĭĮĸŅĵĬŘņȮőħĵĪńŗĺœĮ
ŐĸƟĺȮėĺŅĴĝŊŘĬĪňŗŏľĴŅŃĽĴĪňŗĽŋħĽņľĶńĭĔŅŐĲĽŅĶȮ&ŏĴĸŖħĔŅŐĲħŇĭ'ȮėĺĶŀĵŌƞĶŃľĺƞŅĚȮ/.ů/0#ȮŏıŊŗŀĶńĔļŅ
ėŋĦĳŅıŒľƟĽŌĚĪňŗĽŋħĶŃľĺƞŅĚĔŅĶŏĔŖĭĶńĔļŅŐĸŃĕĬĽƞĚ 
  ėĺŅĴĝŊŘĬŒĬŏĴĸŖħĔŅŐĲŐľƟĚ [6]ȮŏĮƦĬĮƤěěńĵĪňŗĴňĭĪĭŅĪĽņėńĠĨƞŀėŋĦĳŅıŐĸŃŀŅĵŋĔŅĶ
ŏĔŖĭĶńĔļŅĕŀĚĔŅŐĲŀĵƞŅĚĵŇŗĚȮėĺŅĴĝŊŘĬĪňŗŏľĴŅŃĽĴĝƞĺĵĶńĔļŅėŋĦĳŅıħƟŅĬĔĸŇŗĬŐĸŃĶĽĝŅĨŇĕŀĚĔŅŐĲȮ
ĕĦŃĪňŗėĺŅĴĝŊŘĬĪňŗĽŌĚľĶŊŀĨŗņŏĔŇĬœĮŀŅěĔƞŀŒľƟŏĔŇħĔŅĶŏĽŊŗŀĴŏĽňĵĪńŘĚĪŅĚĔŅĵĳŅıŐĸŃĪŅĚĮĶŃĽŅĪĽńĴįńĽ
ĕŀĚŏĴĸŖħĔŅŐĲȮħńĚĬńŘĬŒĬĔŅĶįĸŇĨĔŅŐĲȮĔŅĶėĺĭėŋĴĶŃħńĭėĺŅĴĝŊŘĬĕŀĚŏĴĸŖħĔŅŐĲĩŊŀŏĮƦĬĕńŘĬĨŀĬ
ĽņėńĠŏıŊŗŀŒľƟœħƟįĸŇĨĳńĦĤƢĪňŗĴňėŋĦĳŅıĽĴŗņŏĽĴŀŐĸŃĮĸŀħĳńĵ 

 0,/,1,7ȮėƞŅėĺŅĴĝŊŘĬĪňŗŏľĴŅŃĽĴĽņľĶńĭŏĴĸŖħĔŅŐĲŐľƟĚ 
  ĝƞĺĚėĺŅĴĝŊŘĬĪňŗŐĬŃĬņȮ[7]ȮőħĵĪńŗĺœĮėƞŅȮėĺŅĴĝŊŘĬĪňŗŏľĴŅŃĽĴȮĽņľĶńĭŏĴĸŖħĔŅŐĲħŇĭȮ
&ŏĴĸŖħĔŅŐĲŐľƟĚĔƞŀĬėńŗĺ'ȮŀĵŌƞĪňŗĮĶŃĴŅĦȮ/.ů/0#ȮĕŀĚĬŘņľĬńĔŏĮƖĵĔȮĞŉŗĚĩŊŀŏĮƦĬĝƞĺĚĪňŗŏĴĸŖħĔŅŐĲ
ĽŅĴŅĶĩŏĔŖĭĶńĔļŅœħƟŀĵƞŅĚĮĸŀħĳńĵŐĸŃėĚėŋĦĳŅıĕŀĚĔĸŇŗĬĶĽœħƟħňĽŀħėĸƟŀĚĔńĭŐĬĺĪŅĚŒĬĺĚĔŅĶ
ĔŅŐĲıŇŏĻļĪňŗĵŀĴĶńĭĔńĬĺƞŅėĺŅĴĝŊŘĬĕŀĚĽŅĶĔŅŐĲėĺĶŀĵŌƞŒĬĝƞĺĚĬňŘĔƞŀĬĔŅĶěńħĽƞĚľĶŊŀěņľĬƞŅĵ
ĬŀĔěŅĔĬňŘľĸŅĵŐľĸƞĚĵńĚĶŃĭŋĺƞŅėĺŅĴĝŊŘĬĶŅĺȮ//#ȮŏĮƦĬėƞŅŏĮƚŅľĴŅĵĪňŗħňŒĬĔŅĶĶńĔļŅėŋĦĳŅıŏĴĸŖħ
ĔŅŐĲœĺƟœħƟĽŌĚĽŋħȮŒĬĪŅĚĮĢŇĭńĨŇȮįŌƟįĸŇĨĴńĔľĸňĔŏĸňŗĵĚœĴƞŒľƟŏĴĸŖħĔŅŐĲĴňėĺŅĴĝŊŘĬĽŌĚŏĔŇĬĮĶŃĴŅĦȮȮȮȮȮȮȮȮ
/0ů/1#ȮŏıĶŅŃŏĔŇĬėƞŅĬňŘěŃŏĶŇŗĴĴňėĺŅĴŏĽňŗĵĚĨƞŀĔŅĶŏĔŇħŏĝŊŘŀĶŅŐĸŃĔŅĶŏĽŊŗŀĴėŋĦĳŅıœħƟĚƞŅĵĵŇŗĚĕŉŘĬ[8]Ȯ
ħńĚĬńŘĬĴŅĨĶģŅĬĔŅĶįĸŇĨŐĸŃĔŅĶėƟŅŏĴĸŖħĔŅŐĲľĸŅĵŐľƞĚěŉĚĔņľĬħėƞŅŏİƚŅĶŃĺńĚœĴƞŒľƟėĺŅĴĝŊŘĬŏĔŇĬ
ĶŃħńĭħńĚĔĸƞŅĺȮįĸěŅĔĚŅĬĺŇěńĵŒĬĮĶŃŏĪĻœĪĵ[9]ȮıĭĺƞŅŏĴĸŖħĔŅŐĲĪňŗŀĭŐľƟĚěĬėĺŅĴĝŊŘĬœĴƞŏĔŇĬȮ/1#Ȯ
ĽŅĴŅĶĩŏĔŖĭĶńĔļŅœħƟĮĶŃĴŅĦȮ4ȮŏħŊŀĬȮŒĬĽĳŅıŀŅĔŅĻĶƟŀĬĝŊŘĬȮőħĵœĴƞıĭĔŅĶĪņĸŅĵěŅĔŐĴĸĚľĶŊŀ
ŏĝŊŘŀĶŅŒĬĝƞĺĚŏĺĸŅħńĚĔĸƞŅĺȮŐĨƞľĸńĚěŅĔĬńŘĬėŋĦĳŅıěŃŏĶŇŗĴĸħĸĚȮ&ıĭĪńŘĚħƟĺĚĔŅŐĲŐĸŃŏĝŊŘŀĶŅĮĬŏĮƘƨŀĬ
ŏĴŊŗŀŏĔŖĭĬŅĬȮ7ů/0ȮŏħŊŀĬ'ȮįĸĔŅĶĻŉĔļŅĬňŘĽŀħėĸƟŀĚĔńĭėņŐĬŃĬņĪňŗĺƞŅĔŅĶĸħėĺŅĴĝŊŘĬĕŀĚŏĴĸŖħĔŅŐĲ
ĸĚĴŅŀĵŌƞŒĬĝƞĺĚĮĶŃĴŅĦȮ/.ů/0#ȮľĸńĚĔŅĶŏĔŖĭŏĔňŗĵĺȮěŃĝƞĺĵŒľƟŏĴĸŖħĴňėĺŅĴĮĸŀħĳńĵěŅĔěŋĸŇĬĪĶňĵƢ
ŐĸŃėĚėŋĦĳŅıœħƟħňĔƞŀĬĬņœĮėńŗĺľĶŊŀěńħŏĔŖĭĶŃĵŃĵŅĺ[10] 
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 0,/,1,8ȮȮĺŇīňĔŅĶĺńħŐĸŃėĺĭėŋĴėĺŅĴĝŊŘĬŒĬĔĶŃĭĺĬĔŅĶįĸŇĨ 
  ĔŅĶĨĶĺěĺńħėƞŅėĺŅĴĝŊŘĬĕŀĚŏĴĸŖħĔŅŐĲĪņœħƟőħĵ ĺŇīňĴŅĨĶģŅĬŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶ 
ŏĝƞĬȮĔŅĶŀĭĨńĺŀĵƞŅĚŏĴĸŖħĔŅŐĲŐĸƟĺĝńŗĚĬŘņľĬńĔŏıŊŗŀĨĶĺěĽŀĭĮĶŇĴŅĦĬŘņĪňŗĽŌĠŏĽňĵœĮȮ&ĺŇīňŀĭŐľƟĚ
ĴŅĨĶģŅĬȮAOAC) ĞŉŗĚŏĮƦĬĺŇīňĪňŗŒľƟėƞŅėĺŅĴĝŊŘĬĪňŗŐĴƞĬĵņȮĬŀĔěŅĔĬňŘȮŒĬĳŅėĽĬŅĴľĶŊŀőĶĚĚŅĬĴńĔŒĝƟ 
ŏėĶŊŗŀĚĺńħėĺŅĴĝŊŘĬŐĭĭŀŇŏĸŖĔĪĶŀĬŇĔĽƢȮ[11] (ŏĝƞĬȮŏėĶŊŗŀĚĺńħėĺŅĴĝŊŘĬŐĭĭėĺŅĴěŋœĲĲƚŅĽņľĶńĭŏĴĸŖħıŊĝ'Ȯ
ĪňŗĮĶńĭŏĪňĵĭĽņľĶńĭŏĴĸŖħĔŅŐĲȮŏıŊŗŀėĺŅĴĽŃħĺĔĶĺħŏĶŖĺŒĬĔŅĶĨĶĺěĽŀĭėƞŅėĺŅĴĝŊŘĬĕŀĚĨńĺŀĵƞŅĚ
ěņĬĺĬĴŅĔȮĔŅĶĨĶĺěĺńħėĺŅĴĝŊŘĬĩŊŀŏĮƦĬĕńŘĬĨŀĬŏĭŊŘŀĚĨƟĬĪňŗĽņėńĠŒĬĔŅĶĮĶŃŏĴŇĬėŋĦĳŅıŐĸŃėĺŅĴ
ıĶƟŀĴŒĬĔŅĶĞŊŘŀĕŅĵŏĴĸŖħĔŅŐĲŐĨƞĸŃĸŀĨȮįŌƟĮĶŃĔŀĭĔŅĶěŃĺńħėĺŅĴĝŊŘĬĕŀĚĪńŘĚŏĴĸŖħĔŅŐĲĔŃĸŅŐĸŃ
ĽŅĶĔŅŐĲŏıŊŗŀŒľƟĴńŗĬŒěĺƞŅŀĵŌƞŒĬŏĔĦĤƢĪňŗŏľĴŅŃĽĴĔƞŀĬĔŅĶŏĔŖĭĶńĔļŅľĶŊŀĽƞĚĴŀĭ 
 ĔŅĶėĺĭėŋĴėĺŅĴĝŊŘĬŒĬĔĶŃĭĺĬĔŅĶįĸŇĨȮőħĵľĸńĚĔŅĶŏĔŖĭŏĔňŗĵĺįĸĔŅŐĲĨƟŀĚįƞŅĬĔĶŃĭĺĬĔŅĶ
ĸħėĺŅĴĝŊŘĬĸĚŀĵƞŅĚĩŌĔĺŇīň ĕńŘĬĨŀĬĔŅĶĨŅĔľĶŊŀŀĭŐľƟĚ ŏĮƦĬľńĺŒěĽņėńĠŒĬĔŅĶėĺĭėŋĴėĺŅĴĝŊŘĬŒľƟœħƟ
ĨŅĴŏĮƚŅľĴŅĵȮőħĵŏĔļĨĶĔĶįŌƟįĸŇĨĔŅŐĲěŃĪņĔŅĶĨŅĔŐħħľĶŊŀŀĭŏĴĸŖħěĬėƞŅėĺŅĴĝŊŘĬĸħěŅĔĶŃħńĭ
ŐĶĔŏĶŇŗĴȮ&50ů60% ŒĬŏĴĸŖħĔŅŐĲŏĮƖĵĔ'ȮĸĚĴŅŀĵŌƞŒĬĝƞĺĚ 9ů12% ĞŉŗĚĩŊŀŏĮƦĬĝƞĺĚėĺŅĴĝŊŘĬĪňŗĮĸŀħĳńĵ
ĽņľĶńĭĔŅĶŏĔŖĭŏĴĸŖħœĺƟĔƞŀĬĔŅĶėńŗĺȮĔŅĶŀĭŐľƟĚĪňŗħňėĺĶĪņŀĵƞŅĚĽĴŗņŏĽĴŀŐĸŃľĸňĔŏĸňŗĵĚĔŅĶŀĭŐľƟĚĪňŗ
ŀŋĦľĳŌĴŇĽŌĚŏĔŇĬœĮľĶŊŀĬŅĬŏĔŇĬœĮȮŏıŊŗŀĮƚŀĚĔńĬœĴƞŒľƟŏĴĸŖħĽŌĠŏĽňĵėŋĦĳŅıŀŊŗĬŕȮŏĝƞĬȮĔĸŇŗĬĶĽȮľĶŊŀŏĔŇħ
ĔŅĶŐĨĔľńĔŏĽňĵľŅĵěŅĔĔŅĶŐľƟĚŏĔŇĬœĮȮŒĬĪŅĚĮĢŇĭńĨŇȮįŌƟįĸŇĨŀŅěŒĝƟĺŇīňĨŅĔĭĬĸŅĬľĶŊŀĭĬĨŃŐĔĶĚĵĔ
ĽŌĚĪňŗŀŅĔŅĻĩƞŅĵŏĪħňȮľĶŊŀŒĝƟŏėĶŊŗŀĚŀĭėĺĭėŋĴŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬŏıŊŗŀŒľƟœħƟėĺŅĴĝŊŘĬĮĸŅĵĪŅĚĪňŗ
ĨƟŀĚĔŅĶȮıĶƟŀĴĪńŘĚĴňĔŅĶıĸŇĔĔŀĚŏĴĸŖħŐĸŃĨĶĺěĺńħėĺŅĴĝŊŘĬŏĮƦĬĶŃĵŃŕȮŏıŊŗŀŒľƟĴńŗĬŒěĺƞŅĪŋĔĽƞĺĬĕŀĚ
ŏĴĸŖħĔŅŐĲŐľƟĚĽĴŗņŏĽĴŀŐĸŃœĴƞĴňĽƞĺĬŒħĪňŗėĺŅĴĝŊŘĬĽŌĚėƟŅĚŀĵŌƞ 
 ĔŅĶėĺĭėŋĴėĺŅĴĝŊŘĬŒĬĔŅĶěńħŏĔŖĭȮŏĴŊŗŀŏĴĸŖħĔŅŐĲįƞŅĬĔŅĶŀĭŐľƟĚœħƟėĺŅĴĝŊŘĬĨŅĴĨƟŀĚĔŅĶ
ŐĸƟĺ ĔŅĶŏĔŖĭĶńĔļŅ ěŃĨƟŀĚĮƚŀĚĔńĬœĴƞŒľƟŏĴĸŖħħŌħėĺŅĴĝŊŘĬĔĸńĭŏĕƟŅœĮŀňĔěŅĔĽĳŅıŐĺħĸƟŀĴĳŅĵĬŀĔȮ
įŌƟįĸŇĨŐĸŃįŌƟĽƞĚŀŀĔĔŅŐĲĴńĔŏĔŖĭŏĴĸŖħĔŅŐĲĽŅĶŒĬĳŅĝĬŃľĶŊŀĭĶĶěŋĳńĦĤƢĪňŗĮƕħįĬŉĔĴŇħĝŇħȮŏĝƞĬȮ
ĩŋĚıĸŅĽĨŇĔľĬŅŐĭĭĽŌĠĠŅĔŅĻȮľĶŊŀĩŋĚĭĶĶěŋĪňŗĴňĝńŘĬĮƚŀĚĔńĬėĺŅĴĝŊŘĬȮ&ŏĝƞĬȮĩŋĚȮGrainPro ĪňŗĔńĬŀŅĔŅĻ
ŏĕƟŅŀŀĔ' ĭĶĶěŋĳńĦĤƢŏľĸƞŅĬňŘĝƞĺĵĮƚŀĚĔńĬėĺŅĴĝŊŘĬĳŅĵĬŀĔŐĸŃŏĝŊŘŀĮĬŏĮƘƨŀĬœĴƞŒľƟŏĕƟŅĽŌƞŏĴĸŖħŒĬĶŃľĺƞŅĚ
ĔŅĶŏĔŖĭŐĸŃĔŅĶĕĬĽƞĚȮĬŀĔěŅĔĬňŘėĺĶŏĔŖĭŏĴĸŖħĔŅŐĲœĺƟŒĬĽĩŅĬĪňŗĪňŗŐľƟĚŐĸŃŏĵŖĬıŀĽĴėĺĶȮŏıŊŗŀĝŃĸŀ
ĮĢŇĔŇĶŇĵŅĔŅĶŏĽŊŗŀĴĽĳŅıĪŅĚŏėĴňŐĸŃĝňĺĳŅıĕŀĚŏĴĸŖħȮĶŃľĺƞŅĚĔŅĶěńħŏĔŖĭėĺĶĴňĔŅĶĨĶĺěĽŀĭĶŃħńĭ
ėĺŅĴĝŊŘĬĕŀĚŏĴĸŖħŀĵƞŅĚĽĴŗņŏĽĴŀľĶŊŀŀĵƞŅĚĬƟŀĵėĺĭėŋĴĽĳŅıŐĺħĸƟŀĴȮ&ŏĝƞĬȮėĺŅĴĝŊŘĬĽńĴıńĪīƢŐĸŃ
ŀŋĦľĳŌĴŇ'ȮœĴƞŒľƟŏĔŇĬŏĔĦĤƢĪňŗĔņľĬħȮĞŉŗĚěŃĝƞĺĵĶńĔļŅėŋĦĳŅıŏĴĸŖħĔŅŐĲŒĬĶŃĵŃĵŅĺœħƟħňȮľŅĔıĭĺƞŅ
ŏĴĸŖħĔŅŐĲĴňėĺŅĴĝŊŘĬĽŌĚĕŉŘĬįŇħĮĔĨŇȮ&ŏĝƞĬȮŒĬķħŌİĬĪňŗėĺŅĴĝŊŘĬĭĶĶĵŅĔŅĻĽŌĚ'ȮįŌƟŏĔŖĭĶńĔļŅŀŅěĬņŏĴĸŖħ
ŀŀĔĴŅĨŅĔįŉŗĚĸĴľĶŊŀŀĭĞŘņŒľƟėĺŅĴĝŊŘĬĸħĸĚĽŌƞĶŃħńĭĮĸŀħĳńĵĔƞŀĬĬņœĮŏĔŖĭĨƞŀ 
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 0,/,1,7ȮįĸĔĶŃĪĭĕŀĚėĺŅĴĝŊŘĬĨƞŀėŋĦĳŅıĕŀĚŏĴĸŖħĔŅŐĲ 
  ĶŃħńĭėĺŅĴĝŊŘĬĪňŗĴŅĔľĶŊŀĬƟŀĵŏĔŇĬœĮĸƟĺĬĽƞĚįĸĨƞŀ ėŋĦĳŅıħƟŅĬĔĸŇŗĬ, ĶĽĝŅĨŇȮŐĸŃ
ŀŅĵŋĔŅĶŏĔŖĭĶńĔļŅ ĕŀĚŏĴĸŖħĔŅŐĲȮħńĚĶŅĵĸŃŏŀňĵħĨƞŀœĮĬňŘȮȮ[13] 

  Ȯ0,/,1,7,/ȮįĸĔĶŃĪĭĕŀĚėĺŅĴĝŊŘĬĪňŗĽŌĚŏĔŇĬœĮŒĬŏĴĸŖħĔŅŐĲ 
   ĔŅĶĪňŗŏĴĸŖħĔŅŐĲĴňėĺŅĴĝŊŘĬŏĔŇĬĶŃħńĭĴŅĨĶģŅĬȮ&ĴŅĔĔĺƞŅȮ/0#'ȮĩŊŀŏĮƦĬ

ĮƤěěńĵŏĽňŗĵĚĽņėńĠĪňŗĽƞĚįĸĨƞŀĪńŘĚėŋĦĳŅıĕŀĚŏĴĸŖħŐĸŃėĺŅĴĮĸŀħĳńĵŒĬĔŅĶĭĶŇőĳėȮėĺŅĴĝŊŘĬĽƞĺĬŏĔŇĬĬňŘ
ŏĮƦĬĽĳŅıŐĺħĸƟŀĴĪňŗŏľĴŅŃĽĴĨƞŀĔŅĶŏěĶŇĠĕŀĚěŋĸŇĬĪĶňĵƢȮőħĵŏĜıŅŃŏĝŊŘŀĶŅȮŏĝƞĬȮAspergillus spp. ĞŉŗĚ
ĽŅĴŅĶĩĽĶƟŅĚĽŅĶıŇļĮĶŃŏĳĪŀŃĲĸŅĪŀĔĞŇĬȮ&Aflatoxin) ŐĸŃőŀėĶŅĪŀĔĞŇĬȮ&Ochratoxin) ĪňŗŏĮƦĬ
ŀńĬĨĶŅĵĨƞŀĽŋĕĳŅıľŅĔĮĬŏĮƘƨŀĬŒĬĮĶŇĴŅĦĽŌĚȮȮĬŀĔěŅĔėĺŅĴŏĽňŗĵĚĪŅĚĽŋĕĳŅıŐĸƟĺȮėĺŅĴĝŊŘĬĪňŗĴŅĔ
ŏĔŇĬœĮĵńĚĽƞĚįĸŒľƟŏĔŇħĔŅĶľĴńĔĳŅĵŒĬŏĴĸŖħőħĵœĴƞĨńŘĚŒěȮĪņŒľƟŏĔŇħĔĸŇŗĬŏľĴŖĬŀńĭȮ&stale odor) ŐĸŃ
ĶĽĝŅĨŇĪňŗįŇħĮĔĨŇľĶŊŀœĴƞĬƞŅħŊŗĴȮŏĝƞĬȮĔĸŇŗĬĶŅȮĔĸŇŗĬŏĮĶňŘĵĺȮľĶŊŀĶĽŏĔƞŅȮŏĴĸŖħĔŅŐĲŒĬĽĳŅıĬňŘĵńĚĴňŐĬĺőĬƟĴ
ŏĔŇħĔŅĶŏĽŊŗŀĴėŋĦĳŅıŀĵƞŅĚĶĺħŏĶŖĺȮőħĵŏĜıŅŃŏĴŊŗŀŀĵŌƞŒĬĶŃľĺƞŅĚĔŅĶŏĔŖĭĶńĔļŅľĶŊŀĕĬĽƞĚȮĪņŒľƟŀŅĵŋ
ĔŅĶŏĔŖĭĽńŘĬĸĚŀĵƞŅĚĴňĬńĵĽņėńĠȮŐĸŃŒĬĪŅĚĔŅĶėƟŅȮŏĴĸŖħĔŅŐĲĪňŗĴňėĺŅĴĝŊŘĬŏĔŇĬŏĔĦĤƢĴńĔĽŌĠŏĽňĵėŋĦėƞŅ
ĪŅĚĨĸŅħȮŏĬŊŗŀĚěŅĔĔĸŇŗĬȮĶĽȮŐĸŃėŋĦĳŅıĸħĸĚěĬĽŅĴŅĶĩĨĶĺěěńĭœħƟĝńħŏěĬȮĽƞĚįĸĨƞŀėĺŅĴĬƞŅŏĝŊŗŀĩŊŀ
ĕŀĚįŌƟįĸŇĨŐĸŃőŀĔŅĽŒĬĔŅĶĕŅĵőħĵĶĺĴȮħńĚĬńŘĬȮĔŅĶėĺĭėŋĴėĺŅĴĝŊŘĬŒľƟėĚĪňŗŒĬĝƞĺĚȮ/.ů/0#ȮěŉĚŏĮƦĬ
ĕƟŀĔņľĬħĽņėńĠŏıŊŗŀĶńĔļŅėŋĦĳŅıŐĸŃėĺŅĴĮĸŀħĳńĵĕŀĚįĸŇĨĳńĦĤƢĔŅŐĲ 

  0,/,1,7,0ȮįĸĔĶŃĪĭĕŀĚėĺŅĴĝŊŘĬĪňŗĨŗņŏĔŇĬœĮŒĬŏĴĸŖħĔŅŐĲ 
   ŒĬĕĦŃĪňŗėĺŅĴĝŊŘĬĪňŗĴŅĔŏĔŇĬœĮŏĮƦĬĮƤĠľŅȮėĺŅĴĝŊŘĬĪňŗĨŗņŏĔŇĬĴŅĨĶģŅĬȮȮȮȮȮ

&ĨŗņĔĺƞŅȮ7ů/.#'ȮĔŖĽƞĚįĸŏĽňĵĨƞŀėŋĦĳŅıĕŀĚŏĴĸŖħĔŅŐĲŀĵƞŅĚĴňĬńĵĽņėńĠŏĝƞĬĔńĬȮŏĴĸŖħĪňŗŐľƟĚŏĔŇĬœĮěŃ
ĽŌĠŏĽňĵĬŘņľĬńĔŐĸŃėĺŅĴĝŊŘĬĳŅĵŒĬĪňŗěņŏĮƦĬĨƞŀĔŅĶĶńĔļŅėĺŅĴĽħŒľĴƞȮĞŉŗĚĽƞĚįĸŒľƟĔĸŇŗĬľŀĴĨŅĴ
īĶĶĴĝŅĨŇĸħĸĚȮŐĸŃŀĚėƢĮĶŃĔŀĭĶĽĝŅĨŇĭŅĚĽƞĺĬĽĸŅĵœĮŀĵƞŅĚĶĺħŏĶŖĺȮĬŀĔěŅĔĬňŘȮŏĴĸŖħĪňŗĴňėĺŅĴĝŊŘĬ
ĨŗņĴŅĔěŃĴňőėĶĚĽĶƟŅĚŏĮĶŅŃĭŅĚȮŐĨĔľńĔœħƟĚƞŅĵĶŃľĺƞŅĚĔŅĶĕĬĽƞĚľĶŊŀĔĶŃĭĺĬĔŅĶĽňŏĮĸŊŀĔȮĪņŒľƟœħƟ
ŏĴĸŖħĪňŗŐĨĔŏĽňĵľŅĵĞŉŗĚĽƞĚįĸĨƞŀėŋĦĳŅıĶĺĴĕŀĚįĸįĸŇĨȮŐĸŃŒĬħƟŅĬĮĶŃĽŅĪĽńĴįńĽȮŏĴĸŖħĔŅŐĲĪňŗŐľƟĚ
ŏĔŇĬœĮĴńĔŒľƟĶĽĝŅĨŇĪňŗěŊħěŅĚȮĕŅħėĺŅĴľĺŅĬȮėĺŅĴľŀĴȮŐĸŃĴŇĨŇĕŀĚĶĽȮ&flavour complexity) ĪņŒľƟ
ĔŅŐĲĪňŗœħƟĴňĶĽĕĴŐĸŃİŅħŏħƞĬĕŉŘĬȮĞŉŗĚœĴƞŏĮƦĬĪňŗĨƟŀĚĔŅĶĕŀĚįŌƟĭĶŇőĳėĪńŗĺœĮȮĵŇŗĚœĮĔĺƞŅĬńŘĬȮŒĬĔĶŃĭĺĬĔŅĶ
ėńŗĺȮėĺŅĴĝŊŘĬĨŗņŏĔŇĬœĮĪņŒľƟĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬŏĕƟŅĽŌƞŏĴĸŖħŏĶŖĺŏĔŇĬȮĽƞĚįĸŒľƟŏĴĸŖħŏĔŇħĔŅĶœľĴƟĪňŗįŇĺ
ĳŅĵĬŀĔĔƞŀĬĪňŗĳŅĵŒĬěŃĽŋĔĪńŗĺĩŉĚȮĔŅĶėńŗĺěŉĚŀŀĔĴŅœĴƞĽĴŗņŏĽĴŀȮŐĸŃĪņŒľƟĔŅŐĲĪňŗœħƟĴňĶĽĕĴœľĴƟȮŏĽňĵ
ĽĴħŋĸĕŀĚĶĽĝŅĨŇœĮ ħƟĺĵŏľĨŋĬňŘȮįŌƟŏĝňŗĵĺĝŅĠħƟŅĬĔŅĶėńŗĺĔŅŐĲěŉĚŒľƟėĺŅĴĽņėńĠĔńĭĔŅĶėĺĭėŋĴėĺŅĴĝŊŘĬ
ĕŀĚŏĴĸŖħŒľƟŀĵŌƞŒĬĝƞĺĚĪňŗŏľĴŅŃĽĴȮőħĵĪńŗĺœĮŀĵŌƞĪňŗĮĶŃĴŅĦȮ/.ů/0#ȮŏıŊŗŀĶńĔļŅėŋĦĳŅıȮĔĸŇŗĬĶĽȮŐĸŃ
ėĺŅĴĵŊħľĵŋƞĬŒĬĔŅĶėĺĭėŋĴőĮĶœĲĸƢĔŅĶėńŗĺŒľƟœħƟįĸĸńıīƢĪňŗħňĪňŗĽŋħ 
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 2.1.3.10ȮĴŅĨĶģŅĬĶŃħńĭėĺŅĴĝŊŘĬŒĬŀŋĨĽŅľĔĶĶĴĔŅŐĲ 
  ŏıŊŗŀĶńĭĮĶŃĔńĬėŋĦĳŅıŐĸŃėĺŅĴĮĸŀħĳńĵĕŀĚŏĴĸŖħĔŅŐĲ ľĸŅĵľĬƞĺĵĚŅĬĪńŘĚŒĬ
ĮĶŃŏĪĻŐĸŃĽŅĔĸœħƟĔņľĬħĴŅĨĶģŅĬľĶŊŀĕƟŀŐĬŃĬņ ŏĔňŗĵĺĔńĭĶŃħńĭėĺŅĴĝŊŘĬĕŀĚŏĴĸŖħĔŅŐĲœĺƟħńĚĬňŘ 
Ȯ  0,/,1,/.,/ȮĴŅĨĶģŅĬĽŇĬėƟŅŏĔļĨĶĕŀĚĮĶŃŏĪĻœĪĵȮ 
   ĽņĬńĔĚŅĬĴŅĨĶģŅĬĽŇĬėƟŅŏĔļĨĶŐĸŃŀŅľŅĶŐľƞĚĝŅĨŇȮĔĶŃĪĶĺĚŏĔļĨĶŐĸŃ
ĽľĔĶĦƢȮœħƟĮĶŃĔŅĻĴŅĨĶģŅĬĽŇĬėƟŅŏĔļĨĶĽņľĶńĭŏĴĸŖħĔŅŐĲőĶĭńĽĨƟŅȮ&ĴĔļ,Ȯ570.-254/) ĨŅĴ
ıĶŃĶŅĝĭńĠĠńĨŇĴŅĨĶģŅĬĽŇĬėƟŅŏĔļĨĶȮı,Ļ,Ȯ2551ȮĔņľĬħŒľƟŏĴĸŖħĔŅŐĲĽŅĶĨƟŀĚĴňėĺŅĴĝŊŘĬœĴƞŏĔŇĬȮ
12.5% őħĵĴĺĸ ŏıŊŗŀŒľƟœħƟėŋĦĳŅıĨŅĴŏĔĦĤƢŐĸŃĮƚŀĚĔńĬĔŅĶŏĔŇħĮƤĠľŅŏĝŊŘŀĶŅľĶŊŀŐĴĸĚŒĬĶŃľĺƞŅĚ
ŏĔŖĭĶńĔļŅĴŅĨĶģŅĬĬňŘĽŀħėĸƟŀĚĔńĭŏĔĦĤƢĔŅĶŏĔŖĭĶńĔļŅĪňŗľĬƞĺĵĚŅĬĺŇěńĵĕŀĚœĪĵŐĬŃĬņȮŐĸŃŏĮƦĬ
ĨńĺŏĸĕŀƟŅĚŀŇĚĽņėńĠŒĬĔŅĶĞŊŘŀĕŅĵĔŅŐĲĽŅĶĳŅĵŒĬĮĶŃŏĪĻȮ[14] 

 0,/,1,/.,0ȮĴŅĨĶģŅĬĶŃħńĭėĺŅĴĝŊŘĬŒĬĶŃħńĭĽŅĔĸ 
  ŒĬĶŃħńĭĽŅĔĸȮŀĚėƢĔŅĶĔŅŐĲĶŃľĺƞŅĚĮĶŃŏĪĻȮ&International Coffee 

Organization, ICO) œħƟĶŃĭŋĝƞĺĚėĺŅĴĝŊŘĬĪňŗŏľĴŅŃĽĴĽņľĶńĭŏĴĸŖħĔŅŐĲħŇĭœĺƟĪňŗĮĶŃĴŅĦ 8ů12.5% 
őħĵĬŘņľĬńĔȮĩŊŀŏĮƦĬŏĔĦĤƢėĺŅĴĝŊŘĬĪňŗĮĸŀħĳńĵĽņľĶńĭĔŅĶėƟŅĕŅĵŐĸŃĕĬĽƞĚĔŅŐĲĪńŗĺőĸĔȮĕĦŃŏħňĵĺĔńĬ 
ĽĴŅėĴĔŅŐĲıŇŏĻļȮ&Specialty Coffee Association, SCA) ĞŉŗĚĔņľĬħĴŅĨĶģŅĬĽņľĶńĭĔŅŐĲ
ėŋĦĳŅıĽŌĚȮœħƟĶŃĭŋĺƞŅŏĴĸŖħĔŅŐĲĪňŗěŃěńħŀĵŌƞŒĬŏĔĶħıŇŏĻļėĺĶĴňėĺŅĴĝŊŘĬŀĵŌƞĶŃľĺƞŅĚ 9ů13% őħĵ
ĬŘņľĬńĔȮ&œĴƞŏĔŇĬȮ13%ȮĽņľĶńĭĔŅŐĲŏĔĶħıŇŏĻļ'ȮĬŀĔěŅĔĬňŘŀĚėƢĔĶŀĵƞŅĚ ĻŌĬĵƢĔŅĶėƟŅĶŃľĺƞŅĚĮĶŃŏĪĻȮ
&International Trade Centre, ITC) ŐĸŃįŌƟŏĝňŗĵĺĝŅĠŒĬŀŋĨĽŅľĔĶĶĴĔŅŐĲľĸŅĵĶŅĵĵńĚŐĬŃĬņĺƞŅ 
ĶŃħńĭėĺŅĴĝŊŘĬĮĶŃĴŅĦȮ11ů12% ŏĮƦĬĶŃħńĭĪňŗŏľĴŅŃĽĴŀĵƞŅĚĵŇŗĚŒĬĔŅĶĶńĔļŅėŋĦĳŅıĔĸŇŗĬĶĽĕŀĚ
ĔŅŐĲĶŃľĺƞŅĚĔŅĶŏĔŖĭĶńĔļŅŐĸŃĕĬĽƞĚȮħńĚĬńŘĬįŌƟĮĶŃĔŀĭĔŅĶĔŅŐĲĪńŗĺőĸĔěŉĚĵŉħĩŊŀŐĬĺĪŅĚĺƞŅėĺĶĶńĔļŅ
ėĺŅĴĝŊŘĬĕŀĚŏĴĸŖħĔŅŐĲŒľƟŀĵŌƞŒĬĝƞĺĚĮĶŃĴŅĦȮ10ů12% ŐĸŃœĴƞŒľƟŏĔŇĬȮ12.5ů13% ŏıŊŗŀŒľƟŏĮƦĬœĮĨŅĴ
ĴŅĨĶģŅĬėŋĦĳŅıŐĸŃľĸňĔŏĸňŗĵĚĮƤĠľŅĪňŗŀŅěŏĔŇħĕŉŘĬȮ[8] 

0,1.4 ĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲ 
 ĮƤěěŋĭńĬĴňŏėĶŊŗŀĚěńĔĶŐĸŃŏĪėőĬőĸĵňľĸŅĔľĸŅĵ ĪňŗĩŌĔĬņĴŅŒĝƟŏıŊŗŀĝƞĺĵŒľƟĔŅĶŀĭŐľƟĚŏĴĸŖħ
ĔŅŐĲŒľƟĴňĮĶŃĽŇĪīŇĳŅıŐĸŃėĺĭėŋĴœħƟĴŅĔĕŉŘĬȮĪńŘĚĬňŘĔŖŏıŊŗŀŐĔƟĮƤĠľŅĕƟŀěņĔńħĕŀĚĔŅĶĨŅĔŐħħĸƟĺĬŕȮ
ŏĝƞĬȮĕŉŘĬĔńĭħŇĬĲƚŅŀŅĔŅĻȮŒĝƟŏĺĸŅĬŅĬȮŐĸŃĨƟŀĚŒĝƟŐĶĚĚŅĬĴŅĔŒĬĔŅĶħŌŐĸȮĴňľĸŅĵľĸŅĵĶŌĮŐĭĭħńĚĬňŘ 
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 0,1.2.1ȮŏėĶŊŗŀĚŀĭŐľƟĚŐĭĭĔĸȮ&Mechanical Dryers)Ȯ 

  ŏėĶŊŗŀĚŀĭŐľƟĚŐĭĭĔĸ [22] ĽņľĶńĭįŌƟįĸŇĨľĶŊŀőĶĚĚŅĬĕĬŅħŒľĠƞȮĴńĔŒĝƟŏėĶŊŗŀĚěńĔĶŒĬ
ĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲŐĪĬĔŅĶıŉŗĚıŅŐħħĪńŘĚľĴħȮŏėĶŊŗŀĚŀĭŐľƟĚŏľĸƞŅĬňŘĴňľĸŅĵŐĭĭȮŏĝƞĬ ŏėĶŊŗŀĚŀĭ
ŐĭĭľĴŋĬĔĶŃĭŀĔȮ&Rotary Drum Dryer ľĶŊŀĪňŗĭŅĚėĶńŘĚŏĶňĵĔĺƞŅȮGuardiola Dryer) ĞŉŗĚĳŅĵŒĬŏĮƦĬ
ĪĶĚĔĶŃĭŀĔľĴŋĬœħƟŐĸŃĴňĸĴĶƟŀĬŏĮƙŅįƞŅĬȮĪņŒľƟŏĴĸŖħĔŅŐĲĪňŗŀĵŌƞĳŅĵŒĬĩŌĔıĸŇĔŏėĸƟŅőħĵŀńĨőĬĴńĨŇŐĸŃ
ŐľƟĚŀĵƞŅĚĽĴŗņŏĽĴŀ, ŏėĶŊŗŀĚŀĭŐĬĺĨńŘĚȮ&Vertical Dryer) ĪňŗŏĴĸŖħěŃėƞŀĵŕȮœľĸĸĚĨŅĴŐĶĚőĬƟĴĩƞĺĚįƞŅĬ
ĝńŘĬĪňŗĴňĸĴĶƟŀĬŏĮƙŅȮŏĮƦĬĨƟĬȮĕƟŀħňĕŀĚĔŅĶŒĝƟŏėĶŊŗŀĚŀĭėŊŀĽŅĴŅĶĩĸħŏĺĸŅĔŅĶĪņŐľƟĚŏľĸŊŀŏıňĵĚľĸńĔ
ĝńŗĺőĴĚĩŉĚœĴƞĔňŗĺńĬȮ&ĕŉŘĬĔńĭĝĬŇħŏėĶŊŗŀĚ'ȮŏĴŊŗŀŏĪňĵĭĔńĭľĸŅĵĽńĮħŅľƢŒĬĔŅĶĨŅĔŐħħȮŀňĔĪńŘĚĵńĚėĺĭėŋĴ
ŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬœħƟėƞŀĬĕƟŅĚėĚĪňŗȮŀĵƞŅĚœĶĔŖĨŅĴĨƟŀĚĶŃĺńĚœĴƞŒĝƟŀŋĦľĳŌĴŇĽŌĚŏĔŇĬœĮȮŏıĶŅŃěŃĪņŒľƟ
ŏĴĸŖħŏĔŇħėĺŅĴŏĽňĵľŅĵĳŅĵŒĬŐĸŃėŋĦĳŅıĸħĸĚȮħńĚĪňŗĚŅĬĺŇěńĵĶŅĵĚŅĬĺƞŅ ĔŅĶŀĭħƟĺĵŀŋĦľĳŌĴŇĽŌĚŏĔŇĬȮ
&ŏĝƞĬ >45 °C) ĽŅĴŅĶĩĸħŀŅĵŋĔŅĶŏĔŖĭĶńĔļŅŐĸŃĪņŒľƟőėĶĚĽĶƟŅĚŏĴĸŖħŏĮĶŅŃĭŅĚĕŉŘĬȮħńĚĬńŘĬőĶĚĚŅĬ
ŒľĠƞȮŕȮěŉĚĴńĔŀĭĪňŗŀŋĦľĳŌĴŇĔĸŅĚȮŕȮ&30ů40 °C) ŐĸŃŒĝƟŏĺĸŅĬŅĬıŀėĺĶŏıŊŗŀĶńĔļŅėŋĦĳŅıȮ&ŏĶňĵĔĺƞŅ
ŐĬĺĪŅĚȮLow-Temperature Long-Humidity drying, LTLH) ĞŉŗĚıĭĺƞŅĽŅĴŅĶĩĶńĔļŅĽňŐĸŃĽŅĶ
ĭŅĚŀĵƞŅĚœħƟħňĔĺƞŅŀĭŏĶŖĺĪňŗŀŋĦľĳŌĴŇĽŌĚȮ[15] 

 2.1.4.2ȮȮőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮ&Solar Dryer) 
  ĨńŘĚŐĨƞŀħňĨěĬĩŉĚĮƤěěŋĭńĬ ĳŅėŏĔļĨĶĔĶĶĴĩŊŀŏĮƦĬĶŅĔģŅĬĽņėńĠĪňŗĴňĭĪĭŅĪĨƞŀĶŅĵœħƟ
ĕŀĚĮĶŃŏĪĻĴŅŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮŀĵƞŅĚœĶĔŖĨŅĴȮĨĸŀħĶŃĵŃŏĺĸŅĪňŗįƞŅĬĴŅȮŏĔļĨĶĔĶĨƟŀĚŏįĝŇĠĔńĭĮƤĠľŅ
įĸįĸŇĨŀŀĔĽŌƞĨĸŅħŒĬĝƞĺĚŏĺĸŅŏħňĵĺĔńĬěņĬĺĬĴŅĔȮĽƞĚįĸŒľƟĶŅėŅįĸįĸŇĨĨĔĨŗņŐĸŃĴňėĺŅĴĽŌĠŏĽňĵěŅĔ
ĔŅĶŏĬƞŅŏĽňĵŏĮƦĬěņĬĺĬĴŅĔȮħƟĺĵŏľĨŋĬňŘěŉĚŏĔŇħŐĬĺĪŅĚŒĬĔŅĶŐĮĶĶŌĮįĸįĸŇĨĪŅĚĔŅĶŏĔļĨĶŏıŊŗŀĵŊħŀŅĵŋ
ĔŅĶŏĔŖĭĶńĔļŅȮőħĵŏĜıŅŃĔŅĶŀĭŐľƟĚȮĞŉŗĚŏĮƦĬĔĶŃĭĺĬĔŅĶĸħėĺŅĴĝŊŘĬŀŀĔěŅĔįĸįĸŇĨőħĵŒĝƟıĸńĚĚŅĬ
ėĺŅĴĶƟŀĬȮŏĝƞĬȮěŅĔĬŘņĶƟŀĬľĶŊŀœŀĬŘņȮŐĴƟĔĶŃĭĺĬĔŅĶĬňŘěŃĴňĔŅĶŒĝƟıĸńĚĚŅĬŒĬĶŃħńĭĽŌĚȮŐĨƞľŅĔĬņ
ıĸńĚĚŅĬĪħŐĪĬȮŏĝƞĬȮıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĴŅŒĝƟŒĬĔĶŃĭĺĬĔŅĶŀĭŐľƟĚȮ&ĪňŗŏĶňĵĔĺƞŅ őĶĚŀĭŐľƟĚıĸńĚĚŅĬ
ŐĽĚŀŅĪŇĨĵƢ) ěŃĽŅĴŅĶĩĸħĨƟĬĪŋĬħƟŅĬıĸńĚĚŅĬĸĚœħƟŀĵƞŅĚĴňĬńĵĽņėńĠȮŐĸŃŏĮƦĬŐĬĺĪŅĚĪňŗĽŀħėĸƟŀĚĔńĭ
ľĸńĔĔŅĶıńĥĬŅŀĵƞŅĚĵńŗĚĵŊĬŒĬĳŅėŏĔļĨĶĔĶĶĴ [16] 
  őĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮ[17]ȮŏĮƦĬŏĪėőĬőĸĵňĪňŗĝƞĺĵįĽŅĬĕƟŀħňĕŀĚĔŅĶŒĝƟ
ıĸńĚĚŅĬěŅĔŐĽĚŐħħŐĸŃĔŅĶŀŀĔŐĭĭőĶĚŏĶŊŀĬľĶŊŀŀŋĮĔĶĦƢŀĭŐľƟĚŒľƟėĺĭėŋĴĽĳŅıŐĺħĸƟŀĴœħƟ
ĭŅĚĽƞĺĬȮŏĨŅŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĴńĔĴňĸńĔļĦŃŏĮƦĬőĶĚŏĶŊŀĬıĸŅĽĨŇĔŒĽľĶŊŀĔĸƞŀĚĪňŗĭŋħƟĺĵĜĬĺĬ
ĞŉŗĚŐĽĚŀŅĪŇĨĵƢĽƞŀĚįƞŅĬœħƟȮĳŅĵŒĬĴňĝńŘĬĨŃŐĔĶĚĽņľĶńĭĔĶŃěŅĵįĸĔŅŐĲȮėĸƟŅĵŏĶŊŀĬĔĶŃěĔĕĬŅħŏĸŖĔĪňŗ
ĝƞĺĵŏıŇŗĴŀŋĦľĳŌĴŇŐĸŃĸħėĺŅĴĝŊŘĬĳŅĵŒĬŒľƟŏľĴŅŃĔńĭĔŅĶŀĭŐľƟĚȮĶƞĺĴĔńĭĔŅĶĮƚŀĚĔńĬİŋƙĬȮİĬȮŐĸŃŐĴĸĚȮ
ĭŅĚĶŃĭĭŀŅěĨŇħĨńŘĚıńħĸĴľĶŊŀĮĸƞŀĚĶŃĭŅĵėĺŅĴĝŊŘĬŏıŊŗŀŒľƟŀŅĔŅĻĩƞŅĵŏĪŐĸŃėĺĭėŋĴėĺŅĴĝŊŘĬĳŅĵŒĬ
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œħƟħňĵŇŗĚĕŉŘĬȮĔŅĶŒĝƟőĶĚŀĭŐĽĚŀŅĪŇĨĵƢĝƞĺĵŒľƟĔŅŐĲŐľƟĚŏĶŖĺĕŉŘĬŐĸŃĮĸŀħĳńĵěŅĔĽĳŅıŀŅĔŅĻŐĮĶĮĶĺĬȮ
ĴŅĔĔĺƞŅĔŅĶĨŅĔĭĬĸŅĬĔĸŅĚŐěƟĚŀĵƞŅĚŏħňĵĺȮĔĶĦňĻŉĔļŅěŅĔŏĴŖĔĞŇőĔıĭĺƞŅĔŅĶıńĥĬŅŏĨŅŀĭŐľƟĚŐĭĭ
ŒĝƟĺńĽħŋĪƟŀĚĩŇŗĬȮ&œĴƟŐĸŃıĸŅĽĨŇĔ'ȮĽŅĴŅĶĩĸħŏĺĸŅĔŅĶĨŅĔĸĚȮ2.#ȮŐĸŃĸħĚŅĬıĸŇĔĔĸńĭ-ŏĔŖĭŏĴĸŖħĸĚȮ
3.#ȮŏĴŊŗŀŏĪňĵĭĔńĭĔŅĶĨŅĔĭĬıŊŘĬĮŌĬĞňŏĴĬĨƢŐĭĭŏħŇĴȮĪńŘĚĵńĚœħƟŏĴĸŖħĪňŗĽŃŀŅħĕŉŘĬȮœĴƞĴňİŋƙĬħŇĬĮĬŐĸŃœĴƞ
ĴňĔĸŇŗĬėĺńĬľĶŊŀĔĸŇŗĬŀŉĽńĨĺƢĮŃĮĬŏľĴŊŀĬĭŅĚĺŇīňħńŘĚŏħŇĴ 

őĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮ[1]ȮŏĮƦĬŏĪėőĬőĸĵňĪňŗŀŀĔŐĭĭĴŅŏıŊŗŀŒĝƟŒĬĔŅĶĸħ
ėĺŅĴĝŊŘĬĕŀĚįĸŇĨĳńĦĤƢĪŅĚĔŅĶŏĔļĨĶĪńŘĚŒĬĔĸŋƞĴıŊĝŐĸŃĽńĨĺƢȮŏĝƞĬȮĔĸƟĺĵĨŅĔȮıĶŇĔŐľƟĚȮĮĸŅŐħħŏħňĵĺȮ
ŐĸŃŏĬŊŘŀŐħħŏħňĵĺȮőħĵŀŅĻńĵıĸńĚĚŅĬėĺŅĴĶƟŀĬěŅĔŐĽĚŀŅĪŇĨĵƢŏĮƦĬŐľĸƞĚıĸńĚĚŅĬľĸńĔŒĬĔŅĶŀĭŐľƟĚȮ
ĩŊŀŏĮƦĬĪŅĚŏĸŊŀĔĪňŗĝƞĺĵĸħĔŅĶıŉŗĚıŅıĸńĚĚŅĬěŅĔŏĝŊŘŀŏıĸŇĚĲŀĽĞŇĸȮŐĸŃĴňŐĬĺőĬƟĴĽŀħėĸƟŀĚĔńĭŐĬĺ
ĪŅĚĔŅĶįĸŇĨĪňŗŏĮƦĬĴŇĨĶĔńĭĽŇŗĚŐĺħĸƟŀĴ őĶĚŀĭŐľƟĚĮĶŃŏĳĪĬňŘœħƟĶńĭĔŅĶĺŇěńĵŐĸŃıńĥĬŅŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮ
őħĵŏĜıŅŃĶŃĭĭĪňŗŒĝƟőėĶĚĽĶƟŅĚŐĭĭŏĶŊŀĬĔĶŃěĔȮ&Solar Drying System) ĞŉŗĚĪņĚŅĬĨŅĴľĸńĔĔŅĶĕŀĚ
ĮĶŅĔĢĔŅĶĦƢŏĶŊŀĬĔĶŃěĔȮĔĸƞŅĺėŊŀȮőėĶĚĽĶƟŅĚěŃĔńĔŏĔŖĭėĺŅĴĶƟŀĬěŅĔŐĽĚŀŅĪŇĨĵƢĳŅĵŒĬőĶĚŀĭȮĝƞĺĵ
ŏıŇŗĴŀŋĦľĳŌĴŇĳŅĵŒĬľƟŀĚŀĭŒľƟŏľĴŅŃĽĴĔńĭĔĶŃĭĺĬĔŅĶĸħėĺŅĴĝŊŘĬĕŀĚįĸŇĨįĸȮĶŃĭĭĬňŘĴňĕƟŀħňħƟŅĬ
ĨƟĬĪŋĬĪňŗĨŗņȮĪńŘĚŒĬĔŅĶĔƞŀĽĶƟŅĚŐĸŃĔŅĶħņŏĬŇĬĚŅĬȮĪņŒľƟŏľĴŅŃĽĴĔńĭĔŅĶĮĶŃĵŋĔĨƢŒĝƟŒĬĶŃħńĭĝŋĴĝĬ
ŐĸŃĳŅėŏĔļĨĶĔĶĶĴĕĬŅħŏĸŖĔĩŉĚĮŅĬĔĸŅĚ ħńĚŐĽħĚŒĬĳŅıĪňŗȮ0,8 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

ĳŅıĪňŗȮ0,8ȮľĸńĔĔŅĶĪņĚŅĬĕŀĚőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮ[16] 
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ľĸńĔĔŅĶĪņĚŅĬĕŀĚőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮ&ĨŅĴĳŅıĪňŗȮ0,6' 
ĶŃĭĭőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĪņĚŅĬőħĵŀŅĻńĵľĸńĔĔŅĶėĸƟŅĵĔńĭȮ

ĮĶŅĔĢĔŅĶĦƢŏĶŊŀĬĔĶŃěĔȮĞŉŗĚĽŅĴŅĶĩŀīŇĭŅĵœħƟŏĮƦĬĸņħńĭĕńŘĬĨŀĬħńĚĬňŘ 
ŒĬĕńŘĬĨŀĬŐĶĔȮ&ěŋħĪňŗȮ/'ȮĶńĚĽňěŅĔħĺĚŀŅĪŇĨĵƢĪňŗĴňėĺŅĴĵŅĺėĸŊŗĬľĸŅĔľĸŅĵěŃĨĔ

ĔĶŃĪĭľĸńĚėŅĕŀĚőĶĚŀĭŐľƟĚȮĞŉŗĚĴńĔŒĝƟĺńĽħŋőĮĶƞĚŐĽĚŀĵƞŅĚŐįƞĬőıĸňėŅĶƢĭŀŏĬĨŏĮƦĬĺńĽħŋĔńĬŐħħȮĺńĽħŋ
ħńĚĔĸƞŅĺěŃĽŃĪƟŀĬĶńĚĽňŀńĸĨĶŅœĺőŀŏĸĨĭŅĚĽƞĺĬĔĸńĭŀŀĔœĮȮ&ěŋħĪňŗȮ0'ȮĕĦŃĪňŗĶńĚĽňŐĽĚŀŅĪŇĨĵƢŒĬĝƞĺĚ
ėĸŊŗĬĽńŘĬĽŅĴŅĶĩĪŃĸŋįƞŅĬŐĸŃŏĕƟŅĽŌƞĳŅĵŒĬőĶĚŀĭœħƟȮ&ěŋħĪňŗȮ1'ȮŏĴŊŗŀĶńĚĽňėĸŊŗĬĽńŘĬŏľĸƞŅĬňŘĨĔĔĶŃĪĭĔńĭ
ıŊŘĬįŇĺŐĸŃĺńĽħŋĨƞŅĚȮŕȮĳŅĵŒĬőĶĚŀĭȮŏĝƞĬȮıŊŘĬȮįĬńĚȮľĶŊŀĺńĽħŋĶŀĚĶńĭįĸŇĨĳńĦĤƢȮ&ěŋħĪňŗȮ2'ȮěŃŏĔŇħĔŅĶ
ħŌħĔĸŊĬıĸńĚĚŅĬȮĽƞĚįĸŒľƟıĸńĚĚŅĬŐĽĚĩŌĔŐĮĸĚŏĮƦĬıĸńĚĚŅĬėĺŅĴĶƟŀĬȮĶńĚĽňėĸŊŗĬĽńŘĬĪňŗĩŌĔħŌħĔĸŊĬěŃ
ĽŌĠŏĽňĵıĸńĚĚŅĬŐĸŃŏĮĸňŗĵĬŏĮƦĬĶńĚĽňėĸŊŗĬĵŅĺľĶŊŀĶńĚĽňŀŇĬĲĶŅŏĶħȮ&ĶńĚĽňėĺŅĴĶƟŀĬ'ȮĞŉŗĚœĴƞĽŅĴŅĶĩĪŃĸŋ
įƞŅĬŐįƞĬőıĸňėŅĶƢĭŀŏĬĨŀŀĔĽŌƞĳŅĵĬŀĔœħƟȮ&ěŋħĪňŗȮ3'ȮĽƞĚįĸŒľƟŀŋĦľĳŌĴŇĳŅĵŒĬľƟŀĚŀĭŏıŇŗĴĕŉŘĬȮėĺŅĴĶƟŀĬ
ĪňŗĽŃĽĴĳŅĵŒĬőĶĚŀĭěŃĩŌĔĩƞŅĵŏĪœĮĵńĚįĸŇĨĳńĦĤƢȮ&ěŋħĪňŗȮ4'ȮĪņŒľƟĬŘņŒĬįĸŇĨĳńĦĤƢĶŃŏľĵŀŀĔĽŌƞ
ĭĶĶĵŅĔŅĻĳŅĵŒĬőĶĚŀĭȮ&ěŋħĪňŗȮ5'ȮěŅĔĬńŘĬŀŅĔŅĻĪňŗĴňėĺŅĴĝŊŘĬĽŌĚěŃĩŌĔĶŃĭŅĵŀŀĔįƞŅĬĶŃĭĭıńħĸĴħŌħ
ŀŅĔŅĻȮ&ěŋħĪňŗȮ6'ȮĞŉŗĚŒĝƟıĸńĚĚŅĬěŅĔŐįĚŏĞĸĸƢŐĽĚŀŅĪŇĨĵƢȮ&ěŋħĪňŗȮ7'ȮŏĮƦĬŐľĸƞĚěƞŅĵœĲĲƚŅȮıńħĸĴěŃĪņ
ľĬƟŅĪňŗįĸńĔħńĬŀŅĔŅĻĶƟŀĬĝŊŘĬŀŀĔěŅĔőĶĚŀĭŐĸŃħŉĚŏŀŅŀŅĔŅĻŒľĴƞěŅĔĳŅĵĬŀĔĪňŗĴňŀŋĦľĳŌĴŇŐĸŃ
ėĺŅĴĝŊŘĬĨŗņŏĕƟŅĽŌƞĶŃĭĭŐĪĬĪňŗȮ&ěŋħĪňŗȮ/.'ȮĝƞĺĵĶńĔļŅĽĳŅıŐĺħĸƟŀĴĳŅĵŒĬŒľƟŀĵŌƞŒĬĶŃħńĭĪňŗŏľĴŅŃĽĴ
ĽņľĶńĭĔŅĶŀĭŐľƟĚŀĵƞŅĚĨƞŀŏĬŊŗŀĚ 

 2.1.4.2,/ȮĔŅĶĪņĚŅĬŐĸŃĶŌĮŐĭĭĕŀĚőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢ 
  ĔŅĶıńĥĬŅőĶĚŀĭŐľƟĚĽŅĴŅĶĩŐĭƞĚĶŌĮŐĭĭŀŀĔŏĮƦĬȮ1ȮĮĶŃŏĳĪȮħńĚĬňŘ 

/'ȮĔŅĶŀĭŐľƟĚŐĭĭıŅĽĞňĲȮ&Passive Drying)Ȯ 
 ĔŅĶŀĭŐľƟĚŐĭĭœĴƞŀŅĻńĵĔŅĶĕńĭŏėĸŊŗŀĬĕŀĚŀŅĔŅĻȮ&Passive) ŏĮƦĬĔĶŃĭĺĬĔŅĶ

ŀĭŐľƟĚĪňŗœĴƞŒĝƟıńħĸĴľĶŊŀŀŋĮĔĶĦƢĝƞĺĵŒĬĔŅĶľĴŋĬŏĺňĵĬŀŅĔŅĻŐĸŃėĺŅĴĶƟŀĬĳŅĵŒĬőĶĚŀĭŐľƟĚȮŐĨƞěŃŀŅĻńĵ
ĔŅĶœľĸŏĺňĵĬĕŀĚŀŅĔŅĻĨŅĴīĶĶĴĝŅĨŇŏıňĵĚŀĵƞŅĚŏħňĵĺȮŏıŊŗŀĩƞŅĵŏĪėĺŅĴĝŊŘĬŀŀĔěŅĔįĸŇĨĳńĦĤƢ 

0'ȮĔŅĶŀĭŐľƟĚŐĭĭŐŀėĪňĲȮ&Active Drying) 
 ĔŅĶŀĭŐľƟĚŐĭĭŀŅĻńĵŏėĶŊŗŀĚĝƞĺĵŒľƟŀŅĔŅĻľĴŋĬŏĺňĵĬœĮŒĬĪŇĻĪŅĚĪňŗĨƟŀĚĔŅĶȮ

&Active) ŏĮƦĬĶŃĭĭĪňŗŒĝƟŀŋĮĔĶĦƢȮŏĝƞĬȮıńħĸĴĪňŗĽŅĴŅĶĩħŌħŀŅĔŅĻŀŀĔěŅĔĳŅĵŒĬŐĸŃĪņŒľƟŀŅĔŅĻœľĸ
įƞŅĬįĸŇĨĳńĦĤƢĪňŗŀĭŐľƟĚȮŏıŊŗŀŒĝƟŒĬĔŅĶėĺĭėŋĴŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬĪňŗĨƟŀĚĔŅĶ 

1'ȮĔŅĶŀĭŐľƟĚŐĭĭœŁĭĶŇħȮ&Hybrid Drying) 
 ŏĮƦĬĔĶŃĭĺĬĔŅĶŀĭŐľƟĚĪňŗįĽŅĬĔŅĶŒĝƟıĸńĚĚŅĬėĺŅĴĶƟŀĬěŅĔŐĽĚŀŅĪŇĨĵƢ

ĶƞĺĴĔńĭŐľĸƞĚıĸńĚĚŅĬŏĽĶŇĴŀŊŗĬȮŏĝƞĬȮıĸńĚĚŅĬœĲĲƚŅȮıĸńĚĚŅĬěŅĔĔŅĶŏįŅĔƠŅĞľŋĚĨƟĴȮ&LPG) ľĶŊŀŀŋĮĔĶĦƢ
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ĽĶƟŅĚėĺŅĴĶƟŀĬěŅĔĔŅĶħŌħĔĸŊĬĶńĚĽňŐĽĚȮ&Solar Absorber) ŏıŊŗŀŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĔŅĶŀĭŐľƟĚŐĸŃ
ĶŀĚĶńĭĽĳŅĺŃĪňŗĴňŐĽĚŀŅĪŇĨĵƢœĴƞŏıňĵĚıŀŐĽħĚŒĬĳŅıĪňŗȮ0,7 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 0,/,2,0,0ȮőėĶĚĽĶƟŅĚőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢ ĕĬŅħȮ1Ȯx 4 ŏĴĨĶ 
   őĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĕĬŅħȮ1ȮxȮ2ȮŏĴĨĶȮľĶŊŀĪňŗŏĶňĵĔĺƞŅȮ
 ıŅĶŅőĭĸŅőħĴŵȮŏĮƦĬőėĶĚĽĶƟŅĚĪňŗŀŀĔŐĭĭĴŅŏıŊŗŀŒĝƟıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢŒĬĔŅĶŀĭŐľƟĚįĸŇĨĳńĦĤƢ
ĪŅĚĔŅĶŏĔļĨĶľĶŊŀŀŅľŅĶȮőħĵĴňĽƞĺĬĮĶŃĔŀĭľĸńĔħńĚĬňŘȮ&ħńĚŐĽħĚŒĬĳŅıĪňŗȮ2.1.' 

 /'ȮőėĶĚĽĶƟŅĚľĸńĔȮĪņěŅĔŏľĸŖĔĔńĸĺŅœĬĞƢľĶŊŀŀĸŌĴŇŏĬňĵĴĪňŗĴňėĺŅĴŐĕŖĚŐĶĚŐĸŃ
ĪĬĪŅĬȮŏıŊŗŀĶŀĚĶńĭĬŘņľĬńĔŐĸŃĽĳŅĺŃŐĺħĸƟŀĴĨƞŅĚȮŕ 

 0'ȮĺńĽħŋőĮĶƞĚŒĽĽņľĶńĭįĬńĚŐĸŃľĸńĚėŅȮŒĝƟŐįƞĬőıĸňėŅĶƢĭŀŏĬĨŐĭĭŒĽĪňŗŏėĸŊŀĭĽŅĶ
ĮƚŀĚĔńĬĶńĚĽňŀńĸĨĶŅœĺőŀŏĸĨȮ&UV) ŏıŊŗŀŒľƟŐĽĚŐħħĽƞŀĚįƞŅĬœħƟħňŐĸŃŏĔŖĭėĺŅĴĶƟŀĬœĺƟĳŅĵŒĬőĶĚŀĭ 

 1'ȮĶŃĭĭĩƞŅĵŏĪŀŅĔŅĻȮĨŇħĨńŘĚıńħĸĴħŌħŀŅĔŅĻŏıŊŗŀĝƞĺĵĶŃĭŅĵėĺŅĴĝŊŘĬŀŀĔěŅĔȮȮȮȮ
őĶĚŀĭȮőħĵıńħĸĴĬňŘĽŅĴŅĶĩŒĝƟıĸńĚĚŅĬěŅĔŐįĚőĞĸƞŅŏĞĸĸƢĪňŗĨŇħĨńŘĚĶƞĺĴħƟĺĵ 

 2'ȮıŊŘĬőĶĚŀĭȮıŊŘĬėŀĬĔĶňĨŏĽĶŇĴŏľĸŖĔȮĴňėĺŅĴŐĕŖĚŐĶĚȮĶŀĚĶńĭĬŘņľĬńĔĕŀĚįĸŇĨĳńĦĤƢ
ĪňŗĨƟŀĚĔŅĶŀĭŐľƟĚ Ȯ 

 
 

ĳŅıĪňŗȮ0,7ȮĶŌĮŐĭĭĔŅĶıńĥĬŅőĶĚŀĭŐľƟĚĪńŘĚȮ1ȮĮĶŃŏĳĪ 
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 0,/,2,0,1ȮĕƟŀħňŐĸŃĕƟŀŏĽňĵĕŀĚőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢ  

  őĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĴňĕƟŀħňľĸŅĵĮĶŃĔŅĶȮœħƟŐĔƞȮŒľƟįĸŇĨĳńĦĤƢĪňŗĴňĽňĽńĬ
ĽĺĵĚŅĴĽĴŗņŏĽĴŀȮĴňėĺŅĴĽŃŀŅħŐĸŃĮĸŀħĳńĵěŅĔİŋƙĬĸŃŀŀĚľĶŊŀŐĴĸĚȮėĺĭėŋĴĽĳŅıŐĺħĸƟŀĴœħƟħňȮ
ŐĸŃŒĝƟŏĺĸŅĬƟŀĵĔĺƞŅĔŅĶĨŅĔŐħħŐĭĭŏĮƕħőĸƞĚȮěŉĚĝƞĺĵĸħŏĺĸŅŐĸŃŐĶĚĚŅĬĪňŗŒĝƟȮĽƞĚįĸŒľƟĨƟĬĪŋĬĔŅĶįĸŇĨ
ĸħĸĚȮŀĵƞŅĚœĶĔŖĨŅĴȮĕƟŀěņĔńħĕŀĚĶŃĭĭėŊŀĶŃĵŃŏĺĸŅŒĬĔŅĶŀĭŐľƟĚĵńĚĕŉŘĬŀĵŌƞĔńĭĽĳŅıŀŅĔŅĻȮŐĸŃ
ĺńĽħŋĔƞŀĽĶƟŅĚőĶĚŀĭĴňĶŅėŅėƞŀĬĕƟŅĚĽŌĚȮěŉĚŀŅěŏĮƦĬŀŋĮĽĶĶėĨƞŀĔŅĶĸĚĪŋĬŒĬĶŃĵŃŏĶŇŗĴĨƟĬȮ[4] 
 
 

ĳŅıĪňŗȮ0,1.ȮĽƞĺĬĮĶŃĔŀĭĕŀĚőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮĕĬŅħȮ1ȮxȮ2ȮŏĴĨĶ 
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2.1.3ȮŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚȮ&Internet of Things : IoT) 
 ŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚȮľĶŊŀȮInternet of Things (IoT) ľĴŅĵĩŉĚȮĶŃĭĭŏėĶŊŀĕƞŅĵĪňŗ
ŏĝŊŗŀĴőĵĚŀŋĮĔĶĦƢŀŇŏĸŖĔĪĶŀĬŇĔĽƢŐĸŃŏĞĬŏĞŀĶƢĨƞŅĚȮŕȮŏĕƟŅħƟĺĵĔńĬįƞŅĬŀŇĬŏĪŀĶƢŏĬŖĨȮőħĵŀŋĮĔĶĦƢŏľĸƞŅĬňŘ
ĽŅĴŅĶĩĽŊŗŀĽŅĶȮŐĸĔŏĮĸňŗĵĬĕƟŀĴŌĸȮŐĸŃħņŏĬŇĬĔŅĶœħƟőħĵŀńĨőĬĴńĨŇȮŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚȮĩŌĔĬņœĮ
ĮĶŃĵŋĔĨƢŒĝƟŀĵƞŅĚŐıĶƞľĸŅĵŒĬľĸŅĵŀŋĨĽŅľĔĶĶĴȮŏĝƞĬȮŏĔļĨĶĔĶĶĴȮŀŋĨĽŅľĔĶĶĴĔŅĶįĸŇĨȮŏĴŊŀĚŀńěĜĶŇĵŃȮ
ŐĸŃĶŃĭĭĽŅīŅĶĦĽŋĕȮŏĮƦĬĨƟĬȮŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚĴňŏĮƚŅľĴŅĵŒĬĔŅĶĽĶƟŅĚėĺŅĴŏĝŊŗŀĴőĵĚ
ĶŃľĺƞŅĚŀŋĮĔĶĦƢĨƞŅĚŕȮŏıŊŗŀŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĪņĚŅĬȮŐĸŃŀņĬĺĵėĺŅĴĽŃħĺĔŏıŇŗĴėŋĦĳŅıĝňĺŇĨĕŀĚ
įŌƟŒĝƟĚŅĬȮőħĵĕƟŀĴŌĸĪňŗĶĺĭĶĺĴěŅĔŏĞĬŏĞŀĶƢĩŌĔĬņœĮĮĶŃĴĺĸįĸŏıŊŗŀŒĝƟŒĬĔŅĶĨńħĽŇĬŒěŐĭĭŏĶňĵĸœĪĴƢȮ[18] 
 ŏĪėőĬőĸĵňŀŇĬŏĪŀĶƢŏĬŖĨĕŀĚĽĶĶıĽŇŗĚȮ&Internet of Things: IoT) ŏĮƦĬŐĬĺėŇħĪňŗĔĸƞŅĺĩŉĚĔŅĶ
ŏĝŊŗŀĴĨƞŀĕŀĚŀŋĮĔĶĦƢľĶŊŀĽŇŗĚĕŀĚĨƞŅĚȮŕȮįƞŅĬĶŃĭĭŏėĶŊŀĕƞŅĵħŇěŇĪńĸȮŏıŊŗŀĔŅĶĶńĭĽƞĚĕƟŀĴŌĸȮĮĶŃĴĺĸįĸȮ
ŐĸŃĽńŗĚĔŅĶŐĭĭŀńĨőĬĴńĨŇȮőħĵŀŋĮĔĶĦƢĪňŗŏĔňŗĵĺĕƟŀĚȮľĶŊŀĪňŗŏĶňĵĔĺƞŅȮ Things" ľĶŊŀȮ Devices" œħƟŐĔƞȮ
ŏėĶŊŗŀĚĴŊŀĽņĬńĔĚŅĬȮŀŋĮĔĶĦƢŒĬĳŅėŏĔļĨĶĔĶĶĴȮŏėĶŊŗŀĚěńĔĶŒĬőĶĚĚŅĬŀŋĨĽŅľĔĶĶĴȮľŋƞĬĵĬĨƢȮŐĕĬĔĸȮ
ŀŋĮĔĶĦƢŒĬŀŅėŅĶȮĭƟŅĬŏĶŊŀĬȮŐĸŃĽŇŗĚĕŀĚŒĬĝňĺŇĨĮĶŃěņĺńĬȮŏĝƞĬȮĬŅưŇĔŅȮĶĩĵĬĨƢȮĨŌƟŏĵŖĬȮľĶŊŀŀŋĮĔĶĦƢ
ĶńĔļŅėĺŅĴĮĸŀħĳńĵȮĪńŘĚĬňŘŀŋĮĔĶĦƢŏľĸƞŅĬňŘěŃĨŇħĨńŘĚŏĞŖĬŏĞŀĶƢŏıŊŗŀĶńĭĶŌƟĽĳŅıŐĺħĸƟŀĴȮŐĸŃĴň
ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĽŊŗŀĽŅĶŐĭĭŏėĶŊŗŀĚĽŌƞŏėĶŊŗŀĚȮ&Machine-to-Machine Communication: M0M) 
įƞŅĬőıĶőĪėŀĸŐĸŃŏėĶŊŀĕƞŅĵħŇěŇĪńĸĪňŗŏľĴŅŃĽĴȮĔŅĶĽŊŗŀĽŅĶĶŃľĺƞŅĚŀŋĮĔĶĦƢŒĬĶŃĭĭȮIoT 
ŏĮĶňĵĭŏĽĴŊŀĬĔŅĶĽĬĪĬŅĶŃľĺƞŅĚŏėĶŊŗŀĚěńĔĶȮĞŉŗĚĝƞĺĵŒľƟĶŃĭĭĽŅĴŅĶĩĨŀĭĽĬŀĚŐĸŃħņŏĬŇĬĔŅĶœħƟ
ŀĵƞŅĚŀńĨőĬĴńĨŇȮĨńĺŀĵƞŅĚĔŅĶĮĶŃĵŋĔĨƢŒĝƟĪňŗŏľŖĬœħƟĝńħėŊŀŒĬĶŃĭĭŏĔļĨĶŀńěĜĶŇĵŃȮ&Smart Farm) ŏĝƞĬȮ
ĔŅĶėĺĭėŋĴĔŅĶŒľƟĬŘņĨƟĬœĴƟŀńĨőĬĴńĨŇȮŏĴŊŗŀŏĞŖĬŏĞŀĶƢĨĶĺěĺńħėĺŅĴĝŊŘĬŒĬħŇĬıĭĺƞŅėƞŅėĺŅĴĝŊŘĬĨŗņĔĺƞŅ
ĔņľĬħȮĶŃĭĭěŃĽƞĚĕƟŀĴŌĸŏıŊŗŀĽńŗĚĔŅĶŒľƟĶŃĭĭĶħĬŘņĪņĚŅĬĪńĬĪňȮĞŉŗĚĝƞĺĵŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶ
ěńħĔŅĶĪĶńıĵŅĔĶŐĸŃĸħĔŅĶĽŌĠŏĽňĵȮ[19] 

 0,1.3.1ȮľĸńĔĔŅĶĪņĚŅĬĕŀĚŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚ 
  ŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚȮĮĶŃĔŀĭħƟĺĵŀĚėƢĮĶŃĔŀĭľĸńĔȮ[20]ȮœħƟŐĔƞȮŀŋĮĔĶĦƢ
ŀńěĜĶŇĵŃȮ&Smart Devices) ŏĞĬŏĞŀĶƢȮ&Sensors) ĶŃĭĭĽŊŗŀĽŅĶœĶƟĽŅĵȮŐĸŃŐıĸĨĲŀĶƢĴėĸŅĺħƢȮ
&Cloud Platforms) őħĵŀŋĮĔĶĦƢěŃŏĔŖĭĶĺĭĶĺĴĕƟŀĴŌĸěŅĔŏĞĬŏĞŀĶƢȮŐĸƟĺĽƞĚĕƟŀĴŌĸįƞŅĬŏėĶŊŀĕƞŅĵ
ŀŇĬŏĪŀĶƢŏĬŖĨŏıŊŗŀĮĶŃĴĺĸįĸĪňŗėĸŅĺħƢȮŐĸŃĨŀĭĽĬŀĚĔĸńĭœĮĵńĚŀŋĮĔĶĦƢ ħńĚŐĽħĚŒĬĳŅıĪňŗȮ0,// 
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 2.1.3.0 ŀĚėƢĮĶŃĔŀĭĕŀĚŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚ 
   ĮĶŃĔŀĭħƟĺĵȮ5 ĽƞĺĬĽņėńĠĪňŗĪņĚŅĬĶƞĺĴĔńĬȮŏıŊŗŀŒľƟĶŃĭĭĽŅĴŅĶĩĨĶĺěěńĭȮ
ĮĶŃĴĺĸįĸȮŐĸŃĨŀĭĽĬŀĚœħƟŀĵƞŅĚŀńěĜĶŇĵŃȮ[21]ȮħńĚĬňŘȮ&ħńĚŐĽħĚŒĬĳŅıĪňŗȮ0,/0' 

  /'ȮĔŅĶĬņŏĕƟŅĕƟŀĴŌĸȮ&Data Ingestion) 
   ŀŋĮĔĶĦƢĨƞŅĚȮŕȮŏĝƞĬȮŏĞŖĬŏĞŀĶƢȮĔĸƟŀĚȮľĶŊŀĴŀŏĨŀĶƢȮěŃĪņľĬƟŅĪňŗĶńĭĕƟŀĴŌĸŏĕƟŅ

ĽŌƞĶŃĭĭȮŐĭƞĚŏĮƦĬĕƟŀĴŌĸŐĭĭĞńĭĞƟŀĬȮŏĝƞĬȮĺŇħňőŀŏĶňĵĸœĪĴƢȮŐĸŃĕƟŀĴŌĸŐĭĭœĴƞĞńĭĞƟŀĬȮŏĝƞĬȮėƞŅĬŘņľĬńĔ
ľĶŊŀŀŋĦľĳŌĴŇ 

  0'ȮĔŅĶĶńĭĽƞĚĕƟŀĴŌĸȮ&Data Transmission) 
   ĕƟŀĴŌĸĩŌĔĽƞĚįƞŅĬȮIoT Gateway œĮĵńĚŀŋĮĔĶĦƢľĶŊŀĶŃĭĭĮĶŃĴĺĸįĸȮőħĵŒĝƟ

ŏĪėőĬőĸĵňĽŊŗŀĽŅĶĨƞŅĚȮŕȮŏĝƞĬȮBluetooth, Wi-Fi, 2G, 3G, LoRa, NB-IoT ľĶŊŀŐĴƟŐĨƞĽŅĵȮLAN 
  1'ȮĔŅĶĮĶŃĴĺĸįĸĕƟŀĴŌĸȮ&Data Processing) 
   ĔŅĶĮĶŃĴĺĸįĸŀŅěŏĔŇħĪňŗěŋħŒĔĸƟŐľĸƞĚĕƟŀĴŌĸȮ&Edge Computing) ľĶŊŀĸĚ

ĭĬėĸŅĺħƢȮ&Cloud Computing) ŏıŊŗŀĶŀĚĶńĭĕƟŀĴŌĸěņĬĺĬĴŅĔŐĸŃĔŅĶĺŇŏėĶŅŃľƢŏĝŇĚĸŉĔ 
  2'ȮĔŅĶŐĽħĚįĸĕƟŀĴŌĸȮ&Data Visualization) 
   ĕƟŀĴŌĸĪňŗĮĶŃĴĺĸįĸŐĸƟĺěŃĩŌĔŐĽħĚįƞŅĬȮDashboard, ŐŀĮıĸŇŏėĝńĬȮľĶŊŀ

ŏĺŖĭœĞĨƢȮŒĬĶŌĮŐĭĭĔĶŅĲľĶŊŀĕƟŀėĺŅĴȮŏıŊŗŀŒľƟįŌƟŒĝƟĽŅĴŅĶĩĨĶĺěĽŀĭŐĸŃĽńŗĚĚŅĬœħƟĚƞŅĵ 
   
 

ĳŅıĪňŗȮ0,//ȮľĸńĔĔŅĶĪņĚŅĬĕŀĚŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚ 
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  3'ȮĔŅĶĺŇŏėĶŅŃľƢŐĸŃėŅħĔŅĶĦƢȮ&Data Analysis and Prediction) 
   ŒĝƟŏĪėĬŇėȮData Mining, Machine Learning ŐĸŃȮAI ĺŇŏėĶŅŃľƢĕƟŀĴŌĸŏıŊŗŀ

ĨńħĽŇĬŒěĸƞĺĚľĬƟŅȮŏĝƞĬȮėŅħĔŅĶĦƢĶŅėŅľŋƟĬȮľĶŊŀĮĶńĭĮĶŋĚĶŃĭĭŀńĨőĬĴńĨŇŒľƟŐĴƞĬĵņĵŇŗĚĕŉŘĬ 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 2.1.3.1ȮĔŅĶĮĶŃĵŋĔĨƢŒĝƟŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚ 

  ĔŅĶĮĶŃĵŋĔĨƢŒĝƟŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚȮėŊŀĔŅĶĬņŏĪėőĬőĸĵňŀŇĬŏĪŀĶƢŏĬŖĨ
ĮĶŃĽŅĬĽĶĶıĽŇŗĚȮœĮŏĝŊŗŀĴőĵĚŐĸŃėĺĭėŋĴŀŋĮĔĶĦƢĨƞŅĚȮŕȮįƞŅĬŀŇĬŏĪŀĶƢŏĬŖĨȮŏıŊŗŀŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŒĬ
ĔŅĶĪņĚŅĬȮĸħĨƟĬĪŋĬȮŐĸŃĽĶƟŅĚĶŃĭĭŀńěĜĶŇĵŃŒĬľĸŅĔľĸŅĵĳŅėĽƞĺĬħńĚŐĽħĚŒĬĳŅıĪňŗȮ0,/1Ȯőħĵ
ĽŅĴŅĶĩŐĭƞĚĔŅĶĮĶŃĵŋĔĨƢŒĝƟľĸńĔŕȮœħƟħńĚĬňŘ 
 /'ȮTransportation (ĔŅĶĕĬĽƞĚ'Ȯ: ĔŅĶŒĝƟŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚȮĽņľĶńĭĨŇħĨŅĴıŇĔńħȮ
GPS, ěńħĔŅĶĶŃĭĭĕĬĽƞĚĽŅīŅĶĦŃ, ĨĶĺěĽŀĭĔŅĶěĶŅěĶȮľĶŊŀėĺĭėŋĴĶŃĭĭőĸěŇĽĨŇĔĽƢŐĭĭŏĶňĵĸœĪĴƢ 
 0'ȮIndustry (ŀŋĨĽŅľĔĶĶĴ'Ȯ: ĔŅĶĬņŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚȮĴŅŒĝƟŒĬĶŃĭĭĔŅĶįĸŇĨ
ŀńĨőĬĴńĨŇ, ĨĶĺěĽŀĭĽĳŅıŏėĶŊŗŀĚěńĔĶ, ĔŅĶĞƞŀĴĭņĶŋĚŏĝŇĚėŅħĔŅĶĦƢȮ&Predictive Maintenance) ŐĸŃ
ĔŅĶĺŇŏėĶŅŃľƢĮĶŃĽŇĪīŇĳŅı 

ĳŅıĪňŗȮ0,/0ȮŀĚėƢĮĶŃĔŀĭĕŀĚŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚ [21] 



40 

 

 

 1'ȮMarket (ĨĸŅħ'Ȯ: ĔŅĶŒĝƟŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚȮŒĬĶŃĭĭȮPOS ŀńěĜĶŇĵŃ, ĔŅĶ
ĨŇħĨŅĴıķĨŇĔĶĶĴĸŌĔėƟŅ, ŐĸŃĔŅĶěńħĔŅĶĽŇĬėƟŅėĚėĸńĚŐĭĭŏĶňĵĸœĪĴƢ 
 2'ȮSchool (őĶĚŏĶňĵĬ'Ȯ: ĔŅĶŒĝƟŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚȮŒĬĔŅĶŏĶňĵĬĔŅĶĽŀĬŐĭĭȮ
Smart Board, ĨĶĺěĽŀĭĔŅĶŏĕƟŅŏĶňĵĬ, ĶŃĭĭėĺĭėŋĴŀŋĮĔĶĦƢĔŅĶŏĶňĵĬĶŌƟ 
 3'ȮVehicles (ĵŅĬıŅľĬŃ'Ȯ: ĔŅĶŒĝƟŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚȮŒĬĶŃĭĭĶĩŀńěĜĶŇĵŃȮ
&Smart Car), ĶŃĭĭŏĨŊŀĬŀŋĭńĨŇŏľĨŋ, ĶŃĭĭėĺĭėŋĴěĶŅěĶŐĸŃėĺŅĴĮĸŀħĳńĵ 
 6) Smart Cities (ŏĴŊŀĚŀńěĜĶŇĵŃ'Ȯ: ĔŅĶŒĝƟŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚȮŒĬĭĶŇľŅĶěńħĔŅĶ
őėĶĚĽĶƟŅĚıŊŘĬģŅĬȮŏĝƞĬȮœĲĩĬĬŀńĨőĬĴńĨŇ, ĔŅĶěńħĔŅĶĕĵŃ, ĶŃĭĭĬŘņ, ŐĸŃĔŅĶėĺĭėŋĴĴĸıŇļ 
 7) Agriculture (ĔŅĶŏĔļĨĶ'Ȯ: ĔŅĶŒĝƟŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚȮŒĬĔŅĶĺńħėĺŅĴĝŊŘĬĕŀĚ
ħŇĬ, ĔŅĶėĺĭėŋĴĔŅĶŒľƟĬŘņ, ĔŅĶŏĔŖĭĕƟŀĴŌĸĽĳŅıŀŅĔŅĻȮŏıŊŗŀĔŅĶŏıŅŃĮĸŌĔĪňŗĴňĮĶŃĽŇĪīŇĳŅı 
 8) Healthcare (ĽŅīŅĶĦĽŋĕ'Ȯ: ĔŅĶŒĝƟŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚȮĨŇħĨŅĴĕƟŀĴŌĸįŌƟĮƙĺĵ, ĺńħ
ĽńĠĠŅĦĝňıŐĭĭŏĶňĵĸœĪĴƢ, ŐĸŃŏĝŊŗŀĴĨƞŀĔńĭŐıĪĵƢįƞŅĬŀŋĮĔĶĦƢȮWearable 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ĳŅıĪňŗȮ0,/1ȮĔŅĶĮĶŃĵŋĔĨƢŒĝƟŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚ [21] 
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 2.1.3.2ȮĕƟŀħňŐĸŃĕƟŀŏĽňĵĕŀĚŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚ   

  ŏĪėőĬőĸĵňŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚȮľĶŊŀȮInternet of Things (IoT) œħƟŏĕƟŅĴŅĴň
ĭĪĭŅĪĽņėńĠŒĬľĸŅĵĳŅėĽƞĺĬȮĪńŘĚŒĬŀŋĨĽŅľĔĶĶĴȮŏĔļĨĶĔĶĶĴȮĽŅīŅĶĦĽŋĕȮŐĸŃĝňĺŇĨĮĶŃěņĺńĬȮőħĵ
ĪņľĬƟŅĪňŗŏĮƦĬĶŃĭĭĪňŗŏĝŊŗŀĴőĵĚŀŋĮĔĶĦƢĨƞŅĚȮŕȮŏĕƟŅĔńĭŀŇĬŏĪŀĶƢŏĬŖĨȮŏıŊŗŀŒľƟĽŅĴŅĶĩĽƞĚĕƟŀĴŌĸȮėĺĭėŋĴȮ
ŐĸŃĨŀĭĽĬŀĚĨƞŀŏľĨŋĔŅĶĦƢĨƞŅĚȮŕȮœħƟŐĭĭŀńĨőĬĴńĨŇȮŀĵƞŅĚœĶĔŖĨŅĴȮŐĴƟĺƞŅȮIoT ěŃĽĶƟŅĚėŋĦĮĶŃőĵĝĬƢ
ľĸŅĵĮĶŃĔŅĶȮŐĨƞĔŖĵńĚĴňĕƟŀěņĔńħŐĸŃėĺŅĴŏĽňŗĵĚĪňŗėĺĶıŇěŅĶĦŅŒĬŏĝŇĚĺŇĝŅĔŅĶŏıŊŗŀĔŅĶĬņœĮŒĝƟŀĵƞŅĚ
ŏľĴŅŃĽĴ 
  0,/,3,2,/ȮĕƟŀħňĕŀĚŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚ 
   ĔŅĶŒĝƟĚŅĬŏĪėőĬőĸĵňŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚȮĴňĕƟŀœħƟŏĮĶňĵĭŒĬľĸŅĵ
ħƟŅĬȮőħĵŏĜıŅŃŏĶŊŗŀĚȮėĺŅĴĽŃħĺĔĽĭŅĵȮŏĬŊŗŀĚěŅĔįŌƟŒĝƟĚŅĬĽŅĴŅĶĩėĺĭėŋĴŀŋĮĔĶĦƢœħƟěŅĔĶŃĵŃœĔĸ
įƞŅĬĽĴŅĶƢĪőĲĬľĶŊŀėŀĴıŇĺŏĨŀĶƢȮŏĝƞĬȮĔŅĶŏĮƕħ+ĮƕħœĲȮŏėĶŊŗŀĚĮĶńĭŀŅĔŅĻȮľĶŊŀĶŃĭĭŒľƟĬŘņŒĬĳŅė
ĔŅĶŏĔļĨĶȮŀňĔĪńŘĚȮŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶħņŏĬŇĬĚŅĬȮħƟĺĵĔŅĶĸħŏĺĸŅŐĸŃŐĶĚĚŅĬĴĬŋļĵƢȮŏĝƞĬȮŒĬ
őĶĚĚŅĬŀŋĨĽŅľĔĶĶĴĪňŗŒĝƟŏĞĬŏĞŀĶƢŏıŊŗŀĨĶĺěĺńħŐĸŃėĺĭėŋĴĔĶŃĭĺĬĔŅĶįĸŇĨŀĵƞŅĚŐĴƞĬĵņȮĬŀĔěŅĔĬňŘȮ
IoT ĵńĚĝƞĺĵȮĸħĨƟĬĪŋĬĔŅĶįĸŇĨȮŒĬĶŃĵŃĵŅĺȮőħĵŏĜıŅŃŒĬĶŃĭĭŏĔļĨĶŀńěĜĶŇĵŃĪňŗĽŅĴŅĶĩĶħĬŘņľĶŊŀŒľƟ
ĮŋƜĵĨŅĴėƞŅĪňŗĺńħœħƟěĶŇĚȮĞŉŗĚĸħĔŅĶĽŇŘĬŏĮĸŊŀĚĪĶńıĵŅĔĶȮŀňĔĪńŘĚĔŅĶŏĝŊŗŀĴőĵĚĕƟŀĴŌĸŐĭĭŏĶňĵĸœĪĴƢĵńĚŏŀŊŘŀŒľƟ
ŏĔŇħĔŅĶȮĺŇŏėĶŅŃľƢŐĸŃĨńħĽŇĬŒěĪňŗŐĴƞĬĵņĵŇŗĚĕŉŘĬȮŏĝƞĬȮĔŅĶŐěƟĚŏĨŊŀĬĳńĵȮľĶŊŀĔŅĶĞƞŀĴĭņĶŋĚŏėĶŊŗŀĚěńĔĶŏĝŇĚ
ıĵŅĔĶĦƢȮ&Predictive Maintenance) 

0,/,3,2,0ȮĕƟŀŏĽňĵĕŀĚŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚ 
   ĔŅĶıńĥĬŅŏĪėőĬőĸĵňŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚȮĵńĚŏįĝŇĠĔńĭėĺŅĴĪƟŅ
ĪŅĵĪňŗĽņėńĠȮőħĵŏĜıŅŃȮĔŅĶıŉŗĚıŅĶŃĭĭŀŇĬŏĪŀĶƢŏĬŖĨȮŀĵƞŅĚľĸňĔŏĸňŗĵĚœĴƞœħƟȮľŅĔŏĔŇħŏľĨŋĕńħĕƟŀĚŒĬ
ŏėĶŊŀĕƞŅĵŀŅěĪņŒľƟŀŋĮĔĶĦƢœĴƞĽŅĴŅĶĩĪņĚŅĬľĶŊŀėĺĭėŋĴœħƟĨŅĴĨƟŀĚĔŅĶȮŀňĔľĬŉŗĚĮƤĠľŅĪňŗĽņėńĠėŊŀȮ
ėĺŅĴĮĸŀħĳńĵĕŀĚĕƟŀĴŌĸȮŏĬŊŗŀĚěŅĔŀŋĮĔĶĦƢŒĬĶŃĭĭŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚŏĝŊŗŀĴĨƞŀĔńĬįƞŅĬ
ŏėĶŊŀĕƞŅĵŏħňĵĺĔńĬȮľŅĔœĴƞĴňĶŃĭĭĶńĔļŅėĺŅĴĮĸŀħĳńĵĪňŗŏĕƟĴĚĺħȮŀŅěŏĔŇħĔŅĶĶńŗĺœľĸĕŀĚĕƟŀĴŌĸľĶŊŀĩŌĔ
őěĴĨňěŅĔĳŅĵĬŀĔœħƟȮĬŀĔěŅĔĬňŘȮĔŅĶŒĝƟĚŅĬȮIoT ĵńĚĴňėĺŅĴŏĽňŗĵĚěŅĔȮĕƟŀįŇħıĸŅħŒĬĔŅĶĮĶŃĴĺĸįĸȮ
őħĵŏĜıŅŃŏĴŊŗŀŀŋĮĔĶĦƢľĶŊŀĞŀĲĨƢŐĺĶƢœĴƞœħƟĶńĭĔŅĶŀŀĔŐĭĭŀĵƞŅĚĶńħĔŋĴȮĞŉŗĚľŅĔĴňŀŋĮĔĶĦƢľĬŉŗĚŏĔŇħ
ĕƟŀįŇħıĸŅħȮěŃĽƞĚįĸĨƞŀĶŃĭĭőħĵĶĺĴȮŀŅěĪņŒľƟŏĔŇħėĺŅĴŏĽňĵľŅĵĪńŘĚĪŅĚĕƟŀĴŌĸŐĸŃĔŅĶĪņĚŅĬȮŐĸŃ
ĵńĚĴňĮĶŃŏħŖĬħƟŅĬȮĨƟĬĪŋĬŏĶŇŗĴĨƟĬĪňŗĽŌĚȮĽņľĶńĭĔŅĶěńħľŅŀŋĮĔĶĦƢŐĸŃőėĶĚĽĶƟŅĚıŊŘĬģŅĬȮŏĝƞĬȮŏĞĬŏĞŀĶƢȮ
ŐıĸĨĲŀĶƢĴėĸŅĺħƢȮŐĸŃĶŃĭĭĽŊŗŀĽŅĶȮĞŉŗĚŀŅěŏĮƦĬĕƟŀěņĔńħĽņľĶńĭŀĚėƢĔĶĕĬŅħŏĸŖĔľĶŊŀĔĸŋƞĴŏĔļĨĶĔĶ
ĶŅĵĵƞŀĵ 
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0,/,4 ėĺŅĴĶŌƟŏĔňŗĵĺĔńĭœĴőėĶėŀĬőĪĶĸŏĸŀĶƢŏĭŊŘŀĚĨƟĬ 
 œĴőėĶėŀĬőĪĶĸŏĸŀĶƢȮ&ŀńĚĔķļȮ8ȮMicrocontroller ĴńĔĵƞŀĺƞŅȮµC, uC ľĶŊŀȮMCU)ȮėŊŀȮ
ŀŋĮĔĶĦƢėĺĭėŋĴĕĬŅħŏĸŖĔȮĞŉŗĚĭĶĶěŋėĺŅĴĽŅĴŅĶĩĪňŗėĸƟŅĵėĸŉĚĔńĭĶŃĭĭėŀĴıŇĺŏĨŀĶƢ[22]ȮėŊŀŀŋĮĔĶĦƢ
ėĺĭėŋĴĕĬŅħŏĸŖĔĪňŗĶĺĴĺĚěĶĽņėńĠľĸŅĵĽƞĺĬŏĕƟŅœĺƟĳŅĵŒĬĝŇĮŏħňĵĺȮœħƟŐĔƞȮľĬƞĺĵĮĶŃĴĺĸįĸĔĸŅĚȮ
&Central Processing Unit: CPU), ľĬƞĺĵėĺŅĴěņȮ&ĪńŘĚȮROM ŐĸŃȮRAM), ľĬƞĺĵĮĶŃĴĺĸįĸĽńĠĠŅĦ
, ŐĸŃıŀĶƢĨĽņľĶńĭĶńĭůĽƞĚĕƟŀĴŌĸȮ&I/O Ports) ĞŉŗĚĩŊŀŏĮƦĬŀĚėƢĮĶŃĔŀĭľĸńĔĪňŗıĭŒĬĶŃĭĭėŀĴıŇĺŏĨŀĶƢ
ŏĝƞĬĔńĬȮŐĨƞĩŌĔŀŀĔŐĭĭŒľƟĴňĕĬŅħĔŃĪńħĶńħȮŒĝƟıĸńĚĚŅĬĨŗņȮŐĸŃŏľĴŅŃĽņľĶńĭĚŅĬėĺĭėŋĴŐĭĭİƤĚĨńĺŒĬ
ŀŋĮĔĶĦƢŀŇŏĸŖĔĪĶŀĬŇĔĽƢœĴőėĶėŀĬőĪĶĸŏĸŀĶƢĩŌĔŀŀĔŐĭĭŒľƟĽŅĴŅĶĩŏĕňĵĬőĮĶŐĔĶĴŏıŊŗŀėĺĭėŋĴĔŅĶ
ĪņĚŅĬĕŀĚĶŃĭĭĨƞŅĚȮŕȮœħƟŀĵƞŅĚŀŇĽĶŃȮįƞŅĬĔŅĶŏĕňĵĬėņĽńŗĚŒĬĳŅļŅőĮĶŐĔĶĴȮŏĝƞĬȮC, C++, ľĶŊŀȮ
Assembly ŏıŊŗŀėĺĭėŋĴĽńĠĠŅĦŀŇĬıŋĨůŏŀŅĨƢıŋĨȮ&Input/Output) œħƟőħĵĨĶĚȮœĴƞĺƞŅěŃŏĮƦĬĔŅĶ
ĨĶĺěěńĭĽĩŅĬŃĕŀĚŏĞŖĬŏĞŀĶƢȮľĶŊŀĔŅĶėĺĭėŋĴŀŋĮĔĶĦƢĨƞŅĚȮŕȮŏĝƞĬȮĶňŏĸĵƢȮĴŀŏĨŀĶƢȮľĸŀħœĲȮłĸłȮőħĵ
ĽŅĴŅĶĩĪņĚŅĬœħƟĪńŘĚĔńĭĽńĠĠŅĦħŇěŇĪńĸŐĸŃŐŀĬŃĸŖŀĔœĴőėĶėŀĬőĪĶĸŏĸŀĶƢĩŌĔĬņĴŅŒĝƟŀĵƞŅĚ
ŐıĶƞľĸŅĵŒĬĶŃĭĭŀńĨőĬĴńĨŇŐĸŃŀŋĮĔĶĦƢŀńěĜĶŇĵŃŒĬĝňĺŇĨĮĶŃěņĺńĬȮŏĝƞĬ ĶŃĭĭėĺĭėŋĴĽńĠĠŅĦœĲ
ěĶŅěĶ*ȮĶŃĭĭĶħĬŘņŀńĨőĬĴńĨŇ ŏĮƦĬĨƟĬȮĬŀĔěŅĔĬňŘȮœĴőėĶėŀĬőĪĶĸŏĸŀĶƢĶŋƞĬŒľĴƞĵńĚĶŀĚĶńĭĔŅĶŏĝŊŗŀĴĨƞŀ
ĔńĭŏėĶŊŀĕƞŅĵȮ&Networking Capability) ŏĝƞĬȮWi-Fi, Bluetooth, Zigbee ľĶŊŀȮEthernet ĪņŒľƟ
ĽŅĴŅĶĩĬņœĮıńĥĬŅŏĮƦĬĶŃĭĭėĺĭėŋĴĶŃĵŃœĔĸȮľĶŊŀĶŃĭĭĪňŗŏĝŊŗŀĴőĵĚĔńĭŀŇĬŏĪŀĶƢŏĬŖĨȮ&IoT ů 
Internet of Things) œħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ0,/2 
 

 

 

 

  

 

 

 

 

 

 

 

 
ĳŅıĪňŗȮ0,/2ȮőėĶĚĽĶƟŅĚőħĵĪńŗĺœĮĕŀĚœĴőėĶėŀĬőĪĶĸŏĸŀĶƢȮ[22] 
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 0,/,4,/ȮŀĚėƢĮĶŃĔŀĭľĸńĔĕŀĚœĴőėĶėŀĬőĪĶĸŏĸŀĶƢ 

  œĴőėĶėŀĬőĪĶĸŏĸŀĶƢŏĮƦĬŀŋĮĔĶĦƢŀŇŏĸŖĔĪĶŀĬŇĔĽƢĪňŗĶĺĴĺĚěĶĨƞŅĚȮŕȮœĺƟŒĬĨńĺŏħňĵĺŏıŊŗŀ

ŒĝƟėĺĭėŋĴĔŅĶĪņĚŅĬĕŀĚĶŃĭĭİƤĚĨńĺȮőħĵĴňŀĚėƢĮĶŃĔŀĭĽņėńĠŏĮƦĬȮ5 ĽƞĺĬȮĪňŗĪņľĬƟŅĪňŗĶƞĺĴĔńĬŀĵƞŅĚ

ŏĮƦĬĶŃĭĭȮħńĚĨƞŀœĮĬňŘȮȮ&ħńĚŐĽħĚŒĬĳŅıĪňŗȮ0,/3' 

  /'ȮľĬƞĺĵĮĶŃĴĺĸįĸĔĸŅĚȮ&CPU: Central Processing Unit) 

   ĪņľĬƟŅĪňŗŏĽĴŊŀĬĽĴŀĚĕŀĚœĴőėĶėŀĬőĪĶĸŏĸŀĶƢȮőħĵĶńĭėņĽńŗĚěŅĔ

ľĬƞĺĵėĺŅĴěņĴŅĮĶŃĴĺĸįĸĪńŘĚŒĬŏĝŇĚĨĶĶĔŃŐĸŃŏĸĕėĦŇĨȮıĶƟŀĴĪńŘĚėĺĭėŋĴĔŅĶĪņĚŅĬĕŀĚőĴħŌĸŀŊŗĬ

ĳŅĵŒĬĶŃĭĭȮĮĶŃĽŇĪīŇĳŅıĕŀĚľĬƞĺĵĮĶŃĴĺĸįĸĕŉŘĬŀĵŌƞĔńĭĽĩŅĮƤĨĵĔĶĶĴĪňŗŒĝƟĚŅĬȮŏĝƞĬȮĕĬŅħĭŇĨȮ&6Ȯ

ĭŇĨ, /4ȮĭŇĨ, 10ȮĭŇĨ'ȮŐĸŃėĺŅĴĩňŗĕŀĚĽńĠĠŅĦĬŅưŇĔŅĪňŗŒĝƟŒĬĔŅĶĕńĭŏėĸŊŗŀĬȮĨńĺŀĵƞŅĚŏĝƞĬȮŒĬĶŃĭĭ

ėĺĭėŋĴŏėĶŊŗŀĚĮĶńĭŀŅĔŅĻȮCPU ěŃĮĶŃĴĺĸįĸĕƟŀĴŌĸěŅĔŏĞŖĬŏĞŀĶƢŀŋĦľĳŌĴŇȮŐĸŃĨńħĽŇĬŒěĽńŗĚĔŅĶ

ėŀĴŏıĶĽŏĞŀĶƢŏıŊŗŀĶńĔļŅĶŃħńĭŀŋĦľĳŌĴŇŒľƟėĚĪňŗĨŅĴėƞŅĪňŗĨńŘĚœĺƟ 

  0'ȮľĬƞĺĵėĺŅĴěņȮ&Memory)Ȯ 

   ĽŅĴŅĶĩŐĭƞĚŀŀĔœħƟŏĮƦĬȮ0ȮĮĶŃŏĳĪľĸńĔȮœħƟŐĔƞ 

   &/'ȮľĬƞĺĵėĺŅĴěņőĮĶŐĔĶĴȮŏĝƞĬȮFlash Memory ŒĝƟŏĔŖĭĝŋħėņĽńŗĚĪňŗŏĕňĵĬœĺƟ

ĩŅĺĶŐĸŃœĴƞĽŌĠľŅĵŐĴƟœĴƞĴňœĲŏĸňŘĵĚȮŏĮĶňĵĭœħƟĔńĭŁŅĶƢħħŇĽĔƢĕŀĚĶŃĭĭėŀĴıŇĺŏĨŀĶƢ 

   &0'ȮľĬƞĺĵėĺŅĴěņĕƟŀĴŌĸȮŏĝƞĬȮRAM ŒĝƟŏĮƦĬıŊŘĬĪňŗĽņľĶńĭŏĔŖĭĕƟŀĴŌĸĝńŗĺėĶŅĺ

ĕĦŃĮĶŃĴĺĸįĸȮĞŉŗĚěŃĽŌĠľŅĵŏĴŊŗŀœĴƞĴňœĲĲƚŅľĸƞŀŏĸňŘĵĚȮŀĵƞŅĚœĶĔŖĨŅĴȮœĴőėĶėŀĬőĪĶĸŏĸŀĶƢĶŋƞĬŒľĴƞ

ŀŅěĶĺĴľĬƞĺĵėĺŅĴěņŐĭĭœĴƞĸĭŏĸŊŀĬȮŏĝƞĬȮEEPROM ĞŉŗĚĽŅĴŅĶĩŏĔŖĭĕƟŀĴŌĸœħƟŐĴƟŒĬĔĶĦňĪňŗœĴƞĴňœĲĲƚŅ

ľĸƞŀŏĸňŘĵĚȮŐĸŃĽŅĴŅĶĩŏĕňĵĬĕƟŀĴŌĸŒľĴƞœħƟħƟĺĵĔĶŃŐĽœĲĲƚŅ 

  1'ȮıŀĶƢĨŏĝŊŗŀĴĨƞŀŀŋĮĔĶĦƢĳŅĵĬŀĔȮ&Input/Output Ports) 

   ĪņľĬƟŅĪňŗŏĮƦĬĝƞŀĚĪŅĚŏĝŊŗŀĴőĵĚĶŃľĺƞŅĚœĴőėĶėŀĬőĪĶĸŏĸŀĶƢĔńĭŀŋĮĔĶĦƢ

ĳŅĵĬŀĔȮőħĵŐĭƞĚŏĮƦĬıŀĶƢĨŀŇĬıŋĨĽņľĶńĭĶńĭĕƟŀĴŌĸŏĕƟŅĽŌƞĶŃĭĭȮŏĝƞĬȮĽĺŇĨĝƢľĶŊŀŏĞŖĬŏĞŀĶƢȮŐĸŃıŀĶƢĨ

ŏŀŅĨƢıŋĨĽņľĶńĭĽƞĚĽńĠĠŅĦėĺĭėŋĴŀŀĔœĮĵńĚŀŋĮĔĶĦƢĨƞŅĚȮŕȮŏĝƞĬȮĔŅĶėĺĭėŋĴĔŅĶŏĮƕħůĮƕħľĸŀħœĲȮ

ĩŊŀŏĮƦĬĽƞĺĬĪňŗĽņėńĠŒĬĔŅĶĽĶƟŅĚĮĢŇĽńĴıńĬīƢĶŃľĺƞŅĚĶŃĭĭĔńĭĽĳŅıŐĺħĸƟŀĴ 

  2'ȮĭńĽĕƟŀĴŌĸȮ&Bus System) 

   ŏĮƦĬĝŋħĕŀĚŏĽƟĬĪŅĚĔŅĶĽƞĚĽńĠĠŅĦĳŅĵŒĬœĴőėĶėŀĬőĪĶĸŏĸŀĶƢȮŐĭƞĚ

ŀŀĔŏĮƦĬȮ1ȮĮĶŃŏĳĪȮėŊŀȮĭńĽĕƟŀĴŌĸȮ&Data Bus): ŒĝƟŒĬĔŅĶĽƞĚĕƟŀĴŌĸĶŃľĺƞŅĚľĬƞĺĵĨƞŅĚȮŕ*ȮĭńĽŐŀħŏħĶĽȮ

&Address Bus): ŒĝƟĶŃĭŋĨņŐľĬƞĚĕŀĚĕƟŀĴŌĸŒĬľĬƞĺĵėĺŅĴěņ*ȮĭńĽėĺĭėŋĴȮ&Control Bus): ŒĝƟĽƞĚ
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ĽńĠĠŅĦėĺĭėŋĴŐĸŃĔņĔńĭĔŅĶĪņĚŅĬĕŀĚőĴħŌĸĨƞŅĚȮŕĶŃĭĭĭńĽĬňŘĝƞĺĵŒľƟĔŅĶŐĸĔŏĮĸňŗĵĬĕƟŀĴŌĸĳŅĵŒĬ

œĴőėĶėŀĬőĪĶĸŏĸŀĶƢŏĮƦĬœĮŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıŐĸŃĶĺħŏĶŖĺ 

  3'ȮĺĚěĶĔņŏĬŇħĽńĠĠŅĦĬŅưŇĔŅȮ&Clock Generator) 

   ĴňĭĪĭŅĪŒĬĔŅĶĽĶƟŅĚěńĚľĺŃĔŅĶĪņĚŅĬŒľƟĔńĭĪŋĔŀĚėƢĮĶŃĔŀĭŒĬĶŃĭĭȮĞŉŗĚ

ėĺŅĴĩňŗĕŀĚĽńĠĠŅĦĬŅưŇĔŅěŃĴňįĸĨƞŀėĺŅĴŏĶŖĺŒĬĔŅĶĮĶŃĴĺĸįĸőħĵĶĺĴȮĵŇŗĚėĺŅĴĩňŗĽŌĚȮĔŅĶĪņĚŅĬ

ĕŀĚĶŃĭĭĔŖěŃĵŇŗĚĶĺħŏĶŖĺȮĪńŘĚĬňŘȮĳŅļŅĞňȮ&C language) ĴńĔĩŌĔŒĝƟŒĬĔŅĶŏĕňĵĬőĮĶŐĔĶĴėĺĭėŋĴ

œĴőėĶėŀĬőĪĶĸŏĸŀĶƢȮŏĬŊŗŀĚěŅĔŏĮƦĬĳŅļŅĶŃħńĭĔĸŅĚĪňŗĴňėĺŅĴĵŊħľĵŋƞĬŐĸŃĽŅĴŅĶĩėĺĭėŋĴŁŅĶƢħŐĺĶƢ

œħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅı 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ĳŅıĪňŗȮ0,/3ȮŀĚėƢĮĶŃĔŀĭľĸńĔĕŀĚœĴőėĶėŀĬőĪĶĸŏĸŀĶƢȮ[20] 
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0,/,4,0ȮœĴőėĶėŀĬőĪĶĸŏĸŀĶƢȮArduino 

  Arduino ŏĮƦĬĭŀĶƢħœĴőėĶėŀĬőĪĶĸŏĸŀĶƢȮ&Microcontroller) ĪňŗĶĺĴŏŀŅĨńĺ
œĴőėĶėŀĬőĪĶĸŏĸŀĶƢŐĸŃŀŋĮĔĶĦƢŀŊŗĬŕȮĴŅœĺƟŒĬĭŀĶƢħŏħňĵĺĔńĬȮŐĸŃĵńĚŏĮƕħŏįĵĕƟŀĴŌĸĨƞŅĚŕȮĪńŘĚĸŅĵĺĚěĶ
ŐĸŃőĮĶŐĔĶĴĨƞŅĚŕȮŏıŊŗŀŒľƟįŌƟŒĝƟĚŅĬĽŅĴŅĶĩĬņœĮıńĥĬŅĨƞŀœħƟĚƞŅĵŀŀĔŐĭĭĴŅŒľƟŒĝƟĚŅĬĚƞŅĵȮŏľĴŅŃĔńĭ
įŌƟŏĶŇŗĴĨƟĬŏĶňĵĬĶŌƟĔŅĶŏĕňĵĬőĮĶŐĔĶĴŐĸŃĺĚěĶŀŇŏĸŖĔĪĶŀĬŇĔĽƢȮŏľĴŊŀĬŏĮƦĬȮŴėŀĴıŇĺŏĨŀĶƢĕĬŅħěŇŚĺŵȮȮȮȮȮȮȮ
ĪňŗĽŅĴŅĶĩŒĝƟőĮĶŐĔĶĴȮArduino IDEȮŏıŊŗŀŏĕňĵĬőĮĶŐĔĶĴħƟĺĵĳŅļŅ C/C++ȮėĺĭėŋĴŀŋĮĔĶĦƢĨƞŅĚȮŕȮœħƟȮ
ŏĝƞĬȮœĲȮLED, ĴŀŏĨŀĶƢ, ŏĞŖĬŏĞŀĶƢ, ľĶŊŀŐĴƟŐĨƞěŀŐĽħĚįĸȮĮƤěěŋĭńĬȮArduinoȮĴňĭŀĶƢħŒľƟŏĸŊŀĔŒĝƟĚŅĬ
ĨŅĴėĺŅĴĩĬńħŐĸŃėĺŅĴŏľĴŅŃĽĴĴŅĔĔĺƞŅȮ0.ȮĶŋƞĬȮŐĨƞĸŃĶŋƞĬĔŖěŃĴňĕĬŅħėĺŅĴěŋȮėĺŅĴŏĶŖĺȮěņĬĺĬȮȮȮȮ
ĕŅŀŇĬıŋĨȮŏŀŅĨƢıŋĨȮĪňŗŐĨĔĨƞŅĚĔńĬŀŀĔœĮȮŏĝƞĬȮArduino UNO ħńĚŐĽħĚŒĬĳŅıĪňŗȮ0,/4 

 

 

 

 

 

 

 

 

 

 

 

 

 

ĽƞĺĬĮĶŃĔŀĭĕŀĚȮArduino BoardȮĴňħńĚĬňŘȮ&ħńĚŐĽħĚŒĬĳŅıĪňŗȮ0,/5' 

 ľĴŅĵŏĸĕȮ1ȮėŊŀȮ ȮUSB Plug 
 ľĴŅĵŏĸĕȮ2ȮėŊŀ ȮDigital Pin 2Ȯ-Ȯ13 
 ľĴŅĵŏĸĕȮ3ȮėŊŀ ȮAnalog Pin A0Ȯ-ȮA5 
 ľĴŅĵŏĸĕȮ4ȮėŊŀ ȮPower Supply Pin 
 ľĴŅĵŏĸĕȮ5ȮėŊŀ ȮExternal Power Supply 
 ľĴŅĵŏĸĕȮ6 ėŊŀȮ  Microcontroller 

ĳŅıĪňŗȮ0,/4ȮĸńĔļĦŃĕŀĚĭŀĶƢħœĴőėĶėŀĬőĪĶĸŏĸŀĶƢȮ[20] 
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0,/,5ȮȮŏėĶŊŗŀĚĴŊŀıńĥĬŅőĮĶŐĔĶĴȮArduinoȮIDE 
 Arduino IDE [23] ŏĮƦĬőĮĶŐĔĶĴĪňŗŒĝƟĽņľĶńĭĔŅĶŏĕňĵĬőĮĶŐĔĶĴėĺĭėŋĴŐĸŃĽŅĴŅĶĩĪņĔŅĶ
ŐĮĸĚœĲĸƢħńĚĔĸƞŅĺŏıŊŗŀĬņœĮŀńĮőľĸħĸĚĵńĚĭŀĶƢħȮArduino őħĵŏĶŅĽŅĴŅĶĩĪňŗěŃŏĸŊŀĔŒĝƟőĮĶŐĔĶĴŐĭĭȮ
online IDE ľĶŊŀȮdesktop IDE ĔŖœħƟ&ŒĬĚŅĬĺŇěńĵĬňŘȮěŃŀīŇĭŅĵŏĜıŅŃŐĭĭȮDesktop IDE ĪňŗŒĝƟĔńĭȮ
Windows OS ŏĪƞŅĬńŘĬ' őħĵĴňĸńĔļĦŃőĮĶŐĔĶĴĪňŗŒĝƟĚŅĬȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ0,/5 
 
 
 
 
 
 
 
 
 ĔŅĶŏĕňĵĬőĮĶŐĔĶĴĽņľĶńĭĭŀĶƢħœĴőėĶėŀĬőĪĶĸŏĸŀĶƢȮArduino ĽŅĴŅĶĩħņŏĬŇĬĔŅĶœħƟįƞŅĬ
ĽŀĚŐĬĺĪŅĚľĸńĔȮœħƟŐĔƞȮŏėĶŊŗŀĚĴŊŀıńĥĬŅŐĭĭŀŀĬœĸĬƢȮ&Online IDE) ŐĸŃŏėĶŊŗŀĚĴŊŀŐĭĭĨŇħĨńŘĚŒĬ
ŏėĶŊŗŀĚȮ&Desktop IDE) őħĵŐĨƞĸŃŐĭĭĴňĸńĔļĦŃĔŅĶŒĝƟĚŅĬĪňŗŐĨĔĨƞŅĚĔńĬħńĚĬňŘ 
 1'ȮőĮĶŐĔĶĴ Arduino Web Editor (Online IDE) 
   ŏĮƦĬŏėĶŊŗŀĚĴŊŀıńĥĬŅŐĭĭŀŀĬœĸĬƢĪňŗŒĝƟĚŅĬįƞŅĬŏĺŖĭŏĭĶŅĺƢŏĞŀĶƢȮőħĵįŌƟŒĝƟĚŅĬĽŅĴŅĶĩŏĕƟŅ
ŒĝƟĚŅĬœħƟěŅĔĪŋĔĪňŗĪňŗĴňŀŇĬŏĪŀĶƢŏĬŖĨįƞŅĬŏĺŖĭœĞĨƢ https://create.arduino.cc/editor ėĺŅĴĽŃħĺĔĕŀĚ
ĶŃĭĭĬňŘėŊŀœĴƞěņŏĮƦĬĨƟŀĚĨŇħĨńŘĚőĮĶŐĔĶĴĸĚŒĬŏėĶŊŗŀĚėŀĴıŇĺŏĨŀĶƢȮŐĸŃœĴƞĨƟŀĚħņŏĬŇĬĔŅĶŀńĮŏħĨĞŀĲĨƢŐĺĶƢ
ľĶŊŀœĸĭĶŅĶňħƟĺĵĨĬŏŀĚȮŏĬŊŗŀĚěŅĔĶŃĭĭěŃŏĝŊŗŀĴĨƞŀĔńĭģŅĬĕƟŀĴŌĸĔĸŅĚŐĸŃěńħĔŅĶŒľƟőħĵŀńĨőĬĴńĨŇȮĪńŘĚĬňŘȮ
őėƟħőĮĶŐĔĶĴĪňŗŏĕňĵĬěŃĩŌĔĭńĬĪŉĔœĺƟĭĬėĸŅĺħƢȮ&Cloud Storage) ĞŉŗĚĝƞĺĵŒľƟĽŅĴŅĶĩŏĕƟŅĩŉĚŐĸŃıńĥĬŅőėƟħ
ĨƞŀœħƟěŅĔŀŋĮĔĶĦƢŒħȮŕȮĪňŗŏĝŊŗŀĴĨƞŀĔńĭĭńĠĝňįŌƟŒĝƟ  

 0'ȮőĮĶŐĔĶĴ Arduino IDE for Desktop (Offline IDE) 
  ŏĮƦĬĞŀĲĨƢŐĺĶƢŐĭĭĨŇħĨńŘĚĸĚŒĬŏėĶŊŗŀĚįŌƟŒĝƟȮĞŉŗĚĨƟŀĚħŅĺĬƢőľĸħěŅĔŏĺŖĭœĞĨƢĪŅĚĔŅĶĕŀĚȮ
Arduino ĪňŗȮhttps://www.arduino.cc/en/software őħĵĴňŒľƟŏĸŊŀĔĨŇħĨńŘĚĨŅĴĶŃĭĭĮĢŇĭńĨŇĔŅĶȮŏĝƞĬȮ
Windows, macOS ŐĸŃȮLinux ĽņľĶńĭįŌƟŒĝƟĶŃĭĭĮĢŇĭńĨŇĔŅĶȮWindows /.ȮĕŉŘĬœĮȮ&42ȮĭŇĨ'ȮěŃĨƟŀĚ
ŏĸŊŀĔŏĺŀĶƢĝńĬĪňŗĶŀĚĶńĭȮŐĸŃħņŏĬŇĬĔŅĶĨŇħĨńŘĚįƞŅĬœĲĸƢȮ,EXE ĪňŗħŅĺĬƢőľĸħĴŅȮĕƟŀœħƟŏĮĶňĵĭĕŀĚĶŌĮŐĭĭĬňŘ
ėŊŀĽŅĴŅĶĩŒĝƟĚŅĬœħƟőħĵœĴƞĨƟŀĚŏĝŊŗŀĴĨƞŀŀŇĬŏĪŀĶƢŏĬŖĨȮŐĸŃįŌƟŒĝƟĽŅĴŅĶĩĔņľĬħŏĺŀĶƢĝńĬĕŀĚœĸĭĶŅĶňľĶŊŀ
ėŀĴœıŏĸŀĶƢœħƟŏŀĚŀĵƞŅĚĵŊħľĵŋƞĬ   
 

ĳŅıĪňŗȮ0,/5ȮőĮĶŐĔĶĴȮArduinoȮIDE 

https://create.arduino.cc/editor
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0,/,6Ȯ Blynk Application 

  Blynk Application [01] ėŊŀŐıĸĨĲŀĶƢĴĪňŗŒĝƟŒĬĔŅĶĽĶƟŅĚŐŀĮıĸŇŏėĝńĬĽņľĶńĭ
ėĺĭėŋĴŐĸŃĨĶĺěĽŀĭŀŋĮĔĶĦƢȮIoT (Internet of Things) įƞŅĬĽĴŅĶƢĪőĲĬľĶŊŀŐĪŖĭŏĸŖĨȮőħĵĽŅĴŅĶĩ
ŒĝƟĚŅĬœħƟĪńŘĚĭĬĶŃĭĭĮĢŇĭńĨŇĔŅĶȮAndroid ŐĸŃȮiOS ěŋħŏħƞĬĕŀĚȮBlynk ėŊŀėĺŅĴĽŃħĺĔŒĬĔŅĶıńĥĬŅ
ŐŀĮıĸŇŏėĝńĬŐĭĭœĴƞĨƟŀĚŏĕňĵĬőėƟħĽƞĺĬľĬƟŅěŀŏŀĚȮ&no front-end coding) ĞŉŗĚĝƞĺĵŒľƟĬńĔıńĥĬŅŐĸŃ
įŌƟŒĝƟĚŅĬĪńŗĺœĮĽŅĴŅĶĩĽĶƟŅĚŐħĝĭŀĶƢħĽņľĶńĭėĺĭėŋĴŀŋĮĔĶĦƢȮŏĝƞĬȮŏĮƕħůĮƕħıńħĸĴľĶŊŀĮƤƩĴĬŘņȮŐĸŃĶńĭ
ĕƟŀĴŌĸěŅĔŏĞŖĬŏĞŀĶƢȮ&ŀŋĦľĳŌĴŇ, ėĺŅĴĝŊŘĬȮłĸł'ȮœħƟŀĵƞŅĚĶĺħŏĶŖĺȮőħĵĶŃĭĭěŃŏĝŊŗŀĴĨƞŀĔńĭĭŀĶƢħ
œĴőėĶėŀĬőĪĶĸŏĸŀĶƢȮŏĝƞĬȮESP6044, ESP10ȮľĶŊŀȮArduino įƞŅĬȮBlynk Cloud ľĶŊŀŏĞŇĶƢĲŏĺŀĶƢĽƞĺĬĨńĺȮ
&Local Server) įƞŅĬŀŇĬŏĪŀĶƢŏĬŖĨȮĽŅĴŅĶĩħŌĳŅıĶĺĴĕŀĚŀĚėƢĮĶŃĔŀĭœħƟȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ0,18 
 
 
 
 
 
 
 

 

 

ĞŉŗĚĔŅĶĪņĚŅĬĕŀĚȮBlynk ŀŅĻńĵȮ1ȮŀĚėƢĮĶŃĔŀĭľĸńĔȮœħƟŐĔƞ 

1) Blynk App (Mobile Interface): ĽņľĶńĭĽĶƟŅĚȮUI ŏĝƞĬȮĮŋƙĴ, ĔĶŅĲ, ĨńĺŐĽħĚėƞŅȮłĸł 
2) Blynk Server: ŏĮƦĬĨńĺĔĸŅĚĪňŗŏĝŊŗŀĴĕƟŀĴŌĸĶŃľĺƞŅĚŐŀĮĔńĭŀŋĮĔĶĦƢ 
3) Blynk Library: ĨŇħĨńŘĚŒĬĭŀĶƢħœĴőėĶėŀĬőĪĶĸŏĸŀĶƢȮŏıŊŗŀŒľƟĽŅĴŅĶĩĽŊŗŀĽŅĶĔńĭŏĞŇĶƢĲŏĺŀĶƢœħƟ 

 0,/,6,/ȮėŋĦĽĴĭńĨŇľĸńĔĕŀĚȮBlynk Application 
1) ėĺĭėŋĴŀŋĮĔĶĦƢěŅĔĶŃĵŃœĔĸ  ŏĝƞĬȮŏĮƕħ+ĮƕħŀŋĮĔĶĦƢœĲĲƚŅ, ĨĶĺěĽŀĭėƞŅěŅĔ

ŏĞŖĬŏĞŀĶƢĨƞŅĚȮŕȮįƞŅĬŀŇĬŏĪŀĶƢŏĬŖĨ 
2) ŀŇĬŏĪŀĶƢŏĲĞŒĝƟĚŅĬĚƞŅĵ ĴňĶŃĭĭĸŅĔĺŅĚȮ&drag-and-drop) ĽņľĶńĭĽĶƟŅĚȮUI ĭĬŐŀĮĴŊŀĩŊŀ 
3) ĶŀĚĶńĭĭŀĶƢħľĸŅĔľĸŅĵ ŏĝƞĬȮESP32, ESP8266, Arduino, Raspberry Pi łĸł 

ĳŅıĪňŗȮ0,18 ŀĚėƢĮĶŃĔŀĭĕŀĚȮBlynk 
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4) ŏĝŊŗŀĴĨƞŀįƞŅĬŀŇĬŏĪŀĶƢŏĬŖĨȮ&Blynk Cloud) įŌƟŒĝƟĽŅĴŅĶĩėĺĭėŋĴŀŋĮĔĶĦƢœħƟěŅĔĪŋĔĪňŗĪňŗ
ĴňŀŇĬŏĪŀĶƢŏĬŖĨ 

5) ĴňĲƤĚĔƢĝńĬȮAutomation ŐĸŃȮNotification ŏĝƞĬȮĨńŘĚėƞŅŒľƟŐěƟĚŏĨŊŀĬŏĴŊŗŀŀŋĦľĳŌĴŇŏĔŇĬ
ėƞŅĪňŗĔņľĬħ 

 ŒĬŏĝŇĚŀŋĨĽŅľĔĶĶĴŐĸŃĺŇĝŅĔŅĶȮBlynk ĩŌĔĬņĴŅŒĝƟŒĬĚŅĬĺŇěńĵŐĸŃıńĥĬŅĶŃĭĭėĺĭėŋĴȮŏĝƞĬȮ
ĶŃĭĭėĺĭėŋĴĔŅĶŒľƟĬŘņŒĬŐĮĸĚŏĔļĨĶŀńěĜĶŇĵŃȮĶŃĭĭėĺĭėŋĴőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮľĶŊŀ
ĶŃĭĭĨĶĺěĽŀĭıĸńĚĚŅĬœĲĲƚŅŐĭĭŏĶňĵĸœĪĴƢȮĕƟŀħňĕŀĚȮBlynk ėŊŀĽŅĴŅĶĩĸħĶŃĵŃŏĺĸŅŒĬĔŅĶıńĥĬŅ
ŐŀĮıĸŇŏėĝńĬȮŐĸŃĶŀĚĶńĭĔŅĶĮĶńĭŐĨƞĚœħƟľĸŅĔľĸŅĵőħĵœĴƞĨƟŀĚĸĚĪŋĬĽŌĚȮŀĵƞŅĚœĶĔŖĨŅĴȮĕƟŀěņĔńħŀĵŌƞĪňŗ
ėĺŅĴĨƟŀĚĔŅĶŏĝŊŗŀĴĨƞŀŀŇĬŏĪŀĶƢŏĬŖĨŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮŐĸŃĕƟŀěņĔńħĕŀĚĭńĠĝňŐĭĭĲĶňĪňŗŀŅěěņĔńħěņĬĺĬĺŇħ
ŏěŖĨľĶŊŀŀŋĮĔĶĦƢĪňŗŏĝŊŗŀĴĨƞŀȮĞŉŗĚŐŀĮıĸŇŏėĝńĬȮBlynk ĽŅĴŅĶĩŒĝƟĚŅĬœħƟĲĶňŐĸŃŒĝƟĚŅĬœħƟĪńŘĚĭĬ
ĶŃĭĭĮĢŇĭńĨŇĔŅĶȮIOS ŐĸŃȮAndroid ĞŉŗĚĽŅĴŅĶĩŐĽħĚįĸĔŅĶĨŇħĨŅĴŐĸŃėĺĭėŋĴŀŋĮĔĶĦƢĕŀĚĶŃĭĭœħƟȮ
ħńĚŐĽħĚŒĬĳŅıĪňŗȮ0,/7 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ĳŅıĪňŗȮ0,/7ȮŐŀĮıĸŇŏėĝńĬȮBlynk 



49 

 

 

0,0 ĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 

  ěŅĔĔŅĶĻŉĔļŅĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĔńĭĔŅĶıńĥĬŅĔŅĶŒĝƟŏĪėőĬőĸĵňŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬ
ĽĶĶıĽŇŗĚĽņľĶńĭĔĶŃĭĺĬĔŅĶĨŇħĨŅĴ*ȮĔŅĶĭńĬĪŉĔĕƟŀĴŌĸŐĸŃėĺĭėŋĴĔŅĶŒĝƟĚŅĬőĶĚŀĭŐľƟĚıĸńĚĚŅĬ
ŐĽĚŀŅĪŇĨĵƢȮĶĺĴĩŉĚĔŅĶĮĶŃĵŋĔĨƢŒĝƟŐĬĺėŇħŐĸŃŏėĶŊŗŀĚĴŊŀŏĪėĬŇėĺŇĻĺĔĶĶĴŀŋĨĽŅľĔŅĶŏıŊŗŀĝƞĺĵŒĬĔŅĶ
ĮĶńĭĮĶŋĚĔĶŃĭĺĬĔŅĶįĸŇĨȮőħĵĽŅĴŅĶĩĽĶŋĮœħƟħńĚĬňŘ 

 0,0,/ȮĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĔńĭőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮŐĸŃĔŅĶĮĶŃĵŋĔĨƢŒĝƟŏĪėőĬőĸĵň
ŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚ 

  /'ȮĻŇĶŇĝńĵȮĻŇĶŇĝĬŃȮŐĸŃėĦŃȮ[24]ȮœħƟěņŐĬĔŏėĶŊŗŀĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢ
ŀŀĔŏĮƦĬȮ3 ĮĶŃŏĳĪľĸńĔȮœħƟŐĔƞȮ&1) ĔŅĶĨŅĔŐħħőħĵĨĶĚ ĞŉŗĚŏĮƦĬĺŇīňıŊŘĬģŅĬŒĬĔŅĶĸħėĺŅĴĝŊŘĬĕŀĚ
įĸŇĨĳńĦĤƢőħĵĬņœĮĨŅĔœĺƟĔĸŅĚŐěƟĚŒľƟĽńĴįńĽŐĽĚŐħħőħĵĨĶĚȮŐĴƟěŃĴňĨƟĬĪŋĬĨŗņŐĨƞĮĶŃĽŇĪīŇĳŅıĕŉŘĬŀĵŌƞ
ĔńĭĽĳŅıŀŅĔŅĻŐĸŃĴńĔĴňĮƤĠľŅŏĶŊŗŀĚėĺŅĴĽŃŀŅħŐĸŃĶŃĵŃŏĺĸŅŒĬĔŅĶŀĭŐľƟĚȮ&2) ŏėĶŊŗŀĚŀĭŐľƟĚŐĭĭ
œľĸŏĺňĵĬŀŅĔŅĻīĶĶĴĝŅĨŇ (Passive Solar Dryer: PSD) ĞŉŗĚŒĝƟŀŋĦľĳŌĴŇĳŅĵŒĬľƟŀĚŀĭĪňŗĽŌĚĔĺƞŅŀŅĔŅĻ
ĳŅĵĬŀĔŏıŊŗŀĪņŒľƟŀŅĔŅĻĳŅĵŒĬĸŀĵĨńĺĕŉŘĬŐĸŃĩŌĔŐĪĬĪňŗħƟĺĵŀŅĔŅĻŒľĴƞěŅĔĳŅĵĬŀĔȮěĬŏĔŇħĔŅĶ
œľĸŏĺňĵĬĨŅĴīĶĶĴĝŅĨŇȮĽƞĚįĸŒľƟĔŅĶĶŃĭŅĵėĺŅĴĝŊŘĬĪņœħƟħňĔĺƞŅĔŅĶĨŅĔŐħħȮŐĨƞĕƟŀěņĔńħėŊŀĔŅĶ
œľĸŏĺňĵĬŀŅĔŅĻœĴƞĽĴŗņŏĽĴŀĪņŒľƟŏĔŇħĔŅĶĽŃĽĴėĺŅĴĝŊŘĬĪňŗįŇĺįĸŇĨĳńĦĤƢȮĽƞĚįĸŒľƟĴňėĺŅĴŏĽňŗĵĚĨƞŀĔŅĶ
ŏĔŇħŏĝŊŘŀĶŅŐĸŃěŋĸŇĬĪĶňĵƢȮ&3) ŏėĶŊŗŀĚŀĭŐľƟĚŐĭĭœľĸŏĺňĵĬŀŅĔŅĻĭńĚėńĭ (Forced Convection Solar 
Dryer) ĞŉŗĚŏıŇŗĴıńħĸĴŏıŊŗŀĝƞĺĵĶŃĭŅĵŀŅĔŅĻŀŀĔěŅĔľƟŀĚŀĭȮĽƞĚįĸŒľƟĽŅĴŅĶĩėĺĭėŋĴĔŅĶĶŃĭŅĵ
ėĺŅĴĝŊŘĬœħƟŐĴƞĬĵņĵŇŗĚĕŉŘĬŐĸŃĸħėĺŅĴĝŊŘĬĽŃĽĴĳŅĵŒĬŏėĶŊŗŀĚœħƟĴŅĔĔĺƞŅĶŃĭĭŐĭĭīĶĶĴĝŅĨŇȮŐĴƟ
ŀŋĦľĳŌĴŇĳŅĵŒĬěŃĸħĸĚĭƟŅĚŏĬŊŗŀĚěŅĔĔŅĶıńħıŅėĺŅĴĶƟŀĬŀŀĔœĮıĶƟŀĴŀŅĔŅĻȮŒĬĔŅĶĻŉĔļŅĕŀĚįŌƟĺŇěńĵ
ĵńĚœħƟĪħĸŀĚŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĕŀĚĶŃĭĭœľĸŏĺňĵĬŀŅĔŅĻĭńĚėńĭħƟĺĵĔŅĶėĺĭėŋĴĔŅĶĪņĚŅĬĕŀĚıńħĸĴ
ĨŅĴėƞŅįĸĨƞŅĚĕŀĚėĺŅĴĝŊŘĬĽńĴıńĪīƢĶŃľĺƞŅĚŀŅĔŅĻĪŅĚŏĕƟŅŐĸŃĪŅĚŀŀĔȮőħĵŒĝƟŏĬŊŘŀľĴŌĽƞĺĬĽńĬĬŀĔŏĮƦĬ
ĔĶĦňĻŉĔļŅȮıĭĺƞŅĔŅĶĨńŘĚėƞŅĶŃħńĭėĺŅĴĨƞŅĚėĺŅĴĝŊŘĬĽńĴıńĪīƢœĺƟĪňŗȮ10% (SD-RH10) ĝƞĺĵŏıŇŗĴŀńĨĶŅĔŅĶ
ŀĭŐľƟĚŐĸŃĮĶŃĽŇĪīŇĳŅıĕŀĚŏėĶŊŗŀĚŀĭŐľƟĚœħƟĽŌĚĪňŗĽŋħȮıĶƟŀĴĪńŘĚĸħėƞŅıĸńĚĚŅĬěņŏıŅŃŒĬĔŅĶŀĭŐľƟĚ
ĸĚŀĵƞŅĚĴňĬńĵĽņėńĠȮŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭŏėĶŊŗŀĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĶŌĮŐĭĭŀŊŗĬ 

  0'ȮĝĵŅĚĔŌĶȮœĝĵĺĚĻƢ ŐĸŃėĦŃȮ[25] œħƟĪņĔŅĶĺŇěńĵŏĶŊŗŀĚĔŅĶıńĥĬŅĶŃĭĭėĺĭėŋĴ
ŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬŒĬĨŌƟŀĭıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢőħĵŒĝƟŏĪėőĬőĸĵňȮInternet of Things (IoT) ĞŉŗĚĴň
ĺńĨĩŋĮĶŃĽĚėƢȮ1ȮĮĶŃĔŅĶȮœħƟŐĔƞȮ&/'ȮŀŀĔŐĭĭŐĸŃĽĶƟŅĚĨŌƟŀĭĪňŗĽŅĴŅĶĩėĺĭėŋĴŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬœħƟ
įƞŅĬĶŃĭĭȮIoT (0'ȮĪħĽŀĭĽĴĶĶĩĬŃĔŅĶĪņĚŅĬĕŀĚĨŌƟŀĭĪňŗıńĥĬŅĕŉŘĬȮŐĸŃȮ&1'ȮĮĶŃŏĴŇĬĶŃħńĭėĺŅĴıŉĚ
ıŀŒěĕŀĚįŌƟŒĝƟĚŅĬȮőħĵĴňĮĶŃĝŅĔĶĔĸŋƞĴŏĮƚŅľĴŅĵėŊŀŏĔļĨĶĔĶįŌƟĮĶŃĔŀĭĔŅĶŐĮĶĶŌĮŀŅľŅĶĪŃŏĸŒĬ
ŀņŏĳŀĔŅĠěĬħŇļģƢȮěńĚľĺńħĽŋĶŅļġĶƢīŅĬňȮěņĬĺĬȮ/.ȮĶŅĵȮĞŉŗĚœħƟěŅĔĔŅĶėńħŏĸŊŀĔŐĭĭŏěŅŃěĚȮŏėĶŊŗŀĚĴŊŀ
ĪňŗŒĝƟŒĬĔŅĶĺŇěńĵĮĶŃĔŀĭħƟĺĵŐĭĭĭńĬĪŉĔĕƟŀĴŌĸĶŃĭĭŐĸŃŐĭĭĽŀĭĩŅĴėĺŅĴıŉĚıŀŒěȮĽĩŇĨŇĪňŗŒĝƟ
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ĺŇŏėĶŅŃľƢĕƟŀĴŌĸȮœħƟŐĔƞȮėĺŅĴĩňŗȮĶƟŀĵĸŃȮėƞŅŏĜĸňŗĵȮŐĸŃĽƞĺĬŏĭňŗĵĚŏĭĬĴŅĨĶģŅĬȮįĸĔŅĶıńĥĬŅıĭĺƞŅȮĨŌƟŀĭ
ĪňŗĽĶƟŅĚĕŉŘĬĴňĕĬŅħȮ1ȮĝńŘĬȮ4ȮĝƞŀĚȮŒĝƟıĸńĚĚŅĬěŅĔŐįĚŏĞĸĸƢŐĽĚŀŅĪŇĨĵƢȮőħĵĴňĔŅĶėĺĭėŋĴŀŋĦľĳŌĴŇįƞŅĬ
ŐŀĮıĸŇŏėĝńĬĭĬĽĴŅĶƢĪőĲĬĪňŗŏĝŊŗŀĴĨƞŀĔńĭĶŃĭĭœĴőėĶėŀĬőĪĶĸŏĸŀĶƢȮĞŉŗĚĨńŘĚėƞŅŀŋĦľĳŌĴŇĳŅĵŒĬĨŌƟŀĭœĺƟ
ĪňŗȮ3.°C ĶŃĭĭěŃĪņĚŅĬŀńĨőĬĴńĨŇőħĵĽńŗĚŏĮƕħľĸŀħœĲŒľƟėĺŅĴĶƟŀĬŏĴŊŗŀŀŋĦľĳŌĴŇĨŗņĔĺƞŅĪňŗĨńŘĚœĺƟȮŐĸŃĽńŗĚ
ŏĮƕħıńħĸĴŏıŊŗŀĶŃĭŅĵŀŅĔŅĻŏĴŊŗŀŀŋĦľĳŌĴŇĽŌĚŏĔŇĬėƞŅĪňŗĔņľĬħȮĪņŒľƟĽŅĴŅĶĩėĺĭėŋĴŀŋĦľĳŌĴŇŒľƟŀĵŌƞ
ŒĬĝƞĺĚĪňŗŏľĴŅŃĽĴĨĸŀħŏĺĸŅȮĽƞĺĬĔŅĶėĺĭėŋĴėĺŅĴĝŊŘĬĨńŘĚœĺƟĪňŗȮ2.#, 03#ȮŐĸŃȮ0.#ȮĽņľĶńĭĺńĨĩŋħŇĭȮ
1ȮĮĶŃŏĳĪȮőħĵĶŃĭĭĽŅĴŅĶĩĨĶĺěĺńħėƞŅėĺŅĴĝŊŘĬĽńĴıńĪīƢŐĭĭŏĶňĵĸœĪĴƢŐĸŃĽƞĚĽńĠĠŅĦŐěƟĚŏĨŊŀĬœĮ
ĵńĚŐŀĮıĸŇŏėĝńĬŏĴŊŗŀĩŉĚėƞŅĪňŗĔņľĬħȮěŅĔĔŅĶĮĶŃŏĴŇĬįĸħƟĺĵĔŅĶĪħĽŀĭĪŅĚĮĶŃĽŅĪĽńĴįńĽıĭĺƞŅ
ĺńĨĩŋħŇĭĪňŗįƞŅĬĔŅĶŀĭĴňĸńĔļĦŃĕŀĚĽňȮėĺŅĴŐľƟĚȮŐĸŃıŊŘĬįŇĺĨĶĚĨŅĴŏĔĦĤƢėŋĦĳŅıȮŐĸŃŒĬĽƞĺĬĕŀĚ
ėĺŅĴıŉĚıŀŒěĕŀĚįŌƟŒĝƟĚŅĬőħĵĶĺĴŀĵŌƞŒĬĶŃħńĭĴŅĔȮĽŃĪƟŀĬŒľƟŏľŖĬĩŉĚĻńĔĵĳŅıĕŀĚĔŅĶĮĶŃĵŋĔĨƢŒĝƟ
ĶŃĭĭȮIoT ŒĬĔŅĶėĺĭėŋĴĔĶŃĭĺĬĔŅĶŀĭŐľƟĚŐĭĭıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĪňŗĝƞĺĵŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĔŅĶ
įĸŇĨȮŐĸŃĨŀĭĽĬŀĚĨƞŀėĺŅĴĨƟŀĚĔŅĶĕŀĚįŌƟŒĝƟĮĸŅĵĪŅĚœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇįĸ 

  1'ȮıĸĺńĥĬƢȮıĸŏĨĝŃȮŐĸŃ őĽĳŅȮŐėĬĽňȮ[26]ȮœħƟħņŏĬŇĬĔŅĶĺŇěńĵŏıŊŗŀĮĶŃŏĴŇĬ
ĽĴĶĶĩĬŃĕŀĚŏėĶŊŗŀĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢŐĭĭŏĶŊŀĬĔĶŃěĔȮŐĸŃĻŉĔļŅįĸĕŀĚĸńĔļĦŃĔŅĶ
ŏĨĶňĵĴĮĸŅĬŇĸĨƞŀėŋĦĳŅıĕŀĚįĸŇĨĳńĦĤƢĪňŗœħƟȮőħĵŏėĶŊŗŀĚŀĭŐľƟĚĪňŗŒĝƟŒĬĔŅĶĪħĸŀĚĴňĕĬŅħȮ1,.ȮŏĴĨĶȮ× 
2,.ȮŏĴĨĶȮ× 0,1ȮŏĴĨĶȮĨŇħĨńŘĚıńħĸĴĶŃĭŅĵŀŅĔŅĻĕĬŅħȮ1,2ȮĺńĨĨƢȮŏıŊŗŀĝƞĺĵŒĬĔŅĶĩƞŅĵŏĪŀŅĔŅĻŐĸŃ
ėĺĭėŋĴėĺŅĴĝŊŘĬĳŅĵŒĬĶŃĭĭȮĨńĺŀĵƞŅĚĪňŗŒĝƟėŊŀĮĸŅĬŇĸĕĬŅħŏĸŖĔĪňŗĴňĬŘņľĬńĔŒĔĸƟŏėňĵĚĔńĬȮőħĵŐĭƞĚĔŅĶ
ŏĨĶňĵĴŀŀĔŏĮƦĬĽŀĚĸńĔļĦŃȮœħƟŐĔƞȮĔŅĶŐįƞĨńĺĮĸŅĬŇĸŐĸŃĔŅĶœĴƞŐįƞĨńĺȮĔƞŀĬĬņœĮľĴńĔħƟĺĵŏėĶŊŗŀĚĮĶŋĚ
ĶĽŏĮƦĬŏĺĸŅȮ/ȮĝńŗĺőĴĚȮŐĸƟĺŏĕƟŅĽŌƞĔĶŃĭĺĬĔŅĶŀĭŐľƟĚŒĬŏėĶŊŗŀĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮŐĸŃ
ŏĮĶňĵĭŏĪňĵĭĔńĭĔŅĶĨŅĔŐħħĨŅĴīĶĶĴĝŅĨŇŒĬĝƞĺĚŏĺĸŅȮ.7,..ů/5,..ȮĬ,ȮŏĮƦĬĶŃĵŃŏĺĸŅȮ0ȮĺńĬȮŏıŊŗŀ
ĮĶŃŏĴŇĬĮĶŃĽŇĪīŇĳŅıĔŅĶĸħėĺŅĴĝŊŘĬȮĶĺĴĩŉĚėŋĦĳŅıĕŀĚįĸŇĨĳńĦĤƢĪňŗœħƟěŅĔĪńŘĚĽŀĚĺŇīňȮįĸĔŅĶĪħĸŀĚ
ıĭĺƞŅȮŀŋĦľĳŌĴŇĳŅĵŒĬŏėĶŊŗŀĚŀĭŐľƟĚĽŌĚĔĺƞŅŀŋĦľĳŌĴŇŐĺħĸƟŀĴŏĜĸňŗĵȮ/0,6°C ĕĦŃĪňŗėĺŅĴĝŊŘĬĽńĴıńĪīƢ
ĳŅĵŒĬĶŃĭĭĨŗņĔĺƞŅĳŅĵĬŀĔȮ/1#RH ĞŉŗĚŏŀŊŘŀĨƞŀĔŅĶĸħėĺŅĴĝŊŘĬĕŀĚĮĸŅĬŇĸěŅĔėƞŅŏĶŇŗĴĨƟĬȮ6.#Ȯw.b. 
ŏľĸŊŀȮ03,6#Ȯw.b. őħĵĽŅĴŅĶĩĸħėĺŅĴĝŊŘĬœħƟĴŅĔĔĺƞŅĔŅĶĨŅĔŐħħĩŉĚȮ4,0#Ȯw.b. ĬŀĔěŅĔĬňŘĵńĚ
ıĭĺƞŅĸńĔļĦŃĔŅĶŏĨĶňĵĴĮĸŅĬŇĸĴňįĸĨƞŀėƞŅėĺŅĴĝŊŘĬĪňŗŏľĸŊŀŐĸŃėƞŅȮWater Activity (aw) ŀĵƞŅĚĴň
ĬńĵĽņėńĠĪŅĚĽĩŇĨŇȮ&P < .,.3'ȮĞŉŗĚĽŃĪƟŀĬĩŉĚŀŇĪīŇıĸĕŀĚĶŌĮŐĭĭĔŅĶěńħŏĨĶňĵĴĨƞŀĮĶŃĽŇĪīŇĳŅıĔŅĶ
ĩƞŅĵŏĪėĺŅĴĶƟŀĬŐĸŃėĺŅĴĝŊŘĬŒĬĔĶŃĭĺĬĔŅĶŀĭŐľƟĚȮŀĵƞŅĚœĶĔŖĨŅĴȮėƞŅĽňĕŀĚįĸŇĨĳńĦĤƢŀĭŐľƟĚœĴƞœħƟ
ŐĽħĚėĺŅĴŐĨĔĨƞŅĚŀĵƞŅĚĴňĬńĵĽņėńĠĶŃľĺƞŅĚĺŇīňĔŅĶŏĨĶňĵĴĪńŘĚĽŀĚŐĭĭȮĞŉŗĚĭƞĚĝňŘĺƞŅĮƤěěńĵħƟŅĬĔŅĶŏĨĶňĵĴ
ĴňįĸĔĶŃĪĭěņĔńħĨƞŀėŋĦĸńĔļĦŃĪŅĚĔŅĵĳŅıŒĬħƟŅĬĽňĕŀĚįĸŇĨĳńĦĤƢĮĸŅĬŇĸŀĭŐľƟĚ 
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 2'ȮıŇĴıƢıĶĶĦȮĮĶŊŀĚŅĴ, ĻŇĺĸńĔļĦƢȮĮģĺňĶńĨĬƢȮŐĸŃĺńĝĶıĸȮĝĵĮĶŃŏĽĶŇģȮY05[ȮœħƟ
ĻŉĔļŅĔŅĶĮĶŃĵŋĔĨƢŒĝƟőĶĚŏĶŊŀĬĮĸŌĔıŊĝĞŉŗĚľŋƟĴħƟĺĵŐįƞĬőıĸňėŅĶƢĭŀŏĬĨĴŅŏĮƦĬőĶĚŀĭŐľƟĚıĸńĚĚŅĬ
ŐĽĚŀŅĪŇĨĵƢĽņľĶńĭĔĸƟĺĵȮőħĵŏĮĶňĵĭŏĪňĵĭĮĶŃĽŇĪīŇĳŅıĶŃľĺƞŅĚőĶĚŏĶŊŀĬŀĭŐľƟĚĽŀĚĶŌĮŐĭĭȮœħƟŐĔƞȮ
őĶĚŏĶŊŀĬŐĭĭģŅĬŏĮƕħȮĞŉŗĚĵĔĨńĺőĶĚŏĶŊŀĬĽŌĚěŅĔıŊŘĬŏıŊŗŀŒľƟŏĔŇħĔŅĶœľĸŏĺňĵĬĕŀĚŀŅĔŅĻȮŐĸŃőĶĚŏĶŊŀĬ
ŐĭĭģŅĬĮƕħȮĞŉŗĚĮƕħħƟŅĬĸƞŅĚħƟĺĵıĸŅĽĨŇĔőıĸňŏŀĪŇĸňĬĽňħņŏıŊŗŀěņĔńħĔŅĶŐĸĔŏĮĸňŗĵĬŀŅĔŅĻĔńĭĳŅĵĬŀĔȮ
ĪńŘĚĬňŘœħƟŏĮĶňĵĭŏĪňĵĭĔńĭĔŅĶĨŅĔĔĸŅĚŐěƟĚȮőħĵŒĝƟĔĸƟĺĵĪňŗĴňėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬŏĜĸňŗĵȮ53#Ȯw.b. ŐĸŃĨńŘĚŏĮƚŅ
ėĺŅĴĝŊŘĬĽŋħĪƟŅĵĪňŗȮ34,3#Ȯw.b. ĞŉŗĚŀĵŌƞŒĬĝƞĺĚėĺŅĴĝŊŘĬĪňŗŏľĴŅŃĽĴĨƞŀĔŅĶěņľĬƞŅĵŏĝŇĚıŅĦŇĝĵƢȮĔŅĶ
ĪħĸŀĚħņŏĬŇĬĨńŘĚŐĨƞŏĺĸŅȮ6,..ů/4,..ȮĬ,ȮĨƞŀŏĬŊŗŀĚŏĮƦĬŏĺĸŅȮ3ȮĺńĬȮįĸĔŅĶĪħĸŀĚıĭĺƞŅȮőĶĚŏĶŊŀĬŐĭĭ
ģŅĬĮƕħĽŅĴŅĶĩĸħėĺŅĴĝŊŘĬĕŀĚĔĸƟĺĵœħƟĴŅĔĪňŗĽŋħȮőħĵœħƟėƞŅėĺŅĴĝŊŘĬĽŋħĪƟŅĵŏĪƞŅĔńĭȮ30,6#Ȯw.b. 
ĕĦŃĪňŗőĶĚŏĶŊŀĬŐĭĭģŅĬŏĮƕħŐĸŃĔŅĶĨŅĔĔĸŅĚŐěƟĚĴňėƞŅėĺŅĴĝŊŘĬĽŋħĪƟŅĵŀĵŌƞĪňŗȮ36,6#Ȯw.b. ŐĸŃȮ
37,0#Ȯw.b. ĨŅĴĸņħńĭȮĞŉŗĚŐĽħĚŒľƟŏľŖĬĺƞŅőĶĚŏĶŊŀĬŐĭĭģŅĬĮƕħĴňŀŋĦľĳŌĴŇĳŅĵŒĬĽŌĚĔĺƞŅŐĸŃėĺŅĴĝŊŘĬ
ĽńĴıńĪīƢĨŗņĔĺƞŅŐĭĭŀŊŗĬȮěŉĚŒľƟĮĶŃĽŇĪīŇĳŅıĔŅĶŀĭŐľƟĚħňĔĺƞŅȮĬŀĔěŅĔĬňŘȮĵńĚıĭĺƞŅőĶĚŏĶŊŀĬŐĭĭģŅĬĮƕħ
ĴňĮĶŃĽŇĪīŇĳŅıŏĝŇĚėĺŅĴĶƟŀĬĽŌĚĔĺƞŅőĶĚŏĶŊŀĬŐĭĭģŅĬŏĮƕħŐĸŃĔŅĶĨŅĔĔĸŅĚŐěƟĚȮėŇħŏĮƦĬĶƟŀĵĸŃȮ07,0Ȯ
ŐĸŃȮ12,7ȮĨŅĴĸņħńĭȮĽŃĪƟŀĬĩŉĚėĺŅĴŏľĴŅŃĽĴŒĬĔŅĶıńĥĬŅőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢőħĵŀŅĻńĵ
őėĶĚĽĶƟŅĚőĶĚŏĶŊŀĬĮĸŌĔıŊĝŐĭĭĮƕħŏĮƦĬĪŅĚŏĸŊŀĔĪňŗĴňĻńĔĵĳŅıŒĬĔŅĶŒĝƟĚŅĬěĶŇĚ 

  3'ȮĮĶňĝŅȮĻĶňĮĶŃĳŅėŅĶȮY28] œħƟĻŉĔļŅĶŌĮŐĭĭĔŅĶěńħĔŅĶıĸńĚĚŅĬĶŃħńĭĝŋĴĝĬőħĵ
ŏĬƟĬĔŅĶĭŌĶĦŅĔŅĶėĺŅĴĶƞĺĴĴŊŀĶŃľĺƞŅĚľĬƞĺĵĚŅĬĳŅėĶńģěņĬĺĬȮ7 ľĬƞĺĵĚŅĬȮĔńĭĔŅĶĬņŏĪėőĬőĸĵň
ıĸńĚĚŅĬĪħŐĪĬĴŅĮĶŃĵŋĔĨƢŒĝƟȮőħĵŏĜıŅŃĶŃĭĭŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮĞŉŗĚĴňĔŅĶĺŅĚŐįĬĔĸĵŋĪīƢ
ĶƞĺĴĔńĬŒľƟĽŀħėĸƟŀĚĔńĭıńĬīĔŇěĕŀĚŐĨƞĸŃľĬƞĺĵĚŅĬȮŐĸŃħņŏĬŇĬĔŅĶĮĶŃĝŋĴŏıŊŗŀěńħĪņŐįĬĮĢŇĭńĨŇĚŅĬ
ŀĵƞŅĚŏĮƦĬĶŃĭĭȮĽƞĚįĸŒľƟĝŋĴĝĬœħƟĶńĭĔŅĶĽĬńĭĽĬŋĬĚĭĮĶŃĴŅĦěŅĔĔŀĚĪŋĬŏıŊŗŀĔŅĶĽƞĚŏĽĶŇĴĔŅĶŀĬŋĶńĔļƢ
ıĸńĚĚŅĬȮŒĬĔŅĶĔƞŀĽĶƟŅĚľƟŀĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĕĬŅħıŊŘĬĪňŗȮ48 ĨŅĶŅĚŏĴĨĶȮĞŉŗĚĽŅĴŅĶĩĶŀĚĶńĭ
ĔŅĶŀĭįĸŇĨĳńĦĤƢœħƟĽŌĚĩŉĚȮ4,500 ĔŇőĸĔĶńĴĨƞŀĺńĬȮőħĵŒĝƟĶŃĵŃŏĺĸŅŒĬĔŅĶŀĭŐľƟĚĮĶŃĴŅĦȮ8 ĝńŗĺőĴĚȮ
ĳŅĵŒĨƟėƞŅĶńĚĽňŐĽĚŀŅĪŇĨĵƢĶĺĴŏĜĸňŗĵȮ692 W/m² ŀŋĦľĳŌĴŇŐĺħĸƟŀĴŏĜĸňŗĵȮ35°C ŐĸŃŀŋĦľĳŌĴŇĳŅĵŒĬ
ľƟŀĚŀĭŏĜĸňŗĵȮ44.2°C őħĵįĸĔŅĶĪħĽŀĭĮĶŃĽŇĪīŇĳŅıŏĝŇĚėĺŅĴĶƟŀĬĕŀĚĶŃĭĭıĭĺƞŅŀĵŌƞĪňŗĶƟŀĵĸŃȮ12 
ŐĸŃĽŅĴŅĶĩĸħėƞŅŒĝƟěƞŅĵħƟŅĬıĸńĚĚŅĬœħƟĮĶŃĴŅĦȮ66,000 ĭŅĪĨƞŀĮƖȮŏĴŊŗŀıŇěŅĶĦŅħƟŅĬŏĻĶļģĻŅĽĨĶƢ
ıĭĺƞŅĶŃĭĭħńĚĔĸƞŅĺĴňĶŃĵŃŏĺĸŅėŊĬĪŋĬȮ&Payback Period) ŏĪƞŅĔńĭȮ7.2 ĮƖȮŐĽħĚŒľƟŏľŖĬĩŉĚėĺŅĴėŋƟĴėƞŅ
ŒĬĔŅĶĸĚĪŋĬŐĸŃĻńĔĵĳŅıĕŀĚĔŅĶıńĥĬŅŏĪėőĬőĸĵňıĸńĚĚŅĬĪħŐĪĬįƞŅĬĔĸœĔėĺŅĴĶƞĺĴĴŊŀŏĝŇĚĭŌĶĦŅ
ĔŅĶŒĬĶŃħńĭĝŋĴĝĬ 
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  4'ȮĶĺŇĳŅȮĵĚĮĶŃĵŌĶȮY29] œħƟħņŏĬŇĬĔŅĶĺŇěńĵŏĶŊŗŀĚĔŅĶıńĥĬŅĔĶŃĭĺĬĔŅĶįĸŇĨŏľŖħ
ŀĭŐľƟĚħƟĺĵŏėĶŊŗŀĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢŐĭĭŏĶŊŀĬĔĶŃěĔȮőħĵŀŅĻńĵĔŅĶĴňĽƞĺĬĶƞĺĴĕŀĚĔĸŋƞĴ
ĺŇĽŅľĔŇěĝŋĴĝĬȮĔĸŋƞĴŀŅĝňıŏıŅŃŏľŖħĭƟŅĬĪŋƞĚĭƞŀŐĮƚĬȮĨņĭĸĮĚĵŅĚėŋĔȮŀņŏĳŀľƟŅĚĜńĨĶȮěńĚľĺńħĸņĮŅĚȮ
őħĵĴňĺńĨĩŋĮĶŃĽĚėƢŏıŊŗŀĮĶńĭĮĶŋĚĮĶŃĽŇĪīŇĳŅıĕŀĚĔĶŃĭĺĬĔŅĶŀĭŐľƟĚŒľƟŏľĴŅŃĽĴĔńĭĭĶŇĭĪĔŅĶŒĝƟĚŅĬ
ěĶŇĚŒĬĝŋĴĝĬȮĪńŘĚŒĬħƟŅĬŏĪėĬŇėȮŏĻĶļģĻŅĽĨĶƢȮŐĸŃėĺŅĴıŉĚıŀŒěĕŀĚįŌƟŒĝƟĚŅĬȮĔŅĶħņŏĬŇĬĔŅĶŏĶŇŗĴěŅĔ
ĔŅĶĮĶńĭĮĶŋĚŏėĶŊŗŀĚŀĭŐľƟĚŏħŇĴĪňŗŒĝƟĚŅĬȮĦȮĭƟŅĬĕŀĚėŋĦıńĝĶŇĬĪĶƢȮľŀĴĽŋĺĶĶĦȮőħĵĔŅĶŏĮĸňŗĵĬĺńĽħŋ
ľƞŀľŋƟĴŏėĶŊŗŀĚŀĭŐľƟĚŒľĴƞȮĽƞĚįĸŒľƟĮĶŃĽŇĪīŇĳŅıĕŀĚĶŃĭĭŏıŇŗĴĕŉŘĬěŅĔŏħŇĴȮ2% ŏĮƦĬȮ14.36% ŐĸŃŏĴŊŗŀ
ŏıŇŗĴŀŋĮĔĶĦƢĝƞĺĵŏĶƞĚĔŅĶœľĸĕŀĚŀŅĔŅĻįƞŅĬįĸŇĨĳńĦĤƢȮĵŇŗĚĝƞĺĵŒľƟĮĶŃĽŇĪīŇĳŅıŏıŇŗĴĕŉŘĬŏĮƦĬȮ24.29% 
ĬŀĔěŅĔĬňŘĵńĚıĭĺƞŅŏĴŊŗŀěņľĬƞŅĵŏľŖħŐĮĶĶŌĮŒĬĶŌĮŐĭĭĭĶĶěŋĔĶŃĮŋĔĕĬŅħȮ25 ĔĶńĴȮĶŅėŅĕŅĵĮĸňĔȮ35 
ĭŅĪȮőħĵĴňĮĶŇĴŅĦĔŅĶįĸŇĨȮ1,905 ĔĶŃĮŋĔȮĽŅĴŅĶĩėŊĬĪŋĬĳŅĵŒĬĶŃĵŃŏĺĸŅŏıňĵĚȮ1 ĮƖȮĞŉŗĚĽŃĪƟŀĬĩŉĚ
ėĺŅĴėŋƟĴėƞŅŒĬĔŅĶĸĚĪŋĬȮĪńŘĚĬňŘĔĸŋƞĴĺŇĽŅľĔŇěĝŋĴĝĬĪňŗŏĕƟŅĶƞĺĴőėĶĚĔŅĶȮœħƟŐĔƞȮĔĸŋƞĴŀŅĝňıŏıŅŃŏľŖħĭƟŅĬĪŋƞĚ
ĭƞŀŐĮƚĬȮŐĸŃĔĸŋƞĴľńĺŒěįńĔĔŅħĨŅĔŐľƟĚĶƞŀĚŏėŅŃȮĵńĚĶŅĵĚŅĬĺƞŅĴňėĺŅĴıŉĚıŀŒěŒĬĶŃħńĭĽŌĚȮ&ĴŅĔĔĺƞŅ
ĶƟŀĵĸŃȮ91) ĪńŘĚŒĬħƟŅĬėĺŅĴĶŌƟȮėĺŅĴŏĕƟŅŒěȮŐĸŃĔŅĶĽŅĴŅĶĩĬņŀĚėƢėĺŅĴĶŌƟĪňŗœħƟĶńĭœĮĮĶŃĵŋĔĨƢŒĝƟœħƟěĶŇĚ
ŒĬĭĶŇĭĪĕŀĚĝŋĴĝĬȮĽŃĪƟŀĬŒľƟŏľŖĬĩŉĚĻńĔĵĳŅıĕŀĚŏĪėőĬőĸĵňıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢŒĬĔŅĶıńĥĬŅ
ĔĶŃĭĺĬĔŅĶįĸŇĨŐĭĭĴňĽƞĺĬĶƞĺĴŀĵƞŅĚĵńŗĚĵŊĬ 

  5'ȮıĚļƢĶĺňȮĬŅĴĺĚĻƢȮŐĸŃĔĶĴĺŇĝŅĔŅĶŏĔļĨĶȮY1.[ȮœħƟĪņĔŅĶĺŇěńĵĔŅĶĸħėĺŅĴĝŊŘĬĕŀĚ
ŏĴĸŖħĔŅŐĲŀŃĶŅĭŇĔŅőħĵŒĝƟıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢįƞŅĬĶŃĭĭőĶĚĨŅĔŐĭĭľĸńĚėŅőėƟĚȮĕĬŅħĔĺƟŅĚȮ2ȮŏĴĨĶȮ
ĵŅĺȮ4ȮŏĴĨĶȮőħĵĨŇħĨńŘĚĶŃĭĭėĺĭėŋĴŀńĨőĬĴńĨŇħƟĺĵĽĴŀĚĔĸİƤĚĨńĺȮŏıŊŗŀėĺĭėŋĴŀŋĦľĳŌĴŇœĴƞŒľƟŏĔŇĬȮ23°C 
ŐĸŃėĺĭėŋĴėĺŅĴĝŊŘĬĽńĴıńĪīƢŒľƟŀĵŌƞŒĬĶŃħńĭœĴƞŏĔŇĬȮ53#ȮĳŅĵŒĬőĶĚĨŅĔĮĶŃĔŀĭħƟĺĵĕńŘĬĨŅĔĔŅŐĲ
ěņĬĺĬȮ6ȮĝńŘĬȮĽŅĴŅĶĩĶŀĚĶńĭĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲœħƟœĴƞĬƟŀĵĔĺƞŅȮ/,3ȮĨńĬĨƞŀĶŀĭĔŅĶįĸŇĨȮıĶƟŀĴ
ĨŇħĨńŘĚıńħĸĴĶŃĭŅĵŀŅĔŅĻĕĬŅħȮ1.ȮĺńĨĨƢȮěņĬĺĬȮ0ȮĨńĺȮĪňŗĴňŀńĨĶŅĔŅĶœľĸĶĺĴȮ/,2..ȮĸŌĔĭŅĻĔƢŏĴĨĶ
ĨƞŀĝńŗĺőĴĚȮŏıŊŗŀĶŃĭŅĵėĺŅĴĶƟŀĬŐĸŃėĺŅĴĝŊŘĬŀŀĔěŅĔőĶĚĨŅĔőħĵŀńĨőĬĴńĨŇŏĴŊŗŀŏĔŇĬėƞŅĪňŗĔņľĬħȮĔŅĶ
ĪħĸŀĚħņŏĬŇĬŒĬĝƞĺĚŏħŊŀĬĴĔĶŅėĴĩŉĚĴňĬŅėĴȮőħĵĽŋƞĴĔŃĸŅĔŅŐĲĽħėĶńŘĚĸŃȮ0,3ȮĔŇőĸĔĶńĴȮĞŉŗĚĴňėĺŅĴĝŊŘĬ
ŏĶŇŗĴĨƟĬŏĜĸňŗĵȮ33#Ȯw.b. ĬņĴŅĸħėĺŅĴĝŊŘĬĳŅĵŒĨƟĽĳŅıŀŋĦľĳŌĴŇĳŅĵŒĬőĶĚĨŅĔĽŌĚĽŋħȮ17,2°C ĨŗņĽŋħȮ
4,/°C ŐĸŃŏĜĸňŗĵȮ/6,51°C őħĵĴňėĺŅĴĝŊŘĬĽńĴıńĪīƢŏĜĸňŗĵȮ35,05#ȮŒĝƟŏĺĸŅŒĬĔŅĶŀĭŐľƟĚȮ5ů/.ȮĺńĬȮěĬ
œħƟŏĴĸŖħĔŅŐĲĪňŗĴňėĺŅĴĝŊŘĬĽŋħĪƟŅĵȮ/0#Ȯw.b. őħĵĴňŀńĨĶŅĔŅĶŀĭŐľƟĚŏĜĸňŗĵȮ.,0443#Ȯw.b. ĨƞŀĝńŗĺőĴĚȮ
ĪńŘĚĬňŘȮŏĴĸŖħĔŅŐĲĔŃĸŅĪňŗįƞŅĬĔŅĶŀĭŐľƟĚĴňĸńĔļĦŃĪŅĚĔŅĵĳŅıĪňŗħňȮœĴƞĴňĔŅĶŐĨĔĶƟŅĺľĶŊŀĭŇħĚŀȮŐĸŃŒľƟ
ėŋĦĳŅıœĴƞŐĨĔĨƞŅĚěŅĔĺŇīňĔŅĶįŉŗĚĸĴŐĭĭħńŘĚŏħŇĴȮŐĨƞŒĝƟŏĺĸŅĬƟŀĵĔĺƞŅĩŉĚĽŅĴŏĪƞŅȮŐĽħĚŒľƟŏľŖĬĩŉĚ
ĮĶŃĽŇĪīŇĳŅıĕŀĚĔŅĶŒĝƟĶŃĭĭŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĶƞĺĴĔńĭĔŅĶėĺĭėŋĴŐĭĭŀńĨőĬĴńĨŇŒĬĔŅĶĸħ
ĶŃĵŃŏĺĸŅŐĸŃėĚėŋĦĳŅıŏĴĸŖħĔŅŐĲœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅı 
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 0,0,0ȮĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĔńĭĔŅĶĮĶńĭĮĶŋĚĔĶŃĭĺĬĔŅĶ 

  /'ȮěŋĤŅĳĶĦƢȮŐĔƟĺĽŋħȮY1[ȮœħƟĻŉĔļŅĔŅĶĮĶńĭĮĶŋĚĔĶŃĭĺĬĔŅĶįĸŇĨŒĬőĶĚĚŅĬĩŋĚĴŊŀĵŅĚ
īĶĶĴĝŅĨŇȮěńĚľĺńħĽĚĕĸŅȮőħĵĮĶŃĵŋĔĨƢŒĝƟŐĬĺėŇħĸňĬȮ&Lean Manufacturing) ŏıŊŗŀĺŇŏėĶŅŃľƢĮƤĠľŅŒĬ
ĔĶŃĭĺĬĔŅĶįĸŇĨŐĸŃľŅŐĬĺĪŅĚĔŅĶĮĶńĭĮĶŋĚĪňŗĽŅĴŅĶĩĸħėĺŅĴĽŌĠŏĮĸƞŅŐĸŃĸħĶŃĵŃŏĺĸŅĔŅĶįĸŇĨ
őħĵĶĺĴȮĔŅĶħņŏĬŇĬĚŅĬŏĶŇŗĴěŅĔĔŅĶŏĔŖĭĕƟŀĴŌĸŏĝŇĚĸŉĔĕŀĚĔĶŃĭĺĬĔŅĶįĸŇĨŐĸŃěńħĪņŐįĬįńĚĽŅĵīŅĶ
ėŋĦėƞŅȮ&Value Stream Mapping: VSM) ĕŀĚĽĩŅĬĔŅĶĦƢĮƤěěŋĭńĬȮěŅĔĬńŘĬěŉĚĺŇŏėĶŅŃľƢĔŇěĔĶĶĴŐĨƞĸŃ
ĕńŘĬĨŀĬŏıŊŗŀĶŃĭŋěŋħĪňŗŏĔŇħėĺŅĴĽŌĠŏĮĸƞŅȮıĶƟŀĴŏĽĬŀŐĬĺĪŅĚŐĔƟœĕőħĵŒĝƟŏėĶŊŗŀĚĴŊŀĺŇŏėĶŅŃľƢȮŏĝƞĬȮ
ŐįĬįńĚĽŅŏľĨŋŐĸŃįĸȮ&Fishbone Diagram), ľĸńĔĔŅĶȮ3W+/H (What, Why, Where, When, 
Who, How) ŐĸŃŏĪėĬŇėȮECRS (Eliminate, Combine, Rearrange, Simplify) ľĸńĚěŅĔĮĶńĭĮĶŋĚ
ĔĶŃĭĺĬĔŅĶŐĸƟĺȮœħƟěńħĪņŐįĬįńĚĽŅĵīŅĶėŋĦėƞŅĜĭńĭŒľĴƞŏıŊŗŀŏĮĶňĵĭŏĪňĵĭįĸĸńıīƢȮıĭĺƞŅȮěņĬĺĬ
ĔŇěĔĶĶĴĪňŗœĴƞĽĶƟŅĚĴŌĸėƞŅĩŌĔĸħĸĚėŇħŏĮƦĬĶƟŀĵĸŃȮ/5,56ȮŐĸŃĶŃĵŃŏĺĸŅĶĺĴĕŀĚĔĶŃĭĺĬĔŅĶįĸŇĨĸħĸĚ
ĶƟŀĵĸŃȮ7,47ȮŐĽħĚŒľƟŏľŖĬĩŉĚĮĶŃĽŇĪīŇįĸĕŀĚĔŅĶĮĶŃĵŋĔĨƢŒĝƟŐĬĺėŇħĸňĬŒĬĔŅĶŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĔŅĶ
įĸŇĨŒĬĳŅėŀŋĨĽŅľĔĶĶĴ 

  0'ȮĝńĝĺŅĸȮĴĚėĸȮY31] œħƟħņŏĬŇĬĔŅĶĺŇěńĵŏıŊŗŀıńĥĬŅĮĶŃĽŇĪīŇĳŅıĔĶŃĭĺĬĔŅĶįĸŇĨ
ĕŀĚĺŇĽŅľĔŇěĝŋĴĝĬĔĸŋƞĴĽĨĶňŐĮĶĶŌĮįĸœĴƟȮŀņŏĳŀĭŅĚėĸƟŅȮěńĚľĺńħĜŃŏĝŇĚŏĪĶŅȮőħĵĴŋƞĚŏĬƟĬĔŅĶĮĶńĭĮĶŋĚ
ĔĶŃĭĺĬĔŅĶįĸŇĨĴŃĴƞĺĚĔĺĬįƞŅĬĔŅĶěńħĪņĴŅĨĶģŅĬĔŅĶĮĢŇĭńĨŇĚŅĬȮŐĸŃĻŉĔļŅėĺŅĴıŉĚıŀŒěĕŀĚ
įŌƟĮĢŇĭńĨŇĚŅĬŒĬĔĶŃĭĺĬĔŅĶȮĪńŘĚĬňŘœħƟŒĝƟŏėĶŊŗŀĚĴŊŀĺŇŏėĶŅŃľƢľĸńĔȮœħƟŐĔƞȮŐįĬĳŌĴŇĔŅĶœľĸĕŀĚĔĶŃĭĺĬĔŅĶ
įĸŇĨȮŐįĬĳŅıĔŅĶœľĸĕŀĚĔĶŃĭĺĬĔŅĶįĸŇĨȮŐĸŃŐįĬįńĚĽŅŏľĨŋŐĸŃįĸȮ&Fishbone Diagram) 
ĶƞĺĴĔńĭĔŅĶĮĶŃĵŋĔĨƢŒĝƟŏĪėĬŇėȮ5W+1H ŐĸŃľĸńĔĔŅĶȮECRS (Eliminate, Combine, Rearrange, 
Simplify) ŏıŊŗŀėƟĬľŅĽŅŏľĨŋĕŀĚĮƤĠľŅŐĸŃĔņľĬħŐĬĺĪŅĚŒĬĔŅĶĮĶńĭĮĶŋĚĕńŘĬĨŀĬĔŅĶĪņĚŅĬȮěŅĔĬńŘĬ
œħƟěńħĪņĴŅĨĶģŅĬĔŅĶĮĢŇĭńĨŇĚŅĬȮ&Standard Work) ŏıŊŗŀŒľƟĔĶŃĭĺĬĔŅĶįĸŇĨĴňėĺŅĴĽĴŗņŏĽĴŀŐĸŃĴň
ĮĶŃĽŇĪīŇĳŅıĴŅĔĕŉŘĬȮįĸĔŅĶĺŇěńĵıĭĺƞŅȮĮĶŇĴŅĦĔŅĶįĸŇĨĨƞŀĺńĬŏıŇŗĴĕŉŘĬȮĕĦŃĪňŗŏĺĸŅŒĬĔĶŃĭĺĬĔŅĶįĸŇĨ
ŐĸŃĶŃĵŃĪŅĚĔŅĶœľĸĕŀĚĚŅĬĸħĸĚŀĵƞŅĚĝńħŏěĬȮėĺŅĴıŉĚıŀŒěĕŀĚįŌƟĮĢŇĭńĨŇĚŅĬľĸńĚĔŅĶŒĝƟĴŅĨĶģŅĬ
ĔŅĶĮĢŇĭńĨŇĚŅĬŀĵŌƞŒĬĶŃħńĭĴŅĔȮőħĵĴňėƞŅŏĜĸňŗĵȮ3.85 ŐĸŃĽƞĺĬŏĭňŗĵĚŏĭĬĴŅĨĶģŅĬȮ0.39 ĬŀĔěŅĔĬňŘĔŅĶ
ŏĮĶňĵĭŏĪňĵĭĮĶŃĽŇĪīŇĳŅıĔƞŀĬŐĸŃľĸńĚĔŅĶĮĶńĭĮĶŋĚĵńĚŐĽħĚŒľƟŏľŖĬĩŉĚėĺŅĴŐĨĔĨƞŅĚŀĵƞŅĚĴňĬńĵĽņėńĠ
ĪŅĚĽĩŇĨŇĪňŗĶŃħńĭȮ,05 ĞŉŗĚĽŃĪƟŀĬŒľƟŏľŖĬĺƞŅŐĬĺĪŅĚĔŅĶĮĶńĭĮĶŋĚĪňŗŒĝƟĽŅĴŅĶĩŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĔŅĶįĸŇĨ
œħƟěĶŇĚȮŐĸŃĝƞĺĵĵĔĶŃħńĭėŋĦĳŅıĔŅĶĪņĚŅĬĕŀĚĔĸŋƞĴŀŅĝňıŒĬĝŋĴĝĬŀĵƞŅĚŏĮƦĬĶŌĮīĶĶĴ 
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  1'ȮĶŅĵŋĪīȮěńĬĪĶƢıĶŅľĴĦƢȮ[32]ȮœħƟħņŏĬŇĬĔŅĶĺŇěńĵŏıŊŗŀĮĶńĭĮĶŋĚĮĶŃĽŇĪīŇĳŅıĔŅĶ
ħņŏĬŇĬĚŅĬŒĬŀŌƞĞƞŀĴĶĩȮőħĵĴňĺńĨĩŋĮĶŃĽĚėƢľĸńĔŏıŊŗŀȮĸħĽńħĽƞĺĬĕŀĚĶĩĵĬĨƢĪňŗĽƞĚĴŀĭĸƞŅĝƟŅŒĬĚŅĬĞƞŀĴ
ĮĶŃŏĳĪȮA ŐĸŃȮB ĸĚŀĵƞŅĚĬƟŀĵĶƟŀĵĸŃȮ10 ěŅĔĔŅĶĺŇŏėĶŅŃľƢĔĶŃĭĺĬĔŅĶĪņĚŅĬıĭĺƞŅĴňĕńŘĬĨŀĬľĸńĔȮ
9 ĕńŘĬĨŀĬĪňŗŒĝƟĶŃĵŃŏĺĸŅĴŅĔĔĺƞŅȮ30 ĬŅĪňȮěŉĚœħƟħņŏĬŇĬĔŅĶĺŇŏėĶŅŃľƢĶŅĵĸŃŏŀňĵħŒĬĶŃħńĭĚŅĬĵƞŀĵőħĵ
ŒĝƟŐįĬĳŌĴŇĔŅĶœľĸĕŀĚĔĶŃĭĺĬĔŅĶȮ&Process Flowchart) ŏıŊŗŀĶŃĭŋĚŅĬĵƞŀĵĪňŗŏĮƦĬėŀĕĺħľĶŊŀŒĝƟ
ŏĺĸŅĬŅĬŏĔŇĬœĮȮěŅĔĬńŘĬœħƟĺŇŏėĶŅŃľƢľŅĽŅŏľĨŋĕŀĚėĺŅĴĸƞŅĝƟŅőħĵŀŅĻńĵľĸńĔĔŅĶȮWhyůWhy 
Analysis ľĶŊŀĔŅĶĨńŘĚėņĩŅĴŏĝŇĚĸŉĔŏıŊŗŀėƟĬľŅĽŅŏľĨŋĶŅĔȮ&Root Cause) ĕŀĚĮƤĠľŅŒĬŐĨƞĸŃĕńŘĬĨŀĬȮ
ĽŋħĪƟŅĵœħƟĔņľĬħŐĬĺĪŅĚŒĬĔŅĶŐĔƟœĕĞŉŗĚėĶŀĭėĸŋĴĪńŘĚħƟŅĬĔĶŃĭĺĬĔŅĶĪņĚŅĬȮĔŅĶěńħĽĶĶĪĶńıĵŅĔĶȮ
ŐĸŃĔŅĶĽŊŗŀĽŅĶĳŅĵŒĬŀĚėƢĔĶȮĔŅĶĻŉĔļŅĬňŘĽŃĪƟŀĬŒľƟŏľŖĬĩŉĚĮĶŃĽŇĪīŇĳŅıĕŀĚĔŅĶĺŇŏėĶŅŃľƢŏĝŇĚĶŃĭĭ
ŐĸŃĔŅĶŒĝƟŏėĶŊŗŀĚĴŊŀĪŅĚŀŋĨĽŅľĔŅĶŒĬĔŅĶŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĔŅĶŒľƟĭĶŇĔŅĶŒĬĳŅėĵŅĬĵĬĨƢŀĵƞŅĚŏĮƦĬ
ĶŌĮīĶĶĴ 

  2'ȮĔĬĔĔŅĠěĬƢȮěŇĶĻŇĶŇŏĸŇĻȮŐĸŃȮĦńģĺŋĥŇȮıĸĻĶňȮ[33]ȮœħƟħņŏĬŇĬĔŅĶĻŉĔļŅĔŅĶ
ĮĶŃĵŋĔĨƢŒĝƟĶŃĭĭĔŅĶįĸŇĨŐĭĭĸňĬȮ&Lean Manufacturing) ŏıŊŗŀĮĶńĭĮĶŋĚĮĶŃĽŇĪīŇĳŅıŐĸŃĸħ
ĶŃĵŃŏĺĸŅĔĶŃĭĺĬĔŅĶįĸŇĨŒĬőĶĚĚŅĬįĸŇĨŏĽƟĬĕĬĴěňĬľĴńĔȮőħĵĴňŏĮƚŅľĴŅĵŏıŊŗŀĸħėĺŅĴĽŌĠŏĽňĵĪňŗ
ŏĔŇħĕŉŘĬŒĬĔĶŃĭĺĬĔŅĶȮįƞŅĬĔŅĶĺŇŏėĶŅŃľƢħƟĺĵŏėĶŊŗŀĚĴŊŀȮ7 Waste ŏıŊŗŀĶŃĭŋĮƤěěńĵĪňŗĔƞŀŒľƟŏĔŇħėĺŅĴĽŌĠ
ŏĮĸƞŅŒĬĶŃĭĭĔŅĶįĸŇĨȮőħĵŏĜıŅŃŒĬħƟŅĬĔŅĶĶŀėŀĵȮ&Waiting) ŐĸŃĔŅĶŏėĸŊŗŀĬœľĺĪňŗœĴƞěņŏĮƦĬȮ
&Unnecessary Motion) ěŅĔĬńŘĬœħƟĬņŐįĬĳŌĴŇĔĶŃĭĺĬĔŅĶœľĸȮ&Flow Process Chart) ĶƞĺĴĔńĭ
ľĸńĔĔŅĶȮECRS (Eliminate, Combine, Rearrange, Simplify) ĴŅŒĝƟŏĮƦĬŐĬĺĪŅĚŒĬĔŅĶĮĶńĭĮĶŋĚ
ĔŅĶĺŅĚįńĚŏėĶŊŗŀĚěńĔĶŐĸŃĕńŘĬĨŀĬĔŅĶĪņĚŅĬŒľĴƞȮįĸĔŅĶĮĶńĭĮĶŋĚŐĽħĚŒľƟŏľŖĬĺƞŅĽŅĴŅĶĩĸħĶŃĵŃŏĺĸŅ
ĔĶŃĭĺĬĔŅĶįĸŇĨěŅĔŏħŇĴȮ360.88 ĬŅĪňȮŏľĸŊŀȮ342.08 ĬŅĪňȮėŇħŏĮƦĬĔŅĶĸħĸĚĶƟŀĵĸŃȮ5.21 ĞŉŗĚĽŃĪƟŀĬ
ŒľƟŏľŖĬĩŉĚĻńĔĵĳŅıĕŀĚŐĬĺėŇħĸňĬŒĬĔŅĶŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĔŅĶįĸŇĨŐĸŃĸħĨƟĬĪŋĬŏĺĸŅœħƟŀĵƞŅĚĴň
ĮĶŃĽŇĪīŇįĸŒĬĔĶŃĭĺĬĔŅĶŐĮĶĶŌĮŀŅľŅĶĮĶŃŏĳĪŏĽƟĬ 
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ĭĪĪňŗȮ1ȮĺŇīňħņŏĬŇĬĔŅĶĺŇěńĵ 

 ĚŅĬĺŇěńĵĬňŘŏĮƦĬĔŅĶĺŇěńĵŏĝŇĚĮĶŃĵŋĔĨƢĪňŗĴŋƞĚŏĬƟĬĔŅĶŀŀĔŐĭĭŐĸŃıńĥĬŅŏĪėőĬőĸĵňŀŇĬŏĪŀĶƢŏĬŖĨ
ĮĶŃĽŅĬĽĶĶıĽŇŗĚ ŏıŊŗŀėĺĭėŋĴŐĸŃĨŇħĨŅĴĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲħƟĺĵıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢŀĵƞŅĚĴň
ĮĶŃĽŇĪīŇĳŅıŒĬĽĳŅıŐĺħĸƟŀĴěĶŇĚĕŀĚĝŋĴĝĬȮĔĸŋƞĴĺŇĽŅľĔŇěĝŋĴĝĬĔŅŐĲĶńļġŅŐĸŃŐĮĶĶŌĮįĸįĸŇĨ
ĔŅĶŏĔļĨĶȮŀņŏĳŀĶńļġŅȮěńĚľĺńħĨĶńĚȮőħĵĔŅĶĬņŏĪėőĬőĸĵňŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚĴŅ
ĮĶŃĵŋĔĨƢŒĝƟŒĬĔŅĶıńĥĬŅĶŃĭĭĨŇħĨŅĴŐĸŃėĺĭėŋĴőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮĕŀĚĔĸŋƞĴĺŇĽŅľĔŇě
ĝŋĴĝĬȮĞŉŗĚœħƟĶńĭĔŅĶĽĬńĭĽĬŋĬěŅĔĽņĬńĔĚŅĬıĸńĚĚŅĬěńĚľĺńħȮĔĶŃĪĶĺĚıĸńĚĚŅĬȮŒľƟĝŋĴĝĬŒĝƟŒĬĔŅĶĨŅĔ
ŐľƟĚŏĴĸŖħĔŅŐĲȮ 

 ŒĬĔŅĶħņŏĬŇĬĔŅĶĺŇěńĵȮįŌƟĺŇěńĵœħƟŐĭƞĚĕńŘĬĨŀĬĔŅĶĺŇěńĵŀŀĔŏĮƦĬ 9 ĕńŘĬĨŀĬħńĚĳŅıĪňŗȮ1,/ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.1 ĔŅĶĻŉĔļŅĚŅĬĺŇěńĵŐĸŃĪķļġňĪňŗŏĔňŗĵĺĕƟŀĚ 
 įŌƟĺŇěńĵŏĶŇŗĴĨƟĬħƟĺĵĔŅĶĻŉĔļŅĕƟŀĴŌĸĪķļġňȮĚŅĬĺŇěńĵĪňŗįƞŅĬĴŅȮŐĸŃŏŀĔĽŅĶĪŅĚĺŇĝŅĔŅĶĪňŗ
ŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲ*ȮĔŅĶŀŀĔŐĭĭŐĸŃĮĶŃĵŋĔĨƢŒĝƟŏĪėőĬőĸĵňȮIoT ŏıŊŗŀŒĝƟŏĮƦĬŐĬĺĪŅĚ
ŒĬĔŅĶıńĥĬŅĶŃĭĭ IoT ĽņľĶńĭőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮőħĵœħƟĽŊĭėƟĬĕƟŀĴŌĸĪŅĚĪķļġňěŅĔ
ŐľĸƞĚĨƞŅĚȮŕȮĪńŘĚľĬńĚĽŊŀȮĚŅĬĺŇěńĵȮŐĸŃĭĪėĺŅĴĺŇĝŅĔŅĶȮĨńĺŀĵƞŅĚľńĺĕƟŀĪňŗœħƟĻŉĔļŅĮĶŃĔŀĭħƟĺĵȮħńĚĬňŘ 

ĳŅıĪňŗȮ1,/ȮĕńŘĬĨŀĬħņŏĬŇĬĔŅĶĺŇěńĵ 
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 /'ȮŏĪėőĬőĸĵňĔŅĶŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮ ĻŉĔļŅľĸńĔĔŅĶĪņĚŅĬĕŀĚőĶĚŀĭŐľƟĚıĸńĚĚŅĬ
ŐĽĚŀŅĪŇĨĵƢȮőėĶĚĽĶƟŅĚĪńŗĺœĮĕŀĚőĶĚŏĶŊŀĬŀĭŐľƟĚȮĺńĽħŋĪňŗŒĝƟĪņľĸńĚėŅŏıŊŗŀŒľƟŐĽĚŀŅĪŇĨĵƢĽƞŀĚįƞŅĬȮŐĸŃ
ĮƤěěńĵĪňŗĴňįĸĨƞŀĮĶŃĽŇĪīŇĳŅıĔŅĶŀĭŐľƟĚȮŏĝƞĬȮŀŋĦľĳŌĴŇȮėĺŅĴĝŊŘĬĽńĴıńĪīƢȮŐĸŃĔŅĶĶŃĭŅĵŀŅĔŅĻȮ
ĨĸŀħěĬŐĬĺĪŅĚĔŅĶėĺĭėŋĴĮƤěěńĵŏľĸƞŅĬňŘŒľƟŏľĴŅŃĽĴĔńĭįĸŇĨĳńĦĤƢĔŅĶŏĔļĨĶŐĨƞĸŃĮĶŃŏĳĪ 

 0'ȮŏĪėőĬőĸĵňȮInternet of Things (IoT)Ȯ ĻŉĔļŅŐĬĺėŇħĕŀĚȮIoT ŐĸŃĽƞĺĬĮĶŃĔŀĭıŊŘĬģŅĬȮ
œħƟŐĔƞȮŏĞŖĬŏĞŀĶƢȮ&Sensors), œĴőėĶėŀĬőĪĶĸŏĸŀĶƢľĶŊŀŀŋĮĔĶĦƢĮĶŃĴĺĸįĸȮ&Microcontroller/Ȯ
Embedded Device), ĔŅĶĽŊŗŀĽŅĶĕƟŀĴŌĸįƞŅĬŏėĶŊŀĕƞŅĵȮ&Networking) ŐĸŃĶŃĭĭėĸŅĺħƢȮ&Cloud 
System) ŏıŊŗŀŒĝƟŒĬĔŅĶĶńĭĽƞĚŐĸŃěńħŏĔŖĭĕƟŀĴŌĸȮĬŀĔěŅĔĬňŘȮĵńĚœħƟĻŉĔļŅĨńĺŀĵƞŅĚĚŅĬĺŇěńĵĪňŗĮĶŃĵŋĔĨƢŒĝƟȮ
IoT ŒĬĔŅĶėĺĭėŋĴĽĳŅıŐĺħĸƟŀĴħƟŅĬĔŅĶŏĔļĨĶľĶŊŀőĶĚŏĶŊŀĬŀĭŐľƟĚȮŏıŊŗŀŏĮƦĬŐĬĺĪŅĚŒĬĔŅĶ
ŀŀĔŐĭĭĶŃĭĭȮĪńŘĚĬňŘœħƟĶĺĭĶĺĴĕƟŀĴŌĸŏĔňŗĵĺĔńĭŏĞŖĬŏĞŀĶƢĺńħĽĳŅıŐĺħĸƟŀĴĪňŗŏľĴŅŃĽĴȮŏĪėőĬőĸĵňĔŅĶ
ĽŊŗŀĽŅĶœĶƟĽŅĵȮ&ŏĝƞĬȮWi-Fi) ĽņľĶńĭŏĝŊŗŀĴĨƞŀŀŋĮĔĶĦƢĽŌƞŏėĶŊŀĕƞŅĵŀŇĬŏĪŀĶƢŏĬŖĨȮĨĸŀħěĬĔŅĶŒĝƟ
ŐıĸĨĲŀĶƢĴėĸŅĺħƢŒĬĔŅĶĭńĬĪŉĔŐĸŃŐĽħĚįĸĕƟŀĴŌĸĶŃĵŃœĔĸ 

 1'ȮĔŅĶĮĶŃĵŋĔĨƢŒĝƟŏĪėĬŇėĺŇĻĺĔĶĶĴŀŋĨĽŅľĔŅĶȮ ĔŅĶĬņŐĬĺėŇħŐĸŃŏĪėĬŇėĪŅĚħƟŅĬĺŇĻĺĔĶĶĴ
ŀŋĨĽŅľĔŅĶŏĕƟŅĴŅĮĶŃĵŋĔĨƢŒĝƟŒĬĔŅĶĶŃĭŋĮƤĠľŅŐĸŃŐĔƟœĕŏıŊŗŀŒĝƟŏĮƦĬŐĬĺĪŅĚŒĬĔŅĶĔņľĬħ
ĺńĨĩŋĮĶŃĽĚėƢŐĸŃĕŀĭŏĕĨĚŅĬĕŀĚĺŇěńĵĬňŘȮŏĝƞĬȮĔŅĶĻŉĔļŅŏėĶŊŗŀĚĴŊŀĪňŗŒĝƟŒĬĔŅĶĺŇŏėĶŅŃľƢĮĶńĭĮĶŋĚ
ĔĶŃĭĺĬĔŅĶįĸŇĨȮœħƟŐĔƞ ŐįĬĳŌĴŇĔĶŃĭĺĬĔŅĶœľĸ ĞŉŗĚŒĝƟŒĬĔŅĶĭńĬĪŉĔŐĸŃĺŇŏėĶŅŃľƢĸņħńĭĕńŘĬĨŀĬŐĸŃ
ŏĺĸŅĪňŗŒĝƟŒĬĔĶŃĭĺĬĔŅĶŀĵƞŅĚĸŃŏŀňĵħȮŐĸŃĔŅĶĶŃĭŋĽŅŏľĨŋŐĸŃŏıŊŗŀŒľƟŏľŖĬĶŅĔŏľĚƟŅĕŀĚĮƤĠľŅħƟĺĵ
ŐįĬįńĚĔƟŅĚĮĸŅȮĶĺĴĩŉĚĔŅĶĺŇŏėĶŅŃľƢėĺŅĴĽŌĠŏĮĸƞŅȮ7 ĮĶŃĔŅĶ &7 Wastes) ŒĬĔĶŃĭĺĬĔŅĶȮŏıŊŗŀĶŃĭŋ
ĽƞĺĬĪňŗœĴƞŏıŇŗĴėŋĦėƞŅȮŏĝƞĬȮĔŅĶĶŀėŀĵ, ĔŅĶŏėĸŊŗŀĬœľĺĪňŗŏĔŇĬěņŏĮƦĬ, ėĺŅĴĽŇŘĬŏĮĸŊŀĚěŅĔĔĶŃĭĺĬĔŅĶĪňŗ
œĴƞěņŏĮƦĬȮŏĮƦĬĨƟĬȮŏėĶŊŗŀĚĴŊŀŏľĸƞŅĬňŘěŃĩŌĔĬņĴŅŒĝƟŒĬĔŅĶĺŇŏėĶŅŃľƢŏĮĶňĵĭŏĪňĵĭĔĶŃĭĺĬĔŅĶŀĭŐľƟĚ
ŏĴĸŖħĔŅŐĲĔƞŀĬŐĸŃľĸńĚĔŅĶĮĶńĭĮĶŋĚħƟĺĵĶŃĭĭȮIoT ŏıŊŗŀĮĶŃŏĴŇĬĮĶŃĽŇĪīŇĳŅıĕŀĚĶŃĭĭĪňŗıńĥĬŅĕŉŘĬ 

 įĸěŅĔĔŅĶĻŉĔļŅĪķļġňŐĸŃĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚħńĚĔĸƞŅĺȮĪņŒľƟįŌƟĺŇěńĵŏĕƟŅŒěĩŉĚĮƤĠľŅŐĸŃėĺŅĴ
ĨƟŀĚĔŅĶŒĬĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲĕŀĚĝŋĴĝĬȮĨĸŀħěĬŐĬĺĪŅĚŏĪėőĬőĸĵňĪňŗěŃĬņĴŅŐĔƟœĕĮƤĠľŅȮħƟĺĵ
ŏľĨŋĬňŘȮįŌƟĺŇěńĵěŉĚĔņľĬħŐĬĺĪŅĚŒĬĔŅĶĺŇěńĵĨƞŀœĮȮėŊŀĔŅĶŀŀĔŐĭĭŐĸŃıńĥĬŅĶŃĭĭȮIoT ĪňŗĽŅĴŅĶĩ
ĨĶĺěĺńħĽĳŅıŐĺħĸƟŀĴȮ&ŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬ'ȮĳŅĵŒĬőĶĚŀĭŐľƟĚŐĭĭŏĶňĵĸœĪĴƢȮėĺĭėŋĴĔŅĶĪņĚŅĬ
ĕŀĚŀŋĮĔĶĦƢĶŃĭŅĵŀŅĔŅĻőħĵŀńĨőĬĴńĨŇĨŅĴŏĚŊŗŀĬœĕĪňŗĔņľĬħȮŐĸŃŏĝŊŗŀĴĨƞŀĕƟŀĴŌĸĔŅĶĨĶĺěĺńħŏĕƟŅĽŌƞ
ĶŃĭĭėĸŅĺħƢŏıŊŗŀĔŅĶĨŇħĨŅĴįĸȮĞŉŗĚĶŅĵĸŃŏŀňĵħěŃĔĸƞŅĺŒĬľńĺĕƟŀĩńħœĮ  
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3.0ȮĔŅĶĻŉĔļŅĕƟŀĴŌĸĔĶŃĭĺĬĔŅĶŀĭŐľƟĚĕŀĚŏĴĸŖħĔŅŐĲĕŀĚĔĸŋƞĴĺŇĽŅľĔŇěĪňŗįĸŇĨŀĵŌƞŒĬĮƤěěŋĭńĬ 
 1,0,/ȮĔŅĶĻŉĔļŅĕƟŀĴŌĸőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢ 
  ĔĸŋƞĴĺŇĽŅľĔŇěĝŋĴĝĬĔŅŐĲĶńļġŅŐĸŃŐĮĶĶŌĮįĸįĸŇĨĔŅĶŏĔļĨĶȮŀņŏĳŀĶńļġŅȮěńĚľĺńħĨĶńĚȮȮ
ĴňįĸŇĨĳńĦĤƢľĸńĔĪňŗįĸŇĨŐĸŃěņľĬƞŅĵėŊŀȮŏĴĸŖħĔŅŐĲėńŗĺĴŊŀȮŐĸŃœħƟĨƞŀĵŀħįĸŇĨĳńĦĤƢŏĮƦĬĔŅŐĲħĶŇĮėńŗĺ
ĭħȮŐĸŃĝŅħŀĔĔŅŐĲȮĞŉŗĚŒĬĔŅĶįĸŇĨŏĴĸŖħĔŅŐĲėńŗĺĴŊŀĬńŘĬȮĨƟŀĚĬņŏĴĸŖħĔŅŐĲĽħŏĕƟŅĽŌƞĔĶĶĴĺŇīňľĴńĔŐĸŃ
ĨŅĔŐľƟĚŐĭĭĺŇīňħńŘĚŏħŇĴȮőħĵŒĝƟőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮĕĬŅħȮ1Ȯx 2ȮŏĴĨĶȮĞŉŗĚŏĮƦĬőĶĚŀĭŐľƟĚ
ŐĭĭŏĶŊŀĬĔĶŃěĔőħĵŒĝƟıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮĪňŗĴňĸńĔļĦŃŏĮƦĬőĶĚŏĶŊŀĬĪňŗĴňľĸńĚėŅŏĮƦĬĪĶĚőėƟĚıŅĶŅőĭĸƞŅȮȮȮȮ
ĔĶŋħƟĺĵŐįƞĬıĸŅĽĨŇĔőıĸŇėŅĶƢĭŀŏĬĨŐĭĭŒĽȮĴňĶŃĭĭĶŃĭŅĵėĺŅĴĝŊŘĬħƟĺĵıńħĸĴĶŃĭŅĵŀŅĔŅĻĕĬŅħȮ6ȮĬŇŘĺȮ
ŐĭĭŒĝƟœĲĲƚŅĔĶŃŐĽĽĸńĭ 20 ĺńĨĨƢȮěņĬĺĬȮ0ȮĨńĺȮŒĬĔŅĶĨŅĔŐľƟĚŏĴĸŖħĔŅŐĲȮőħĵŒĝƟĺŇīňĨŅĔŐľƟĚŐĭĭħńŘĚŏħŇĴ
ŒĬőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĪňŗœĴƞĴňĶŃĭĭėĺĭėŋĴŀńĨőĬĴńĨŇŒħȮŕȮőħĵŏĴĸŖħĔŅŐĲěŃĩŌĔĔĶŃěŅĵĭĬ
ĨŃŐĔĶĚĳŅĵŒĬőĶĚŀĭŐĸŃĮĸƞŀĵŒľƟŐľƟĚĨŅĴĽĳŅıŀŅĔŅĻīĶĶĴĝŅĨŇȮįŌƟĮĢŇĭńĨŇĚŅĬěŃĮĶŃŏĴŇĬėĺŅĴŐľƟĚ
ĕŀĚŏĴĸŖħĔŅŐĲěŅĔĔŅĶĽńĚŏĔĨľĶŊŀĮĶŃĽĭĔŅĶĦƢȮőħĵĔŅĶĔŃĮĶŇĴŅĦėĺŅĴĝŊŘĬħƟĺĵĴŊŀľĶŊŀĽŅĵĨŅȮ
ŏĬŊŗŀĚěŅĔőĶĚŀĭŐľƟĚħńĚĔĸƞŅĺœĴƞĴňŀŋĮĔĶĦƢĨĶĺěĺńħėĺŅĴĝŊŘĬœħƟĶŃľĺƞŅĚĔŅĶĨŅĔ 
 1,0,0ȮĔŅĶĻŉĔļŅĕńŘĬĨŀĬĔŅĶŀĭŐľƟĚ 
  įŌƟĺŇěńĵœħƟĪņĔŅĶĽńĚŏĔĨŐĸŃĭńĬĪŉĔĔŇěĔĶĶĴĔŅĶĪņĚŅĬŒĬĔĶŃĭĺĬĔŅĶŀĭŐľƟĚŏĴĸŖħ
ĔŅŐĲĕŀĚĔĸŋƞĴĺŇĽŅľĔŇěłȮĪńŘĚŒĬĔĶĦňȮĔƞŀĬĮĶńĭĮĶŋĚȮ&ĺŇīňħńŘĚŏħŇĴ'ȮőħĵŒĝƟȮŐįĬĳŌĴŇĔĶŃĭĺĬĔŅĶœľĸȮ
&Flow Process Chart) ŏĮƦĬŏėĶŊŗŀĚĴŊŀŒĬĔŅĶĭńĬĪŉĔȮĕńŘĬĨŀĬĬňŘĮĶŃĔŀĭħƟĺĵĔŅĶěħĭńĬĪŉĔĪŋĔĔŇěĔĶĶĴ
ĪňŗįŌƟĮĢŇĭńĨŇĚŅĬħņŏĬŇĬĔŅĶĨńŘĚŐĨƞŏĶŇŗĴĔĶŃĭĺĬĔŅĶȮ&ŏĝƞĬȮĔŅĶĬņŏĴĸŖħĔŅŐĲŏĕƟŅőĶĚŀĭ, ĔŅĶĨĶĺěŏĝŖė
ėĺŅĴĝŊŘĬĪŋĔĺńĬ, ĔŅĶıĸŇĔľĶŊŀŏĔĸňŗĵŏĴĸŖħĔŅŐĲ, ĔŅĶŏĮƕħ-ĮƕħőĶĚŏĶŊŀĬŏıŊŗŀĶŃĭŅĵŀŅĔŅĻ, ěĬĩŉĚĔŅĶ
ŏĔŖĭŏĴĸŖħĔŅŐĲŏĴŊŗŀŐľƟĚĽĬŇĪ'ȮıĶƟŀĴĔńĭĭńĬĪŉĔȮŏĺĸŅĪňŗŒĝƟȮŒĬŐĨƞĸŃĔŇěĔĶĶĴŀĵƞŅĚĸŃŏŀňĵħȮĶĺĴĩŉĚŏĺĸŅĪňŗ
ŏĮƦĬĔŅĶĶŀėŀĵľĶŊŀıńĔėŀĵĶŃľĺƞŅĚĔŇěĔĶĶĴȮįĸĪňŗœħƟėŊŀĬņĕƟŀĴŌĸĪńŘĚľĴħĴŅŏĕňĵĬŏĮƦĬŐįĬĳŌĴŇ
ĔĶŃĭĺĬĔŅĶœľĸȮĞŉŗĚŐĽħĚȮĸņħńĭĔŇěĔĶĶĴȮŐĸŃȮŏĺĸŅĶĺĴĕŀĚŐĨƞĸŃĔŇěĔĶĶĴȮĨĸŀħěĬŏĺĸŅĶĺĴĕŀĚĪńŘĚ
ĔĶŃĭĺĬĔŅĶȮěŅĔĔŅĶĻŉĔļŅıĭĺƞŅĴňĕńŘĬĨŀĬĔŅĶĪņĚŅĬľĸŅĵĸņħńĭŐĸŃŒĝƟĶŃĵŃŏĺĸŅėƞŀĬĕƟŅĚĬŅĬȮőħĵ
ĔŅĶŀĭŐľƟĚŐĭĭħńŘĚŏħŇĴĪňŗŒĝƟĶŃĵŃŒĬĔĶŃĭĺĬĔŅĶŀĭŐľƟĚŏĮƦĬŏĺĸŅĬŅĬȮĶĺĴŏĮƦĬěņĬĺĬȮ1.*243ȮĬŅĪňȮ
&0/,/4 ĺńĬ' őħĵĴňĶŃĵŃŏĺĸŅĪňŗŒĝƟŏĜıŅŃŒĬĕńŘĬĨŀĬĔŅĶĬņŏĴĸŖħĔŅŐĲĴŅĨŅĔŐħħŒľƟŐľƟĚľĶŊŀĔŅĶŀĭŐľƟĚȮ
ŏĮƦĬěņĬĺĬȮ03*70.ȮĬŅĪňȮ&/6ȮĺńĬ'ȮĞŉŗĚĶŃĵŃŏĺĸŅĪňŗŒĝƟŒĬĔŅĶĨŅĔŐľƟĚħńĚĔĸƞŅĺĕŉŘĬŀĵŌƞĔńĭĽĳŅıŀŅĔŅĻ
ŒĬĝƞĺĚĬńŘĬŕȮ&ŏĝƞĬȮĝƞĺĚĪňŗĴňŐħħħňěŃŒĝƟŏĺĸŅĬƟŀĵĔĺƞŅĝƞĺĚĪňŗİĬĨĔľĶŊŀĴňėĺŅĴĝŊŘĬĽŌĚ'ȮŒĬĔŅĶĸħėĺŅĴĝŊŘĬ
ĕŀĚŏĴĸŖħĔŅŐĲĸĚěĬĩŉĚĶŃħńĭŏĮƦĬĪňŗıŉĚıŀŒěĕŀĚįŌƟŒĝƟĚŅĬȮőħĵĔŅĶĮĶŃŏĴŇĬėĺŅĴĝŊŘĬħƟĺĵĮĶŃĽĭĔŅĶĦƢ
ĪňŗėŇħĺƞŅŏľĴŅŃĽĴĽņľĶńĭĔŅĶŐĮĶĶŌĮħƟĺĵĔŅĶėńŗĺĨƞŀœĮȮĞŉŗĚĕńŘĬĨŀĬĔŅĶĪņĚŅĬĪńŘĚľĴħĽŅĴŅĶĩĩƞŅĵĪŀħ
ŒľƟŏľŖĬħƟĺĵŐįĬĳŌĴŇĔĶŃĭĺĬĔŅĶœľĸȮȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ1,0 
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ĳŅıĪňŗȮ1,0ȮĕńŘĬĨŀĬĔĶŃĭĺĬĔŅĶŀĭŐľƟĚĕŀĚŏĴĸŖħĔŅŐĲĕŀĚĔĸŋƞĴĺŇĽŅľĔŇěĝŋĴĝĬ 
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  ěŅĔŐįĬĳŌĴŇĔĶŃĭĺĬĔŅĶœľĸĕŀĚĔŅĶįĸŇĨŏĴĸŖħĔŅŐĲŐĭĭħńŘĚŏħŇĴȮ&ĳŅıĪňŗȮ1,0) ěŃ
ŏľŖĬĺƞŅĔĶŃĭĺĬĔŅĶĪňŗŒĝƟŏĺĸŅĬŅĬĪňŗĽŋħėŊŀ ĔŅĶĶŀėŀĵŒľƟŏĴĸŖħĔŅŐĲŐľƟĚ ŐĸŃ ĔŅĶĮĶŃŏĴŇĬėĺŅĴĝŊŘĬ
őħĵĔŅĶĽńĚŏĔĨħƟĺĵĨĬŏŀĚ ĞŉŗĚĶĺĴŐĸƟĺŒĝƟŏĺĸŅĮĶŃĴŅĦ 18 ĺńĬȮ&őħĵŏĜĸňŗĵ' ĔĺƞŅěŃœħƟŏĴĸŖħĔŅŐĲĪňŗŐľƟĚ
ıĶƟŀĴĽņľĶńĭĕńŘĬĨŀĬĨƞŀœĮȮĬŀĔěŅĔĬňŘȮĵńĚıĭĮƤĠľŅĺƞŅőĶĚŀĭŐľƟĚŐĭĭħńŘĚŏħŇĴœĴƞĽŅĴŅĶĩėĺĭėŋĴ
ŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬœħƟĨŅĴĨƟŀĚĔŅĶĕŀĚįĸŇĨĳńĦĤƢȮĪņŒľƟėŋĦĳŅıĕŀĚŏĴĸŖħĔŅŐĲĪňŗœħƟŀŅěœĴƞ
ĽĴŗņŏĽĴŀȮŐĸŃŒĝƟŏĺĸŅĬŅĬŏĔŇĬėĺŅĴěņŏĮƦĬŒĬĔŅĶĨŅĔŐľƟĚȮĬŀĔěŅĔĬňŘĔŅĶĨŅĔŏĴĸŖħĔŅŐĲŏĮƦĬ
ŏĺĸŅĬŅĬħńĚĔĸƞŅĺĔƞŀŒľƟŏĔŇħĮƤĠľŅľĸŅĵĮĶŃĔŅĶȮœħƟŐĔƞȮėĺŅĴĸƞŅĝƟŅŒĬĔŅĶįĸŇĨȮ&ŏĔŇħėĺŅĴĽŌĠŏĽňĵ
ĮĶŃŏĳĪĔŅĶĶŀėŀĵ'ȮėĺŅĴŏĽňŗĵĚĪňŗįĸŇĨįĸŀŅěĕŉŘĬĶŅŏĽňĵľŅĵľŅĔĽĳŅıŀŅĔŅĻĝŊŘĬŏĔŇĬœĮȮįŌƟĺŇěńĵěŉĚ
ŏĸŖĚŏľŖĬőŀĔŅĽŒĬĔŅĶĮĶŃĵŋĔĨƢŒĝƟŏĪėőĬőĸĵňȮIoT ŏıŊŗŀŐĔƟœĕĮƤĠľŅħńĚĔĸƞŅĺȮőħĵĔŅĶıńĥĬŅĶŃĭĭ
ĨĶĺěĺńħŐĸŃėĺĭėŋĴĮƤěěńĵĽĳŅıŐĺħĸƟŀĴĳŅĵŒĬőĶĚŀĭŐľƟĚŐĭĭŀńĨőĬĴńĨŇȮĞŉŗĚėŅħĺƞŅěŃĽŅĴŅĶĩĝƞĺĵĸħ
ĶŃĵŃŏĺĸŅĔŅĶŀĭŐľƟĚĨŅĴĺńĨĩŋĮĶŃĽĚėƢĕŀĚĚŅĬĺŇěńĵĬňŘȮĞŉŗĚěŃĪņŒľƟŏıŇŗĴėĺŅĴĽŅĴŅĶĩŒĬĔŅĶįĸŇĨŐĸŃ
ĮĶńĭĮĶŋĚėŋĦĳŅıĕŀĚŏĴĸŖħĔŅŐĲŒľƟĽĴŗņŏĽĴŀĴŅĔĕŉŘĬħƟĺĵ 

1,1ȮĔŅĶĺŇŏėĶŅŃľƢĽŅŏľĨŋėĺŅĴĸƞŅĝƟŅĕŀĚĔĶŃĭĺĬĔŅĶŀĭŐľƟĚ 
 ŏĴŊŗŀŏĔŖĭĕƟŀĴŌĸĕŀĚŐĨƞĸŃĕńŘĬĨŀĬŒĬĔĶŃĭĺĬĔŅĶŀĭŐľƟĚėĶĭĩƟĺĬŐĸƟĺȮįŌƟĺŇěńĵěŉĚĬņĕƟŀĴŌĸ
ĪńŘĚľĴħĴŅĺŇŏėĶŅŃľƢŀĵƞŅĚŏĮƦĬĶŃĭĭȮőħĵŒĝƟŏėĶŊŗŀĚĴŊŀĪŅĚĺŇĻĺĔĶĶĴŀŋĨĽŅľĔŅĶĪňŗœħƟŏĨĶňĵĴœĺƟȮėŊŀ 
ŐįĬĳŌĴŇĔĶŃĭĺĬĔŅĶœľĸȮ&Flow Process Chart)*ȮĔŅĶĺŇŏėĶŅŃľƢĽŅŏľĨŋħƟĺĵŐįĬįńĚĔƟŅĚĮĸŅȮ
&Fishbone Diagram)ȮĨńĺŀĵƞŅĚŏĝƞĬȮĬņĶŃĵŃŏĺĸŅĶŀėŀĵŒĬĕńŘĬĨŀĬŀĭŐľƟĚĪňŗŒĝƟŏĺĸŅĴŅĔĪňŗĽŋħŒĬ
ĔĶŃĭĺĬĔŅĶĨŅĔŐľƟĚĞŉŗĚįŌƟĺŇěńĵĴňėĺŅĴĨƟŀĚĔŅĶĮĶńĭĮĶŋĚŒĬĕńŘĬĨŀĬĬňŘȮĴŅĺŇŏėĶŅŃľƢľŅĽŅŏľĨŋĪňŗŏĔŇħĕŉŘĬȮ
őħĵĔŅĶĬņŏėĶŊŗŀĚĴŊŀĔŅĶĺŇŏėĶŅŃľƢŏĝŇĚėŋĦĳŅıȮėŊŀŐįĬįńĚĔƟŅĚĮĸŅ&Fishbone Diagram) ĴŅŒĝƟŒĬĔŅĶ
ěņŐĬĔĽŅŏľĨŋĪňŗĴňįĸĨƞŀĮĶŃĽŇĪīŇĳŅıĕŀĚĕńŘĬĨŀĬĔŅĶŀĭŐľƟĚŒĬĔĶŃĭĺĬĔŅĶįĸŇĨȮőħĵĺŇŏėĶŅŃľƢ
ėĶŀĭėĸŋĴŒĬȮ6 ľĴĺħľĴŌƞľĸńĔȮœħƟŐĔƞȮĭŋėĸŅĔĶȮ&Man), ĺŇīňĔŅĶȮ&Method), ĺńĨĩŋħŇĭȮ&Material), 
ŏėĶŊŗŀĚěńĔĶŐĸŃŀŋĮĔĶĦƢȮ&Machine), ĔŅĶĺńħįĸȮ&Measurement) ŐĸŃĽŇŗĚŐĺħĸƟŀĴȮ&Environment) 
ŏıŊŗŀĶŃĭŋĮƤěěńĵĪňŗŀŅěĔƞŀŒľƟŏĔŇħėĺŅĴĸƞŅĝƟŅ*ȮėĺŅĴĽŌĠŏĽňĵľĶŊŀėĺŅĴœĴƞĽĴŗņŏĽĴŀŒĬĔĶŃĭĺĬĔŅĶŀĭŐľƟĚȮ
ěŅĔĬńŘĬěŉĚĺŇŏėĶŅŃľƢėĺŅĴŏĝŊŗŀĴőĵĚĕŀĚĽŅŏľĨŋŏľĸƞŅĬňŘĔńĭįĸĸńıīƢĪňŗœħƟĳŅĵľĸńĚĔŅĶĨŇħĨńŘĚŐĸŃŒĝƟĚŅĬ
ĶŃĭĭėĺĭėŋĴħƟĺĵȮIoT ŏıŊŗŀŏĮƦĬŐĬĺĪŅĚŒĬĔŅĶıńĥĬŅŐĸŃĮĶńĭĮĶŋĚĔĶŃĭĺĬĔŅĶŀĵƞŅĚŏĮƦĬĶŃĭĭĨƞŀœĮ 

3.2 ĔŅĶŀŀĔŐĭĭĶŃĭĭėĺĭėŋĴȮIoT ĽņľĶńĭőĶĚŀĭŐľƟĚ 
 ľĸńĚěŅĔŏĕƟŅŒěĮƤĠľŅŐĸŃėĺŅĴĨƟŀĚĔŅĶěŅĔĔŅĶĻŉĔļŅĕƟŀĴŌĸĪňŗŏĔňŗĵĺĕƟŀĚȮįŌƟĺŇěńĵœħƟħņŏĬŇĬĔŅĶ
ŀŀĔŐĭĭĶŃĭĭ IoT ĽņľĶńĭėĺĭėŋĴőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢ őħĵĴňŏĮƚŅľĴŅĵŒľƟĶŃĭĭĽŅĴŅĶĩ
ėĺĭėŋĴĽĳŅıŐĺħĸƟŀĴĳŅĵŒĬőĶĚŀĭŐľƟĚȮ&őħĵŏĜıŅŃėĺŅĴĝŊŘĬŐĸŃĔŅĶĶŃĭŅĵŀŅĔŅĻ'ȮœħƟŀĵƞŅĚ
ŀńĨőĬĴńĨŇȮĨŅĴėƞŅĪňŗŏľĴŅŃĽĴĔńĭĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲȮĬŀĔěŅĔĬňŘȮĶŃĭĭěŃĨƟŀĚĽŅĴŅĶĩĨŇħĨŅĴ
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ĽĩŅĬŃĔŅĶĪņĚŅĬŐĸŃĽƞĚĕƟŀĴŌĸĔŅĶŀĭŐľƟĚįƞŅĬŏėĶŊŀĕƞŅĵŀŇĬŏĪŀĶƢŏĬŖĨȮŒľƟįŌƟŒĝƟĚŅĬĽŅĴŅĶĩĨĶĺěĽŀĭ
ŐĸŃĽńŗĚĔŅĶĶŃĵŃœĔĸįƞŅĬŀŋĮĔĶĦƢĽŊŗŀĽŅĶȮ&ŏĝƞĬȮĽĴŅĶƢĪőĲĬ'ȮœħƟȮŐĬĺĪŅĚĔŅĶŀŀĔŐĭĭĶŃĭĭĩŌĔŐĭƞĚ
ŀŀĔŏĮƦĬȮ2 ĽƞĺĬľĸńĔȮœħƟŐĔƞ ŐĬĺėŇħĔŅĶŀŀĔŐĭĭĶŃĭĭ ŐĸŃ ĶŅĵĔŅĶŀŋĮĔĶĦƢĪňŗŒĝƟ ħńĚĨƞŀœĮĬňŘ 

3.2.1 ŐĬĺėŇħĔŅĶŀŀĔŐĭĭ 

 ȮȮȮȮ ěŅĔĮƤĠľŅŒĬĔĶŃĭĺĬĔŅĶĨŅĔŐľƟĚŏĴĸŖħĔŅŐĲĕƟŅĚĨƟĬȮŐĬĺėŇħŒĬĔŅĶĺŇěńĵėĶńŘĚĬňŘėŊŀ
ĔŅĶıńĥĬŅĶŃĭĭėĺĭėŋĴŐĸŃĨŇħĨŅĴĔŅĶŀĭŐľƟĚőħĵŒĝƟŏĪėőĬőĸĵňȮIoT ŏıŊŗŀŒľƟĽŅĴŅĶĩėĺĭėŋĴĨńĺŐĮĶ
ĽĳŅıŐĺħĸƟŀĴĪňŗĽņėńĠȮŏĝƞĬȮŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬȮĳŅĵŒĬőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢœħƟĨŅĴėĺŅĴ
ŏľĴŅŃĽĴĔńĭįĸŇĨĳńĦĤƢȮŏĮƚŅľĴŅĵĽņėńĠėŊŀŏıŊŗŀ ĸħĶŃĵŃŏĺĸŅŒĬĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲŒľƟĽńŘĬĸĚ ŐĸŃ
ĶńĔļŅėŋĦĳŅıĕŀĚŏĴĸŖħĔŅŐĲŒľƟœħƟĴŅĨĶģŅĬȮĸħėĺŅĴŏĽňŗĵĚĔŅĶŏĔŇħŏĝŊŘŀĶŅŐĸŃėĺŅĴŏĽňĵľŅĵŀŊŗĬȮŕȮĪňŗ
œĴƞėŅħėŇħȮŀňĔĪńŘĚŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĔŅĶįĸŇĨőħĵĽŅĴŅĶĩįĸŇĨœħƟĮĶŇĴŅĦĴŅĔĕŉŘĬŒĬŏĺĸŅŏĪƞŅŏħŇĴȮĶŃĭĭĪňŗ
ıńĥĬŅĕŉŘĬěŃŏĬƟĬĔŅĶĪņĚŅĬĪňŗŏĶňĵĭĚƞŅĵœĴƞĞńĭĞƟŀĬȮįŌƟŒĝƟĚŅĬĪńŗĺœĮĽŅĴŅĶĩŏĶňĵĬĶŌƟŐĸŃŒĝƟĚŅĬœħƟĽŃħĺĔȮ
ŐĸŃĽŅĴŅĶĩĨŇħĨŅĴĔŅĶĪņĚŅĬľĶŊŀĽńŗĚĔŅĶėĺĭėŋĴĶŃĵŃœĔĸįƞŅĬŏėĶŊŀĕƞŅĵŀŇĬŏĪŀĶƢŏĬŖĨœħƟĨĸŀħŏĺĸŅ
įƞŅĬŀŋĮĔĶĦƢĽŊŗŀĽŅĶȮŏĝƞĬȮőĪĶĻńıĪƢĴŊŀĩŊŀĽĴŅĶƢĪőĲĬ 

  įĸĪňŗėŅħĺƞŅěŃœħƟĶńĭ ěŅĔŐĬĺėŇħĬňŘȮėŊŀȮőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĪňŗĨŇħĨńŘĚĶŃĭĭ
ėĺĭėŋĴŐĸŃĨŇħĨŅĴĔŅĶŀĭŐľƟĚħƟĺĵȮIoT ěŃĽŅĴŅĶĩĸħŏĺĸŅŒĬĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲĸĚěŅĔŏħŇĴŀĵƞŅĚ
ĴňĬńĵĽņėńĠȮŒľƟįĸįĸŇĨŏĴĸŖħĔŅŐĲŐľƟĚĪňŗĴňėŋĦĳŅıĽĴŗņŏĽĴŀĵŇŗĚĕŉŘĬȮŏıŇŗĴėĺŅĴĬƞŅŏĝŊŗŀĩŊŀŒĬĔĶŃĭĺĬĔŅĶ
įĸŇĨȮŀňĔĪńŘĚĶŃĭĭĪňŗıńĥĬŅĕŉŘĬĴňĨƟĬĪŋĬœĴƞĽŌĚĴŅĔŏĴŊŗŀŏĪňĵĭĔńĭĴŌĸėƞŅĪňŗŏıŇŗĴĕŉŘĬĕŀĚįĸįĸŇĨŐĸŃĽŅĴŅĶĩ
ĮĶńĭŒĝƟŏĪėőĬőĸĵňȮIoT ħńĚĔĸƞŅĺĔńĭĔŅĶŀĭŐľƟĚįĸŇĨĳńĦĤƢĪŅĚĔŅĶŏĔļĨĶĝĬŇħŀŊŗĬȮŕȮŒĬŀĬŅėĨœħƟȮ
ĬŀĔěŅĔĬňŘĔŅĶıńĥĬŅĶŃĭĭħńĚĔĸƞŅĺĵńĚĝƞĺĵĵĔĶŃħńĭőĶĚŀĭŐľƟĚŐĭĭħńŘĚŏħŇĴŒľƟĔĸŅĵŏĮƦĬĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟ
ħƟŅĬĔŅĶŒĝƟŏĪėőĬőĸĵňıĸńĚĚŅĬŐĸŃȮIoT ŒĬĝŋĴĝĬȮĽĶƟŅĚĨƟĬŐĭĭŒľƟĔĸŋƞĴŏĔļĨĶĔĶŀŊŗĬŏĔŇħŐĶĚěŌĚŒěŒĬĔŅĶ
ĮĶńĭĮĶŋĚĔĶŃĭĺĬĔŅĶįĸŇĨĕŀĚĨĬŏŀĚĨƞŀœĮȮ&ŏĔŇħĔŅĶĕĵŅĵįĸŒĬĺĚĔĺƟŅĚĕŀĚĚŅĬĺŇěńĵ'  

  ŒĬĔŅĶŀŀĔŐĭĭĶŃĭĭėĺĭėŋĴŐĸŃĨŇħĨŅĴįĸĔŅĶŀĭŐľƟĚȮįŌƟĺŇěńĵŏĬƟĬľĸńĔĔŅĶ ŴĚƞŅĵȮœĴƞ
ĞńĭĞƟŀĬȮŐĨƞĴňĮĶŃĽŇĪīŇĳŅıŐĸŃŏĽĩňĵĶŵ ĪńŘĚŒĬĽƞĺĬŁŅĶƢħŐĺĶƢŐĸŃĞŀĲĨƢŐĺĶƢȮĶŃĭĭĮĶŃĔŀĭħƟĺĵ
ĽƞĺĬĵƞŀĵĽņėńĠėŊŀȮ&1) ĽƞĺĬĨĶĺěĺńħȮ&sensing) ĽņľĶńĭĺńħėƞŅĨńĺŐĮĶĽĳŅıŐĺħĸƟŀĴ, (2) ĽƞĺĬ
ĮĶŃĴĺĸįĸŐĸŃėĺĭėŋĴȮ&control) ĪņľĬƟŅĪňŗĨńħĽŇĬŒěĽńŗĚĔŅĶŀŋĮĔĶĦƢ, (3) ĽƞĺĬŏĝŊŗŀĴĨƞŀŐĸŃĽŊŗŀĽŅĶ
ĕƟŀĴŌĸȮ&connectivity) ĽņľĶńĭĶńĭĽƞĚĕƟŀĴŌĸįƞŅĬŀŇĬŏĪŀĶƢŏĬŖĨ, ŐĸŃȮ&4) ĽƞĺĬŐĽħĚįĸŐĸŃěńħŏĔŖĭĕƟŀĴŌĸȮ
&user interface & cloud) ĽņľĶńĭŒľƟįŌƟŒĝƟĮĸŅĵĪŅĚŏĕƟŅĩŉĚĕƟŀĴŌĸŐĸŃėĺĭėŋĴĶŃĭĭěŅĔĶŃĵŃœĔĸ 

  ĳŅıĶĺĴĕŀĚĶŃĭĭĪňŗŀŀĔŐĭĭŐĽħĚŒĬĳŅıĪňŗȮ1,1 ĞŉŗĚŏĮƦĬŐįĬįńĚĔŅĶĪņĚŅĬĕŀĚ
ĶŃĭĭȮIoT ĽņľĶńĭėĺĭėŋĴőĶĚŀĭŐľƟĚȮőħĵĮĶŃĔŀĭħƟĺĵŀĚėƢĮĶŃĔŀĭĨƞŅĚŕȮŐĸŃĔŅĶŏĝŊŗŀĴőĵĚĶŃľĺƞŅĚ
ĔńĬȮœħƟŐĔƞȮŏĞŖĬŏĞŀĶƢ, œĴőėĶėŀĬőĪĶĸŏĸŀĶƢ, őĴħŌĸĽŊŗŀĽŅĶ, ıńħĸĴ, įŌƟŒĝƟ, ŐĸŃģŅĬĕƟŀĴŌĸėĸŅĺħƢ 
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  ěŅĔĳŅıĪňŗȮ3,1 ěŃŏľŖĬĺƞŅŏĞŖĬŏĞŀĶƢĺńħŀŋĦľĳŌĴŇ-ėĺŅĴĝŊŘĬěŃŏĝŊŗŀĴĨƞŀĔńĭ
œĴőėĶėŀĬőĪĶĸŏĸŀĶƢȮŏıŊŗŀĽƞĚĕƟŀĴŌĸĔŅĶĺńħŏĕƟŅœĮĶŃĭĭȮœĴőėĶėŀĬőĪĶĸŏĸŀĶƢĮĶŃĴĺĸįĸĕƟŀĴŌĸŐĸŃ
ĽńŗĚĚŅĬıńħĸĴĨŅĴŏĚŊŗŀĬœĕĪňŗĔņľĬħœĺƟȮĕĦŃŏħňĵĺĔńĬőĴħŌĸĽŊŗŀĽŅĶȮWi-Fi ĞŉŗĚŀĵŌƞĭĬœĴőėĶėŀĬőĪĶĸŏĸŀĶƢ
ěŃĽƞĚĕƟŀĴŌĸĕŉŘĬœĮĭńĬĪŉĔĭĬȮGoogle Sheets (ėĸŅĺħƢ'ȮŐĸŃĽƞĚĽńĠĠŅĦœĮĵńĚŐŀĮıĸŇŏėĝńĬȮBlynk ĭĬ
őĪĶĻńıĪƢĴŊŀĩŊŀĕŀĚįŌƟŒĝƟĚŅĬŏıŊŗŀŐĽħĚįĸŐĸŃĶńĭėņĽńŗĚėĺĭėŋĴȮįŌƟŒĝƟĚŅĬĽŅĴŅĶĩĨĶĺěĽŀĭĽĩŅĬŃŐĸŃ
ĽńŗĚĚŅĬıńħĸĴįƞŅĬȮBlynk œħƟĪŋĔĪňŗĪňŗĴňĔŅĶŏĝŊŗŀĴĨƞŀŀŇĬŏĪŀĶƢŏĬŖĨȮĔĶŃĭĺĬĔŅĶĪńŘĚľĴħĬňŘĪņĚŅĬŐĭĭ
ŀńĨőĬĴńĨŇŐĸŃĨƞŀŏĬŊŗŀĚȮĝƞĺĵĸħĳŅĶŃŒĬĔŅĶŏİƚŅĽńĚŏĔĨŐĸŃėĺĭėŋĴĕŀĚįŌƟĮĢŇĭńĨŇĚŅĬőħĵĨĶĚ 

3.2.2 ŀŋĮĔĶĦƢĽņľĶńĭĔŅĶĨŇħĨńŘĚĶŃĭĭėĺĭėŋĴĔŅĶŀĭŐľƟĚ 

  ŒĬĔŅĶĽĶƟŅĚĶŃĭĭĨƟĬŐĭĭȮįŌƟĺŇěńĵœħƟėńħŏĸŊŀĔŐĸŃěńħľŅŀŋĮĔĶĦƢĪńŘĚŁŅĶƢħŐĺĶƢŐĸŃ
ĞŀĲĨƢŐĺĶƢĪňŗĽŀħėĸƟŀĚĔńĭŐĬĺėŇħĔŅĶŀŀĔŐĭĭĕƟŅĚĨƟĬȮőħĵėņĬŉĚĩŉĚėĺŅĴĚƞŅĵŒĬĔŅĶŒĝƟĚŅĬȮėĺŅĴŐĴƞĬĵņȮ
ŐĸŃĨƟĬĪŋĬĪňŗĮĶŃľĵńħȮĶŅĵĔŅĶŀŋĮĔĶĦƢľĸńĔĪňŗŒĝƟŒĬĔŅĶĺŇěńĵĬňŘĮĶŃĔŀĭħƟĺĵȮ&ħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ1,/' 

1) ŏĞŖĬŏĞŀĶƢĺńħŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬ : ŒĝƟőĴħŌĸŏĞŖĬŏĞŀĶƢħŇěŇĪńĸȮDHT00Ȯ&ľĶŊŀĝĬŇħĪňŗĴň
ĮĶŃĽŇĪīŇĳŅıŏĪňĵĭŏĪƞŅ'ȮĨŇħĨńŘĚĳŅĵŒĬőĶĚŀĭŐľƟĚŏıŊŗŀĨĶĺěĺńħŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬĽńĴıńĪīƢŐĭĭ
ŏĶňĵĸœĪĴƢȮŏĞŖĬŏĞŀĶƢȮDHT00ȮŏĮƦĬŏĞŖĬŏĞŀĶƢĪňŗĴňėĺŅĴĸŃŏŀňĵħŐĸŃėĺŅĴŐĴƞĬĵņĽŌĚĽņľĶńĭĔŅĶĺńħŀŋĦľĳŌĴŇ

ĳŅıĪňŗȮ1,1ȮŐįĬįńĚőėĶĚĽĶƟŅĚĕŀĚĶŃĭĭėĺĭėŋĴőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢħƟĺĵœŀőŀĪň 
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ŐĸŃėĺŅĴĝŊŘĬŒĬĝƞĺĚĪňŗŏľĴŅŃĽĴĔńĭĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲȮėƞŅŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬĪňŗĺńħœħƟěŃĩŌĔĽƞĚŒľƟ
œĴőėĶėŀĬőĪĶĸŏĸŀĶƢĬņœĮĮĶŃĴĺĸįĸ 

2) ĭŀĶƢħœĴőėĶėŀĬőĪĶĸŏĸŀĶƢıĶƟŀĴőĴħŌĸȮWi-Fi : ŒĝƟĭŀĶƢħȮArduino (ıĶƟŀĴőĴħŌĸ
ėĺĭėŋĴĪňŗĴňȮWi-Fi ŒĬĨńĺȮŏĝƞĬȮESP32) ŏĮƦĬľĬƞĺĵĮĶŃĴĺĸįĸĔĸŅĚĕŀĚĶŃĭĭȮĪņľĬƟŅĪňŗŀƞŅĬėƞŅěŅĔ
ŏĞŖĬŏĞŀĶƢȮĮĶŃĴĺĸįĸĨŅĴőĮĶŐĔĶĴėĺĭėŋĴȮŐĸŃĽŊŗŀĽŅĶĕƟŀĴŌĸįƞŅĬȮWi-Fi œĮĵńĚŏėĶŊŀĕƞŅĵŀŇĬŏĪŀĶƢŏĬŖĨȮ
ESP32 ŏĸŊŀĔŒĝƟŏĬŊŗŀĚěŅĔĴňľĬƞĺĵĮĶŃĴĺĸįĸėĺŅĴŏĶŖĺĽŌĚ, ĴňŏĞŖĬŏĞŀĶƢȮWi-Fi/Bluetooth ŒĬĨńĺ, 
ľĬƞĺĵėĺŅĴěņŏıňĵĚıŀĽņľĶńĭőĮĶŐĔĶĴ, ŐĸŃĶŀĚĶńĭĔŅĶŏĕňĵĬőĮĶŐĔĶĴħƟĺĵȮArduino IDE (ĳŅļŅȮ
C/C++) œħƟĽŃħĺĔ 

3) ĺĚěĶŀŇĬŏĨŀĶƢŏĲĽŐĸŃŀŋĮĔĶĦƢĕńĭĔņĸńĚ : ŏĝƞĬ ĶňŏĸĵƢȮ&Relay Module) ĽņľĶńĭėĺĭėŋĴ
ĔŅĶŏĮƕħ-Įƕħ ıńħĸĴœĲĲƚŅ ĨŅĴĽńĠĠŅĦěŅĔœĴőėĶėŀĬőĪĶĸŏĸŀĶƢȮőħĵĶňŏĸĵƢěŃĨƞŀŏĕƟŅĔńĭıńħĸĴĶŃĭŅĵ
ŀŅĔŅĻĪňŗĨŇħĨńŘĚŒĬőĶĚŀĭŐľƟĚȮ&ıńħĸĴĕĬŅħŐĸŃĔņĸńĚĪňŗŏľĴŅŃĽĴĔńĭĕĬŅħőĶĚŀĭŐľƟĚȮŏıŊŗŀŒľƟŀńĨĶŅĔŅĶ
ĩƞŅĵŏĪŀŅĔŅĻŏıňĵĚıŀŒĬĔŅĶĸħėĺŅĴĝŊŘĬ' 

4) ŐľĸƞĚěƞŅĵœĲĲƚŅ ĽņľĶńĭŀŋĮĔĶĦƢĨƞŅĚŕȮŒĬĶŃĭĭ : ȮŏĝƞĬȮľĴƟŀŐĮĸĚ-ŐľĸƞĚěƞŅĵœĲȮ5V 
ĽņľĶńĭĭŀĶƢħœĴőėĶėŀĬőĪĶĸŏĸŀĶƢŐĸŃĺĚěĶŏĞŖĬŏĞŀĶƢ, ŐĸŃŐľĸƞĚěƞŅĵȮ220V ĽņľĶńĭıńħĸĴȮ&įƞŅĬ
ĶňŏĸĵƢ'ȮŐĸŃĶŃĭĭŒĝƟœĲĲƚŅĔĶŃŐĽĽĸńĭȮ220 őĺĸĨƢěŅĔĽŅĵœĲľĸńĔĕŀĚĽĩŅĬĪňŗĽņľĶńĭěƞŅĵıĸńĚĚŅĬŒľƟĔńĭ
ıńħĸĴŐĸŃŀŃŐħĮŏĨŀĶƢŐĮĸĚœĲŒľƟœĴőėĶėŀĬőĪĶĸŏĸŀĶƢȮ&ľŅĔĭĶŇŏĺĦĨŇħĨńŘĚœĴƞĴňœĲĲƚŅĭƟŅĬȮŀŅěŒĝƟŐįĚ
őĞĸŅĶƢŏĞĸĸƢĶƞĺĴĔńĭŐĭĨŏĨŀĶňŗĽņĶŀĚŒĬĔŅĶěƞŅĵœĲŒľƟĶŃĭĭȮĞŉŗĚŒĬĔĶĦňĬňŘľĬƞĺĵĚŅĬıĸńĚĚŅĬěńĚľĺńħœħƟěńħ
ŒľƟĴňœĲĲƚŅŒĝƟĚŅĬȮěŉĚŒĝƟœĲĭƟŅĬŏĮƦĬľĸńĔ' 

5) ĞŀĲĨƢŐĺĶƢŐıĸĨĲŀĶƢĴȮBlynk  : ĽņľĶńĭŒĝƟĽĶƟŅĚŀŇĬŏĪŀĶƢŏĲĞįŌƟŒĝƟĭĬĽĴŅĶƢĪőĲĬȮŏıŊŗŀ
ŐĽħĚįĸĕƟŀĴŌĸŏĞŖĬŏĞŀĶƢŐĭĭŏĶňĵĸœĪĴƢŐĸŃĶńĭėņĽńŗĚėĺĭėŋĴěŅĔįŌƟŒĝƟȮĭńĠĝňȮBlynk ŐĸŃŐŀĮıĸŇŏėĝńĬĭĬ
ĴŊŀĩŊŀĩŌĔĨńŘĚėƞŅŒľƟŏĝŊŗŀĴĨƞŀĔńĭĭŀĶƢħȮESP32 ĕŀĚĶŃĭĭĬňŘ 

6) ĭĶŇĔŅĶȮGoogle Sheets (Google Cloud) ŐĸŃĽėĶŇĮĨƢȮGoogle Apps Script  :  
ĽņľĶńĭŒĝƟĭńĬĪŉĔĕƟŀĴŌĸėƞŅĨńĺŐĮĶĪňŗŀƞŅĬœħƟěŅĔŏĞŖĬŏĞŀĶƢŒĬĶŌĮŐĭĭĨŅĶŅĚȮ&Spreadsheet) ĭĬėĸŅĺħƢȮ
ĶŃĭĭěŃĽƞĚėƞŅŀŋĦľĳŌĴŇȮėĺŅĴĝŊŘĬȮŐĸŃĽĩŅĬŃıńħĸĴĕŉŘĬœĮĵńĚĝňĨőħĵŀńĨőĬĴńĨŇĨŅĴĝƞĺĚŏĺĸŅĪňŗĔņľĬħȮ
ŏıŊŗŀŒľƟœħƟĝŋħĕƟŀĴŌĸĽņľĶńĭĔŅĶĺŇŏėĶŅŃľƢĳŅĵľĸńĚ 

7) ŏėĶŊŗŀĚĴŊŀŐĸŃŀŋĮĔĶĦƢŏĽĶŇĴŀŊŗĬŕ  :  ŏĝƞĬȮĽŅĵœĲȮĽŅĵĽńĠĠŅĦ, őĴħŌĸŐĮĸĚĶŃħńĭ
ŐĶĚħńĬȮ&ĩƟŅěņŏĮƦĬĽņľĶńĭŏĞŖĬŏĞŀĶƢĭŅĚĮĶŃŏĳĪ', őėĶĚĵŉħŏĞŖĬŏĞŀĶƢŐĸŃıńħĸĴŒĬőĶĚŀĭŐľƟĚ, 
ėŀĴıŇĺŏĨŀĶƢĽņľĶńĭıńĥĬŅőĮĶŐĔĶĴȮŐĸŃŏėĶŊŗŀĚĴŊŀĝƞŅĚıŊŘĬģŅĬĽņľĶńĭĔŅĶĨŇħĨńŘĚŀŋĮĔĶĦƢ 
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ĨŅĶŅĚĪňŗȮ1,/ȮŐĽħĚĶŅĵĸŃŏŀňĵħĶŅĵĔŅĶŀŋĮĔĶĦƢŁŅĶƢħŐĺĶƢľĸńĔĪňŗŒĝƟ 

ĸņħńĭ ĶŅĵĔŅĶ ėŋĦĸńĔļĦŃ ľĬƟŅĪňŗ 
1 ĭŀĶƢħœĴőėĶėŀĬőĪĶĸŏĸŀĶƢȮ

Tiny32 
ĭŀĶƢħȮESP32 ĕĬŅħŏĸŖĔȮ
ĶŀĚĶńĭȮWi-Fi, Bluetooth, 
Dual-core 

ėĺĭėŋĴĶŃĭĭȮIoT 
ĪńŘĚľĴħ 

2 ŀŋĮĔĶĦƢĺńħœĲĲƚŅĔĶŃŐĽĽĸńĭȮ 
PZEM-016 (AC meter) 

ĺńħŐĶĚħńĬ, ĔĶŃŐĽ, 
ĔņĸńĚœĲĲƚŅ, ėĺŅĴĩňŗ, ıĸńĚĚŅĬ
ĽŃĽĴ 

ĺńħŐĸŃĽƞĚĕƟŀĴŌĸ
ıĸńĚĚŅĬœĲĲƚŅ 

3 Sensor ĺńħŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬȮ
WTR10-E 

ĺńħŀŋĦľĳŌĴŇȮ+40 ĩŉĚȮ125°C, 
ėĺŅĴĝŊŘĬȮ0-100% RH, 
RS485 

ĺńħŀŋĦľĳŌĴŇŐĸŃ
ėĺŅĴĝŊŘĬ 
ĳŅĵŒĬŐĸŃĳŅĵĬŀĔ
őĶĚŀĭŐľƟĚ 
  

4 Radiation Shield/Housing  
ĽņľĶńĭȮWTR10-E 

őėĶĚĽĶƟŅĚľĸŅĵĝńŘĬȮĮƚŀĚĔńĬ
ŐĽĚŐħħŐĸŃİĬ 

ĝƞĺĵŒľƟĔŅĶĺńħ
ŀŋĦľĳŌĴŇĴňėĺŅĴ
ŐĴƞĬĵņ 

5 Switching 5V 3A ŐĮĸĚœĲȮAC ŏĮƦĬȮDC 5V 
ĔĶŃŐĽĽŌĚĽŋħȮ3A 

ěƞŅĵœĲŒľƟĔńĭĭŀĶƢħ
ėĺĭėŋĴŐĸŃŏĞĬŏĞŀĶƢ 

6 Switching 12V 5A ŐĮĸĚœĲȮAC ŏĮƦĬȮDC 12V 
ĔĶŃŐĽĽŌĚĽŋħȮ5A 

ěƞŅĵœĲŒľƟĔńĭŀŋĮĔĶĦƢ
őľĸħȮ12V 

7 Solid State Relay AC ėĺĭėŋĴőľĸħȮAC ħƟĺĵ
ĽńĠĠŅĦȮDC, œĴƞĴňĝŇŘĬĽƞĺĬ
ŏėĸŊŗŀĬœľĺ 

ėĺĭėŋĴŏĮƕħ+ĮƕħőľĸħȮ
AC ěŅĔĭŀĶƢħ
ėĺĭėŋĴ 

8 Breaker ĵňŗľƟŀȮPhilips ĨńħĺĚěĶŏĴŊŗŀĴňĔĶŃŐĽŏĔŇĬľĶŊŀ
ĸńħĺĚěĶ 

ĮƚŀĚĔńĬėĺŅĴŏĽňĵľŅĵ
ěŅĔœĲŏĔŇĬ 

7 ĨńĺĕĵŅĵĽńĠĠŅĦȮWiFi  
TP-Link RE450 AC1750 
Repeater 

Access Point Ȯ 
ĶŀĚĶńĭ 0,2GHz - 3GHz, 
EthernetȮPort 
ŏĽŅŀŅĔŅĻĮĶńĭœħƟ 

ĕĵŅĵĽńĠĠŅĦ
ŀŇĬŏĪŀĶƢŏĬŖĨ 
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 ŏĴŊŗŀŀŀĔŐĭĭŏĸŊŀĔŀŋĮĔĶĦƢėĶĭĩƟĺĬȮįŌƟĺŇěńĵœħƟŏĨĶňĵĴŀŋĮĔĶĦƢĪńŘĚľĴħŏıŊŗŀŏĕƟŅĽŌƞĕńŘĬĨŀĬĔŅĶ
ıńĥĬŅőĮĶŐĔĶĴėĺĭėŋĴŐĸŃĔŅĶĮĶŃĔŀĭĨŇħĨńŘĚĨŅĴĸņħńĭĕńŘĬĨŀĬĩńħœĮ 

3.3 ĔŅĶıńĥĬŅőĮĶŐĔĶĴėĺĭėŋĴĶŃĭĭŀĭŐľƟĚ 

 įŌƟĺŇěńĵœħƟıńĥĬŅőĮĶŐĔĶĴĽņľĶńĭėĺĭėŋĴĔŅĶĪņĚŅĬĕŀĚĶŃĭĭȮIoT ĨŅĴŐĬĺėŇħĪňŗŀŀĔŐĭĭœĺƟȮ
őħĵĔŅĶŏĕňĵĬőĮĶŐĔĶĴėĶńŘĚĬňŘŒĝƟĳŅļŅĞňȮ&C/C++) įƞŅĬŐıĸĨĲŀĶƢĴȮArduino IDEȮŏĬŊŗŀĚěŅĔĭŀĶƢħȮ
ESP32 ĪňŗŒĝƟĽŅĴŅĶĩıńĥĬŅőħĵŏėĶŊŗŀĚĴŊŀĬňŘœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıȮĔƞŀĬĸĚĴŊŀŏĕňĵĬőėƟħȮįŌƟĺŇěńĵœħƟěńħĪņ 
įńĚĚŅĬȮ&Flowchart) ŏıŊŗŀĔņľĬħĸņħńĭĕńŘĬĨŀĬĔŅĶĪņĚŅĬĕŀĚőĮĶŐĔĶĴŀĵƞŅĚĝńħŏěĬȮĸħėĺŅĴ
įŇħıĸŅħŐĸŃĝƞĺĵŒľƟĴŀĚĳŅıĶĺĴĔŅĶĪņĚŅĬĕŀĚĶŃĭĭœħƟĚƞŅĵĕŉŘĬȮįńĚĚŅĬĔŅĶĪņĚŅĬĕŀĚőĮĶŐĔĶĴ
ŐĽħĚħńĚĳŅıĪňŗȮ3,2 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ĳŅıĪňŗȮ1,2 įńĚĚŅĬĕŀĚőĮĶŐĔĶĴėĺĭėŋĴĶŃĭĭ 
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 ěŅĔĳŅıĪňŗȮ1,2ȮįńĚĚŅĬĔŅĶĪņĚŅĬĕŀĚőĮĶŐĔĶĴėĺĭėŋĴĶŃĭĭŏĶŇŗĴĨƟĬěŅĔėņĽńŗĚ Start ŏıŊŗŀŏĶŇŗĴ
ĔĶŃĭĺĬĔŅĶĪņĚŅĬȮěŅĔĬńŘĬŏĕƟŅĽŌƞĕńŘĬĨŀĬ Setup ŏıŊŗŀĔņľĬħėƞŅıŊŘĬģŅĬȮŏĝƞĬȮĔŅĶĨńŘĚėƞŅŏĞŖĬŏĞŀĶƢŐĸŃ
ŀŋĮĔĶĦƢŏĝŊŗŀĴĨƞŀȮĔƞŀĬŏĕƟŅĽŌƞĕńŘĬĨŀĬĨĶĺěĽŀĭĔŅĶŏĝŊŗŀĴĨƞŀŀŇĬŏĪŀĶƢŏĬŖĨȮ&Connect to Internet) ĞŉŗĚ
ľŅĔŏĝŊŗŀĴĨƞŀĽņŏĶŖěȮĶŃĭĭěŃħņŏĬŇĬĔŅĶĨƞŀȮŐĨƞľŅĔĸƟĴŏľĸĺěŃĵƟŀĬĔĸńĭœĮĨńŘĚėƞŅŒľĴƞȮŏĴŊŗŀŏĝŊŗŀĴĨƞŀœħƟ
ŐĸƟĺȮĶŃĭĭěŃĪņĔŅĶĺńħėƞŅėĺŅĴĝŊŘĬěŅĔŏĞŖĬŏĞŀĶƢȮH0 (Measure Humidity Sensor) ŐĸŃĮĶŃĴĺĸįĸ
őħĵŏĮĶňĵĭŏĪňĵĭėƞŅĪňŗœħƟĔńĭŏĔĦĤƢĪňŗĨńŘĚœĺƟȮľŅĔėƞŅėĺŅĴĝŊŘĬĽŌĚĔĺƞŅėƞŅĭĬȮ&Upper H) ěŃĽńŗĚŏĮƕħıńħĸĴȮ
&Turn Fan ON) ŐĨƞľŅĔĨŗņĔĺƞŅėƞŅĸƞŅĚȮ&Lower H) ěŃĽńŗĚĮƕħıńħĸĴȮ&Turn Fan OFF) ŏıŊŗŀėĺĭėŋĴ
ėĺŅĴĝŊŘĬŒľƟŀĵŌƞŒĬĝƞĺĚĪňŗŏľĴŅŃĽĴȮĕƟŀĴŌĸĪňŗĺńħœħƟŐĸŃĽĩŅĬŃĔŅĶĪņĚŅĬěŃĩŌĔŐĽħĚįĸįƞŅĬŐŀĮıĸŇŏėĝńĬȮ
&Display on Application) ŐĸŃĩŌĔĭńĬĪŉĔĸĚŒĬȮGoogle SheetsȮŏıŊŗŀŒĝƟŒĬĔŅĶĨŇħĨŅĴŐĸŃĺŇŏėĶŅŃľƢ
įĸŒĬŀĬŅėĨȮĽŋħĪƟŅĵȮőĮĶŐĔĶĴěŃĺĬĔĸńĭœĮĪņĔŅĶĺńħėƞŅėĺŅĴĝŊŘĬŒľĴƞŀňĔėĶńŘĚŒĬĶŌĮŐĭĭȮLoop 
ŏıŊŗŀŒľƟĶŃĭĭĪņĚŅĬŀĵƞŅĚĨƞŀŏĬŊŗŀĚĨĸŀħŏĺĸŅ, 

 ľĸńĔĔŅĶĪņĚŅĬőħĵĽĶŋĮĕŀĚĶŃĭĭĪňŗŀŀĔŐĭĭȮėŊŀȮŏĞŖĬŏĞŀĶƢĳŅĵŒĬőĶĚŀĭŐľƟĚěŃĨĶĺěĺńħėƞŅ
ėĺŅĴĝŊŘĬȮ&ŐĸŃŀŋĦľĳŌĴŇ'ȮŒĬŀŅĔŅĻŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮœĴőėĶėŀĬőĪĶĸŏĸŀĶƢěŃŀƞŅĬėƞŅěŅĔŏĞŖĬŏĞŀĶƢŏĮƦĬ
ĶŃĵŃȮŐĸŃŏĮĶňĵĭŏĪňĵĭĔńĭ ėƞŅĪňŗĨńŘĚœĺƟ (ŏĝƞĬȮĶŃħńĭėĺŅĴĝŊŘĬĪňŗŏľĴŅŃĽĴĽņľĶńĭĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲ'Ȯ
ľŅĔėĺŅĴĝŊŘĬĳŅĵŒĬĽŌĚŏĔŇĬĔĺƞŅėƞŅĔņľĬħĭĬȮ&Upper limit) ĶŃĭĭěŃĽńŗĚŒľƟ ıńħĸĴĶŃĭŅĵŀŅĔŅĻ 
ĪņĚŅĬőħĵĪńĬĪňȮŏıŊŗŀĶŃĭŅĵėĺŅĴĝŊŘĬŀŀĔěŅĔőĶĚŀĭŐľƟĚȮŐĨƞľŅĔėĺŅĴĝŊŘĬĸħĸĚĨŗņĔĺƞŅėƞŅĔņľĬħĸƞŅĚȮ
&Lower limit) ĶŃĭĭěŃĽńŗĚŒľƟıńħĸĴľĵŋħĪņĚŅĬȮĔŅĶėĺĭėŋĴŐĭĭĺĚĶŀĭĮƚŀĬĔĸńĭŏĝƞĬĬňŘĪņŒľƟėĺŅĴĝŊŘĬ
ĳŅĵŒĬĩŌĔėĺĭėŋĴŒľƟŀĵŌƞŒĬĝƞĺĚĪňŗĨƟŀĚĔŅĶĨĸŀħŏĺĸŅȮŒĬĕĦŃŏħňĵĺĔńĬȮœĴőėĶėŀĬőĪĶĸŏĸŀĶƢěŃĽƞĚĕƟŀ
ĴŌĸėƞŅėĺŅĴĝŊŘĬȮŀŋĦľĳŌĴŇȮŐĸŃĽĩŅĬŃĔŅĶĪņĚŅĬĕŀĚıńħĸĴĕŉŘĬœĮŏĔŖĭĭĬģŅĬĕƟŀĴŌĸėĸŅĺħƢĨŅĴĝƞĺĚŏĺĸŅ
ĪňŗĔņľĬħȮ&ŏĝƞĬȮĪŋĔŕȮ5 ĬŅĪň'ȮŏıŊŗŀŒľƟĽŅĴŅĶĩ ĨŇħĨŅĴĕƟŀĴŌĸĵƟŀĬľĸńĚ ŐĸŃĺŇŏėĶŅŃľƢĮĶŃĽŇĪīŇĳŅıĔŅĶ
ŀĭŐľƟĚœħƟȮĬŀĔěŅĔĬňŘȮĶŃĭĭĩŌĔŀŀĔŐĭĭŒľƟįŌƟŒĝƟĽŅĴŅĶĩŏĕƟŅĩŉĚįƞŅĬŏėĶŊŀĕƞŅĵŀŇĬŏĪŀĶƢŏĬŖĨȮőħĵĴňŐŀĮ
ıĸŇŏėĝńĬĭĬĽĴŅĶƢĪőĲĬŏĮƦĬĽƞĺĬŐĽħĚįĸŐĸŃĽńŗĚĔŅĶȮįŌƟŒĝƟĚŅĬĽŅĴŅĶĩĨĶĺěĽŀĭėƞŅėĺŅĴĝŊŘĬŐĸŃ
ŀŋĦľĳŌĴŇŐĭĭŏĶňĵĸœĪĴƢįƞŅĬŐŀĮȮĶĺĴĪńŘĚĽŅĴŅĶĩĽńŗĚŏĮƕħ-ĮƕħıńħĸĴĶŃĭŅĵŀŅĔŅĻŏŀĚœħƟĪŋĔŏĺĸŅĪňŗ
ĨƟŀĚĔŅĶȮĔĶĦňĨƟŀĚĔŅĶėĺĭėŋĴŏŀĚľĶŊŀŏĔŇħŏľĨŋĜŋĔŏĜŇĬ 
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3.4 ĔŅĶĨŇħĨńŘĚŐĸŃĪħĽŀĭĔŅĶĪņĚŅĬĕŀĚĶŃĭĭ 
 ŏĴŊŗŀıńĥĬŅőĮĶŐĔĶĴŐĸŃŏĨĶňĵĴŀŋĮĔĶĦƢıĶƟŀĴŐĸƟĺȮįŌƟĺŇěńĵœħƟĬņĶŃĭĭĨƟĬŐĭĭœĮĨŇħĨńŘĚŒĬ őĶĚ
ŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĕŀĚĔĸŋƞĴĺŇĽŅľĔŇěĝŋĴĝĬĔŅŐĲĶńļġŅ ŏıŊŗŀĪħĽŀĭĔŅĶĪņĚŅĬěĶŇĚȮĦȮ
ĽĳŅıŐĺħĸƟŀĴľĬƟŅĚŅĬȮĕńŘĬĨŀĬĔŅĶĨŇħĨńŘĚŏĶŇŗĴěŅĔĔŅĶěńħĺŅĚŀŋĮĔĶĦƢĨƞŅĚŕȮŒĬĨņŐľĬƞĚĪňŗŏľĴŅŃĽĴ
ĳŅĵŒĬőĶĚŀĭŐľƟĚȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ1,3 őħĵŏĞŖĬŏĞŀĶƢĺńħŀŋĦľĳŌĴŇ-ėĺŅĴĝŊŘĬĩŌĔĨŇħĨńŘĚœĺƟĭĶŇŏĺĦŒěĔĸŅĚ
őĶĚŏĶŊŀĬŒĔĸƟĔńĭĶŃħńĭĕŀĚįĸŇĨĳńĦĤƢĪňŗĨŅĔŀĵŌƞȮŏıŊŗŀŒľƟœħƟėƞŅĪňŗŏĮƦĬĨńĺŐĪĬĽĳŅıŐĺħĸƟŀĴĔŅĶŀĭŐľƟĚěĶŇĚȮ
ĭŀĶƢħėĺĭėŋĴȮ&ESP32 ıĶƟŀĴĺĚěĶĶňŏĸĵƢ'ȮĩŌĔĨŇħĨńŘĚŒĬĔĸƞŀĚĔńĬėĺŅĴĝŊŘĬŐĸŃĵŉħœĺƟħƟŅĬĕƟŅĚĕŀĚ
őėĶĚĽĶƟŅĚőĶĚŀĭŐľƟĚȮĴňĔŅĶŏħŇĬĽŅĵœĲěŅĔŏĞŖĬŏĞŀĶƢĴŅĵńĚĭŀĶƢħėĺĭėŋĴȮŐĸŃĨƞŀĽŅĵěŅĔĭŀĶƢħėĺĭėŋĴ
œĮĵńĚıńħĸĴĶŃĭŅĵŀŅĔŅĻĪňŗĨŇħĨńŘĚĭĬįĬńĚľĶŊŀľĸńĚėŅĕŀĚőĶĚŀĭŐľƟĚȮ&ĨņŐľĬƞĚĪňŗĽŅĴŅĶĩħŉĚŀŅĔŅĻĝŊŘĬ
ŀŀĔœħƟħň'ȮĽņľĶńĭıńħĸĴĪňŗŒĝƟȮŏĮƦĬıńħĸĴœĲĲƚŅĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĮĶŃĴŅĦȮ12 ĬŇŘĺȮĨŇħĨńŘĚœĺƟĪňŗĝƞŀĚ
ĶŃĭŅĵŀŅĔŅĻħƟŅĬĭĬĕŀĚőĶĚŏĶŊŀĬȮŏıŊŗŀĝƞĺĵħŌħŀŅĔŅĻĝŊŘĬŀŀĔĳŅĵĬŀĔŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅı 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ĳŅıĪňŗȮ1,3ȮĨņŐľĬƞĚĔŅĶĨŇħĨńŘĚŀŋĮĔĶĦƢĕŀĚĶŃĭĭėĺĭėŋĴőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢ 



67 

 

 

 ľĸńĚĔŅĶĨŇħĨńŘĚŁŅĶƢħŐĺĶƢȮįŌƟĺŇěńĵěŃĪņĔŅĶĪħĽŀĭĶŃĭĭŒĬĽĩŅĬĪňŗěĶŇĚŏıŊŗŀĵŊĬĵńĬĺƞŅĪŋĔ

ŀĚėƢĮĶŃĔŀĭĪņĚŅĬĮĶŃĽŅĬĔńĬĩŌĔĨƟŀĚȮŏĶŇŗĴěŅĔĨĶĺěĽŀĭĔŅĶŏĝŊŗŀĴĨƞŀŏėĶŊŀĕƞŅĵőħĵŏĮƕħĶŃĭĭŒľƟ

œĴőėĶėŀĬőĪĶĸŏĸŀĶƢŏĝŊŗŀĴĨƞŀȮWi-Fi ĕŀĚıŊŘĬĪňŗȮ&ŏĝƞĬȮŁŀĨĽĮŀĨěŅĔĴŊŀĩŊŀľĶŊŀŏėĶŊŀĕƞŅĵŀŇĬŏĪŀĶƢŏĬŖĨ

ĝŋĴĝĬ'ȮěŅĔĬńŘĬŏĮƕħŐŀĮıĸŇŏėĝńĬ Blynk ĭĬĽĴŅĶƢĪőĲĬŏıŊŗŀĨĶĺěĽŀĭĔŅĶŏĝŊŗŀĴĨƞŀȮıĭĺƞŅŐŀĮĽŅĴŅ

ĶĩŀŀĬœĸĬƢŐĸŃŐĽħĚėƞŅěŅĔŏĞŖĬŏĞŀĶƢœħƟŒĬĪńĬĪňȮľĬƟŅěŀŒĬŐŀĮȮBlynk (ħńĚŐĽħĚŒĬĳŅıĪňŗȮ1,4) ȮȮȮȮȮȮ

ěŃŐĽħĚėƞŅėĺŅĴĝŊŘĬĽńĴıńĪīƢĳŅĵŒĬőĶĚŀĭŐľƟĚŐĭĭŏĶňĵĸœĪĴƢįƞŅĬȮWidget ĕŀĚŏĔěĺńħȮ&Gauge) ŐĸŃ

ŐĽħĚėƞŅŀŋĦľĳŌĴŇįƞŅĬľĬƟŅěŀŏĸĕħŇěŇĪńĸȮĬŀĔěŅĔĬňŘȮĵńĚĴňĮŋƙĴĽĺŇĪĝƢĽņľĶńĭŏĮƕħ-ĮƕħıńħĸĴĪňŗįŌƟŒĝƟĽŅĴŅĶĩ

ĔħĽńŗĚĚŅĬœħƟȮőħĵŒĬőľĴħĮĔĨŇĶŃĭĭěŃėĺĭėŋĴıńħĸĴŏŀĚŀńĨőĬĴńĨŇĨŅĴėƞŅėĺŅĴĝŊŘĬȮŐĨƞįŌƟŒĝƟĽŅĴŅĶĩ

ĪħĸŀĚĽńŗĚĚŅĬŏŀĚŏıŊŗŀĪħĽŀĭĔŅĶĨŀĭĽĬŀĚĕŀĚĶŃĭĭȮĞŉŗĚěŅĔĔŅĶĪħĸŀĚıĭĺƞŅŏĴŊŗŀĔħĮŋƙĴ ŴD?LȮ

MLŵȮŒĬŐŀĮȮıńħĸĴĪňŗĨŇħĨńŘĚŒĬőĶĚŀĭŐľƟĚĔŖĪņĚŅĬĪńĬĪňȮŐĸŃŏĴŊŗŀĔħ ŴD?LȮMDDŵȮıńħĸĴĔŖľĵŋħľĴŋĬȮ

ĽŃĪƟŀĬĺƞŅĔŅĶĽŊŗŀĽŅĶĶŃľĺƞŅĚŐŀĮĔńĭŀŋĮĔĶĦƢįƞŅĬŏĞŇĶƢĲŏĺŀĶƢȮBlynk ĬńŘĬĪņĚŅĬĩŌĔĨƟŀĚ 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ĳŅıĪňŗȮ3.6ȮĨńĺŀĵƞŅĚĔŅĶŐĽħĚįĸŐĸŃėĺĭėŋĴĶŃĭĭĕŀĚŐŀĮıĸŇŏėĝńĬȮBlynk ĭĬĽĴŅĶƢĪőĲĬ 
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 ĩńħĴŅȮįŌƟĺŇěńĵěŃĨĶĺěĽŀĭĔŅĶĭńĬĪŉĔĕƟŀĴŌĸĭĬĶŃĭĭėĸŅĺħƢȮőħĵŏĮƕħħŌĽŏĮĶħĝňĨĭĬ Google 

Sheets ĪňŗŏĝŊŗŀĴĨƞŀĔńĭĶŃĭĭ (ħńĚŐĽħĚŒĬ ĳŅıĪňŗȮ1,5)ȮŒľƟĶŃĭĭĽŅĴŅĶĩĭńĬĪŉĔĕƟŀĴŌĸėƞŅėĺŅĴĝŊŘĬŐĸŃ

ŀŋĦľĳŌĴŇĪňŗĺńħœħƟĸĚŒĬĨŅĶŅĚ ıĶƟŀĴĶŃĭŋĺńĬĪňŗ+ŏĺĸŅ ĪňŗĭńĬĪŉĔȮŐĨƞĸŃŐĩĺĕŀĚĽŏĮĶħĝňĨěŃŐĽħĚĕƟŀĴŌĸ

ĝƞĺĚŏĺĸŅĔŅĶŀĭŐľƟĚȮŏĝƞĬȮėŀĸńĴĬƢŏĺĸŅȮ&Timestamp), ėƞŅŀŋĦľĳŌĴŇȮ&°C), ėƞŅėĺŅĴĝŊŘĬĽńĴıńĪīƢȮ&#'Ȯ

ŐĸŃĽĩŅĬŃıńħĸĴȮ&ON/OFF) įĸĔŅĶĨĶĺěĽŀĭĵŊĬĵńĬĺƞŅĕƟŀĴŌĸĩŌĔĭńĬĪŉĔĪŋĔŕȮ10 ĬŅĪňĨŅĴĪňŗĔņľĬħ

œĺƟȮŐĸŃœĴƞĴňĕƟŀĴŌĸĽŌĠľŅĵȮĶŃĭĭŏėĶŊŀĕƞŅĵĴňėĺŅĴŏĽĩňĵĶŏıňĵĚıŀŒĬĔŅĶĽƞĚĕƟŀĴŌĸŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮĽĶŋĮœħƟ

ĺƞŅĲƤĚĔƢĝńĬĔŅĶĨŇħĨŅĴŐĸŃĭńĬĪŉĔĕƟŀĴŌĸĶŃĵŃœĔĸĕŀĚĶŃĭĭĪņĚŅĬŏĮƦĬĪňŗĬƞŅıŀŒě 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ľĸńĚĔŅĶĪħĽŀĭĔŅĶĪņĚŅĬıŊŘĬģŅĬħńĚĔĸƞŅĺȮįŌƟĺŇěńĵěŃĪņĔŅĶĪħĸŀĚŀĭŐľƟĚŏĴĸŖħĔŅŐĲěĶŇĚ

őħĵŒĝƟĶŃĭĭĪňŗıńĥĬŅĕŉŘĬȮŏıŊŗŀĮĶŃŏĴŇĬĮĶŃĽŇĪīŇĳŅıĕŀĚĶŃĭĭŒĬĔŅĶĮĢŇĭńĨŇĚŅĬĶŃĵŃĵŅĺȮőħĵĬņŏĴĸŖħ

ĔŅŐĲĪňŗįƞŅĬĔŅĶľĴńĔĨŅĴĔĶĶĴĺŇīňŏĮƖĵĔĴŅĭĶĶěŋŒĬĩŅħĨŅĔŐĸŃĺŅĚŒĬőĶĚŀĭŐľƟĚħńĚĔĸƞŅĺȮŏĮƕħĶŃĭĭȮ

IoT ŒľƟĪņĚŅĬĨĸŀħĶŃĵŃŏĺĸŅĔŅĶŀĭŐľƟĚȮŐĸŃŏİƚŅĽńĚŏĔĨĔŅĶĪņĚŅĬıĶƟŀĴĪńŘĚĭńĬĪŉĔŏľĨŋĔŅĶĦƢĽņėńĠȮ

ŏĝƞĬȮŏĺĸŅĪňŗıńħĸĴĪņĚŅĬ-ľĵŋħ, ėƞŅėĺŅĴĝŊŘĬĪňŗŀƞŅĬœħƟŐĨƞĸŃĝƞĺĚĺńĬ, ĶĺĴĩŉĚĨĶĺěĽŀĭėŋĦĳŅıĕŀĚŏĴĸŖħ

ĔŅŐĲŏĮƦĬĶŃĵŃŕȮĔŅĶĪħĽŀĭĬňŘħņŏĬŇĬĔŅĶŏĮƦĬŏĺĸŅȮ2-3 ĽńĮħŅľƢȮ&ěĬŏĴĸŖħĔŅŐĲŐľƟĚœħƟĪňŗ'ȮĞŉŗĚĶŃľĺƞŅĚ

ĬńŘĬĶŃĭĭĽŅĴŅĶĩĪņĚŅĬœħƟĨƞŀŏĬŊŗŀĚȮœĴƞĴňĔŅĶĕńħĕƟŀĚĕŀĚŀŋĮĔĶĦƢŀŇŏĸŖĔĪĶŀĬŇĔĽƢȮėĺŅĴĝŊŘĬĳŅĵŒĬőĶĚ

ĳŅıĪňŗȮ1,5ȮĔŅĶĨĶĺěĽŀĭĔŅĶĭńĬĪŉĔĕƟŀĴŌĸĭĬĶŃĭĭėĸŅĺħƢ 
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ŀĭŐľƟĚĩŌĔėĺĭėŋĴŒľƟŀĵŌƞŒĬĶŃħńĭœĴƞŏĔŇĬȮ/0% ĨŅĴŏĮƚŅľĴŅĵėĺŅĴĝŊŘĬĪňŗœħƟĨńŘĚœĺƟĨŅĴŏĔĦĤƢĴŅĨĶģŅĬ

ĕŀĚŏĴĸŖħĔŅŐĲŐľƟĚĪňŗœħƟĻŉĔļŅĴŅȮĪňŗěŃĝƞĺĵŒľƟŏĴĸŖħĔŅŐĲœĴƞŏĔŇħŏĝŊŘŀĶŅŐĸŃĴňįĸĨƞŀėŋĦĳŅıĕŀĚĔŅŐĲ 

1,5ȮĔŅĶŏĔŖĭĕƟŀĴŌĸŐĸŃĺŇŏėĶŅŃľƢįĸĔŅĶĨŇħĨńŘĚĶŃĭĭ 
 1,5,/ȮĔŅĶŏĔŖĭĕƟŀĴŌĸĔĶŃĭĺĬĔŅĶįĸŇĨȮ&ŐįĬĳŌĴŇĔĶŃĭĺĬĔŅĶœľĸ'Ȯ 

  įŌƟĺŇěńĵœħƟĪņĔŅĶĽńĚŏĔĨŐĸŃĭńĬĪŉĔĔŇěĔĶĶĴĔŅĶĪņĚŅĬŒĬĔĶŃĭĺĬĔŅĶŀĭŐľƟĚŏĴĸŖħ

ĔŅŐĲĕŀĚĔĸŋƞĴĺŇĽŅľĔŇěľĸńĚĔŅĶĨŇħĨńŘĚĶŃĭĭĪňŗĮĶńĭĮĶŋĚőħĵŒĝƟȮŐįĬĳŌĴŇĔĶŃĭĺĬĔŅĶœľĸȮ&Flow 

Process Chart) ŏĮƦĬŏėĶŊŗŀĚĴŊŀŒĬĔŅĶĭńĬĪŉĔȮĕńŘĬĨŀĬĬňŘĮĶŃĔŀĭħƟĺĵĔŅĶěħĭńĬĪŉĔĪŋĔĔŇěĔĶĶĴĪňŗ

įŌƟĮĢŇĭńĨŇĚŅĬħņŏĬŇĬĔŅĶĨńŘĚŐĨƞŏĶŇŗĴĔĶŃĭĺĬĔŅĶȮįĸĪňŗœħƟėŊŀĔŅĶĬņĕƟŀĴŌĸĪńŘĚľĴħĴŅŏĕňĵĬŏĮƦĬŐįĬĳŌĴŇ

ĔĶŃĭĺĬĔŅĶœľĸȮĞŉŗĚŐĽħĚĸņħńĭĔŇěĔĶĶĴȮŐĸŃŏĺĸŅĶĺĴĕŀĚŐĨƞĸŃĔŇěĔĶĶĴȮĨĸŀħěĬŏĺĸŅĶĺĴĕŀĚĪńŘĚ

ĔĶŃĭĺĬĔŅĶĪňŗŒĝƟľĸńĚĔŅĶĮĶńĭĮĶŋĚĶŃĭĭ 

 1,5,0ȮĔŅĶĺŇŏėĶŅŃľƢĔĶŃĭĺĬĔŅĶįĸŇĨȮ 

  ŏĴŊŗŀŏĔŖĭĭńĬĪŉĔĕƟŀĴŌĸėĶĭĩƟĺĬĨŅĴĪňŗĔņľĬħȮĕƟŀĴŌĸėĺŅĴĝŊŘĬŐĸŃŀŋĦľĳŌĴŇĪňŗŏĞŖĬŏĞŀĶƢ

ŏĔŖĭĕƟŀĴŌĸœħƟŐĸŃĭńĬĪŉĔĸĚŒĬȮGoogle Sheets ĔŖĩŌĔĬņĴŅĽĶƟŅĚĔĶŅĲŐĽħĚŐĬĺőĬƟĴĕŀĚŀŋĦľĳŌĴŇŐĸŃ

ėĺŅĴĝŊŘĬȮŏıŊŗŀĺŇŏėĶŅŃľƢėĺŅĴĽńĴıńĬīƢĔńĭĶŃĵŃŏĺĸŅĪňŗŒĝƟŒĬĔŅĶŀĭŐľƟĚŐĸŃĽĳŅıŐĺħĸƟŀĴĨƞŅĚŕĕŀĚȮȮȮ

őĶĚŀĭŐľƟĚĪňŗŏĔŇħĕŉŘĬȮŐĸŃěŅĔĕƟŀĴŌĸŒĬŐįĬĳŌĴŇĔĶŃĭĺĬĔŅĶœľĸĪňŗœħƟĭńĬĪŉĔĔŇěĔĶĶĴĨƞŅĚŕȮįŌƟĺŇěńĵěŃ

ėņĬĺĦŏĺĸŅĪńŘĚľĴħĪňŗŒĝƟŐĶĚĚŅĬėĬȮ&Man-Hours) ŒĬŐĨƞĸŃĕńŘĬĨŀĬĕŀĚĔĶŃĭĺĬĔŅĶŀĭŐľƟĚőħĵ

ŏĮĶňĵĭŏĪňĵĭĶŃľĺƞŅĚĔƞŀĬŐĸŃľĸńĚĔŅĶŒĝƟĶŃĭĭȮIoT őħĵĶĺĴĔŇěĔĶĶĴĪńŘĚľĴħĪňŗįŌƟĮĢŇĭńĨŇĚŅĬĨƟŀĚ

ħņŏĬŇĬĔŅĶȮŐĸŃėŇħŀŀĔĴŅŏĮƦĬĝńŗĺőĴĚėĬĪņĚŅĬȮ&ŏĝƞĬȮľŅĔĴňįŌƟĮĢŇĭńĨŇĚŅĬȮ/ȮėĬĪņĚŅĬȮ0ȮĝńŗĺőĴĚȮ

ŏĪƞŅĔńĭȮ0 ĝńŗĺőĴĚ+ėĬ) őħĵĔŅĶĺŇŏėĶŅŃľƢĺƞŅȮMan-Hours ĶĺĴĕŀĚĔĶŃĭĺĬĔŅĶŀĭŐľƟĚĸħĸĚľĶŊŀœĴƞȮ

ľĸńĚěŅĔŒĝƟĶŃĭĭȮIoT ŏĬŊŗŀĚěŅĔĚŅĬľĸŅĵŀĵƞŅĚĪňŗŏėĵŒĝƟŏĺĸŅĕŀĚįŌƟĮĢŇĭńĨŇĚŅĬȮ&ŏĝƞĬȮĔŅĶĨĶĺěĺńħ

ėĺŅĴĝŊŘĬĪŋĔĺńĬȮĔŅĶėĺĭėŋĴŀŋĦľĳŌĴŇħƟĺĵĔŅĶŏĮƕħ-ĮƕħőĶĚŏĶŊŀĬ'ȮĩŌĔĪņŒľƟŏĮƦĬŀńĨőĬĴńĨŇȮĪņŒľƟ

įŌƟĮĢŇĭńĨŇĚŅĬĽŅĴŅĶĩŒĝƟŏĺĸŅĝƞĺĚĬńŘĬœĮĪņĚŅĬŀŊŗĬĪňŗŏĮƦĬĮĶŃőĵĝĬƢœħƟȮĬŀĔěŅĔĬňŘȮĵńĚĺŇŏėĶŅŃľƢȮŏĺĸŅĶĺĴ

ĕŀĚĔĶŃĭĺĬĔŅĶȮ&Throughput Time) ĞŉŗĚľĴŅĵĩŉĚŏĺĸŅĨńŘĚŐĨƞŏĶŇŗĴĬņŏĴĸŖħĔŅŐĲŏĕƟŅĨŅĔěĬıĶƟŀĴ

ĽņľĶńĭĕńŘĬĨŀĬĨƞŀœĮȮŒĬĔŅĶĭńĬĪŉĔįĸĔŅĶĺŇŏėĶŅŃľƢħƟĺĵȮMan-hourȮĪňŗŒĝƟŒĬĔĶŃĭĺĬĔŅĶįĸŇĨĔƞŀĬŐĸŃ

ľĸńĚĔŅĶĮĶńĭĮĶŋĚŐĸŃŏĮĶňĵĭŏĪňĵĭĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚŀĚėƢĮĶŃĔŀĭŐĨƞĸŃŀĵƞŅĚȮőħĵŒĝƟ ĨŅĶŅĚĪňŗȮ1,0 

ěņĬĺĬŐĶĚĚŅĬėĬŐĸŃĝńŗĺőĴĚĔŅĶĪņĚŅĬĕŀĚĔĶŃĭĺĬĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲȮŏıŊŗŀĭńĬĪŉĔĕƟŀĴŌĸŐĸŃ

ĽĶŋĮįĸ  
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ĨŅĶŅĚĪňŗȮ3.2ȮěņĬĺĬŐĶĚĚŅĬėĬŐĸŃĝńŗĺőĴĚĔŅĶĪņĚŅĬĕŀĚĔĶŃĭĺĬĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲ 

 
 

 

3.6 ĔŅĶİƗĔŀĭĶĴŐĸŃĩƞŅĵĪŀħĺŇīňĔŅĶŒĝƟĚŅĬŐĔƞĔĸŋƞĴŏĔļĨĶĔĶ 
 ŏıŊŗŀŒľƟĔŅĶĬņĶŃĭĭŒľĴƞĬňŘœĮŒĝƟĚŅĬŏĔŇħĮĶŃĽŇĪīŇįĸȮįŌƟĺŇěńĵœħƟħņŏĬŇĬĔŅĶİƗĔŀĭĶĴŐĸŃĩƞŅĵĪŀħ

ĺŇīňĔŅĶŒĝƟĚŅĬĶŃĭĭėĺĭėŋĴőĶĚŀĭŐľƟĚĪňŗıńĥĬŅĕŉŘĬŒľƟĔńĭĽĴŅĝŇĔĕŀĚĔĸŋƞĴĺŇĽŅľĔŇěĝŋĴĝĬĔŅŐĲĶńļġŅłȮ

ŐĸŃįŌƟĪňŗŏĔňŗĵĺĕƟŀĚȮĔŅĶİƗĔŀĭĶĴěńħĕŉŘĬĳŅĵľĸńĚĔŅĶĨŇħĨńŘĚĶŃĭĭŐĸŃĪħĽŀĭěĬıĶƟŀĴŒĝƟĚŅĬȮŏĬŊŘŀľŅĔŅĶ

ŀĭĶĴěŃėĶŀĭėĸŋĴĔŅĶŀīŇĭŅĵĔŅĶĪņĚŅĬĕŀĚĶŃĭĭ*ȮŐĬŃĬņĺŇīňŒĝƟĚŅĬĶŃĭĭ*ȮĔŅĶħŌĕƟŀĴŌĸĪňŗĭńĬĪŉĔŒĬ

ĶŃĭĭėĸŅĺħƢȮŐĸŃĕƟŀĶŃĴńħĶŃĺńĚŒĬĔŅĶŒĝƟĚŅĬĶŃĭĭȮŏĮƦĬĨƟĬ 

3.7 ĔŅĶĽĶŋĮįĸŐĸŃěńħĪņĶŅĵĚŅĬįĸĔŅĶĺŇěńĵ 
 ĳŅĵľĸńĚěŅĔħņŏĬŇĬĔŅĶĺŇěńĵėĶĭĪŋĔĕńŘĬĨŀĬĨŅĴŐįĬĪňŗĺŅĚœĺƟȮįŌƟĺŇěńĵěŃĪņĔŅĶĶĺĭĶĺĴįĸĔŅĶ

ĪħĸŀĚȮĕƟŀėƟĬıĭȮŐĸŃĭĪŏĶňĵĬĪňŗœħƟĶńĭěŅĔĔŅĶıńĥĬŅĶŃĭĭȮIoT ĽņľĶńĭėĺĭėŋĴĔŅĶŀĭŐľƟĚŏĴĸŖħ

ĔŅŐĲȮĴŅěńħĪņŏĮƦĬĶŅĵĚŅĬįĸĔŅĶĺŇěńĵĜĭńĭĽĴĭŌĶĦƢŒĬĶŌĮŐĭĭĽŅĶĬŇıĬīƢĶŃħńĭĮĶŇĠĠŅőĪȮĶŅĵĚŅĬ

ĜĭńĭĬňŘĮĶŃĔŀĭħƟĺĵĔŅĶĭĶĶĵŅĵĩŉĚĺńĨĩŋĮĶŃĽĚėƢŐĸŃėĺŅĴĽņėńĠĕŀĚĮƤĠľŅ*ȮĺŇīňħņŏĬŇĬĔŅĶĺŇěńĵ*ȮȮȮȮȮȮ

1 �o�4�v�M�o�4�h�w�U�Z�p�X�c�5�L�U�–�e�U�o�=�`�V�™�V�h�w�4�e�p�R 30 2 1.00 2.00

2 �X�–�e�:�J�|�e�7�Z�e�T�]�c�`�e�G 5 2 0.50 1.00

3 �H�V�Z�;�]�`�M�7�k�F�S�e�Q/�7�d�G�p�U�4�o�T�X�v�G 5 2 0.33 0.67

4 �] �h�o�`�e�o�L�j�x�`�O�X�`�`�4�p�X�c�X�`�4�o�T�j�`�4 5 2 0.42 0.83

5 � �̂T�d�4�G�–�Z�U�4�e�V�p�=�•�L�|�x�e 5 1 72.00 72.00

6 �X�–�e�:�o�T�j�`�4�G�–�Z�U�L�|�x�e�]�c�`�e�G 5 1 0.25 0.25

7 �4�V�c�;�e�U�o�=�`�V�™�V�h�w�M�L�H�c�p�4�V�: 5 2 0.25 0.50

8 �o�N�g�G�V�c�M�M�`�M�p�^ �–�: 30 1 0.17 0.17

9 �7�Z�M�7�k�T�Q�d�G�X�T�V�c�M�e�U�`�e�4�e�[ 30 1 0.33 0.33

10 �4�e�V�`�M�p�^ �–�: 0 1 432.00432.00

11 �H�V�Z�;�7�Z�e�T�=�j�x�L 30 1 0.17 0.17

12 �;�d�G�o�4�v�M�o�T�X�v�G�p�^ �–�:�X�:�I�k�: 30 2 0.33 0.67

10 0 2 0 0 180 18 507.75 510.58

ĸŜŅħńĭ ĝŊŗŀĔŇěĔĶĶĴ

ĶĺĴ

ĽńĠĸńĔļĦƢ ĶŃĵŃĪŅĚ

(ŏĴĨĶ)

ĔƞŀĬĮĶńĭĮĶŋĚĶŃĭĭ

ŏĺĸŅ

(ĝńŗĺőĴĚ)

Man-Hour

(ĝńŗĺőĴĚ-ėĬ)

ėĬĪŜŅĚŅĬ

(ėĬ)
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įĸĔŅĶĪħĸŀĚŐĸŃĔŅĶĺŇŏėĶŅŃľƢȮ&ŏĝƞĬȮĕƟŀĴŌĸŏĮĶňĵĭŏĪňĵĭĔƞŀĬ+ľĸńĚĔŅĶŒĝƟĶŃĭĭȮIoT) ĨĸŀħěĬĕƟŀĽĶŋĮ

ŐĸŃĕƟŀŏĽĬŀŐĬŃŒĬĔŅĶĮĶŃĵŋĔĨƢŒĝƟįĸĚŅĬĺŇěńĵ 

 ŒĬĔŅĶěńħĪņĶŅĵĚŅĬȮįŌƟĺŇěńĵěŃěńħŏĨĶňĵĴ ĶŌĮĳŅıȮŐįĬĳŌĴŇȮĨŅĶŅĚ ŐĸŃ ŏŀĔĽŅĶŀƟŅĚŀŇĚ Īňŗ

ŏĔňŗĵĺĕƟŀĚŒľƟėĶĭĩƟĺĬŏıŊŗŀĽĬńĭĽĬŋĬŏĬŊŘŀľŅȮĨńĺŀĵƞŅĚŏĝƞĬȮœħƟĬņŏĽĬŀŐįĬĳŌĴŇĔĶŃĭĺĬĔŅĶœľĸŐĸŃĨŅĶŅĚ

ĺŇŏėĶŅŃľƢŏĺĸŅŒĬĭĪĪňŗĺƞŅħƟĺĵįĸĔŅĶĪħĸŀĚȮŏıŊŗŀŒľƟįŌƟŀƞŅĬŏľŖĬĳŅıŏĝŇĚĮĶŇĴŅĦĕŀĚĔŅĶĮĶńĭĮĶŋĚ

ĔĶŃĭĺĬĔŅĶȮĬŀĔěŅĔĬňŘȮœħƟŀīŇĭŅĵĕƟŀėƟĬıĭŏĝŇĚėŋĦĳŅıȮŏĝƞĬȮėĺŅĴĽŃħĺĔĪňŗŏıŇŗĴĕŉŘĬŒĬĔŅĶ

ėĺĭėŋĴħŌŐĸőĶĚŀĭŐľƟĚőħĵĔĸŋƞĴŏĔļĨĶĔĶȮŏĮƦĬĨƟĬȮĶŅĵĚŅĬįĸĔŅĶĺŇěńĵœħƟĶńĭĔŅĶěńħĶŌĮŐĭĭĨŅĴ

ĴŅĨĶģŅĬĔŅĶıŇĴıƢĺŇĪĵŅĬŇıĬīƢĕŀĚĭńĦĤŇĨĺŇĪĵŅĸńĵȮŐĸŃœħƟĽƞĚŒľƟėĦŃĔĶĶĴĔŅĶĪňŗĮĶŉĔļŅĨĶĺěĽŀĭ

ėĺŅĴĩŌĔĨƟŀĚėĶĭĩƟĺĬĕŀĚŏĬŊŘŀľŅ 

 ľĸńĚěŅĔŐĔƟœĕĮĶńĭĮĶŋĚĨŅĴėņŐĬŃĬņĕŀĚĪňŗĮĶŉĔļŅŐĸŃįŌƟĪĶĚėŋĦĺŋĥŇŐĸƟĺȮįŌƟĺŇěńĵěŉĚœħƟěńħıŇĴıƢ

ŏĸƞĴĽŅĶĬŇıĬīƢĜĭńĭĽĴĭŌĶĦƢȮıĶƟŀĴĪńŘĚěńħĪņ ĽĶŋĮįĸĔŅĶĺŇěńĵ ŒĬĶŌĮŐĭĭĪňŗŏĕƟŅŒěĚƞŅĵŏıŊŗŀŏįĵŐıĶƞŒľƟĔńĭ

ĔĸŋƞĴĺŇĽŅľĔŇěĝŋĴĝĬĔŅŐĲĶńļġŅŐĸŃįŌƟĴňĽƞĺĬœħƟĽƞĺĬŏĽňĵŒĬıŊŘĬĪňŗœħƟĶńĭĪĶŅĭȮĞŉŗĚėĶŀĭėĸŋĴĩŉĚĺŇīňĔŅĶ

ĨŇħĨńŘĚŐĸŃŒĝƟĚŅĬĶŃĭĭȮIoT ħńĚĔĸƞŅĺȮĨĸŀħěĬįĸĮĶŃőĵĝĬƢĪňŗœħƟĶńĭȮŏĝƞĬȮĔŅĶĸħŏĺĸŅŒĬĔŅĶŀĭŐľƟĚ

ŐĸŃĔŅĶĮĶńĭĮĶŋĚėŋĦĳŅıŏĴĸŖħĔŅŐĲȮįĸĪňŗœħƟĶńĭěŅĔĔŅĶĩƞŅĵĪŀħįĸĚŅĬĺŇěńĵĬňŘėŅħĺƞŅěŃĝƞĺĵŒľƟĝŋĴĝĬ

ĽŅĴŅĶĩĬņŀĚėƢėĺŅĴĶŌƟœĮŒĝƟŒľƟŏĔŇħĮĶŃőĵĝĬƢěĶŇĚȮŏĔŇħĔŅĶĨƞŀĵŀħŏĪėőĬőĸĵňȮIoT ŒĬħƟŅĬĔŅĶŐĮĶĶŌĮ

įĸŇĨįĸĔŅĶŏĔļĨĶŀŊŗĬŕȮŒĬŀĬŅėĨȮŐĸŃŏĮƦĬœĮĨŅĴŏĮƚŅľĴŅĵĕŀĚĚŅĬĺŇěńĵŒĬĔŅĶĽĶƟŅĚėĺŅĴĵńŗĚĵŊĬŒľƟŐĔƞ

ĝŋĴĝĬĪńŘĚĪŅĚħƟŅĬŏĻĶļģĔŇěŐĸŃŀĚėƢėĺŅĴĶŌƟĪŅĚŏĪėőĬőĸĵň 
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ĭĪĪňŗȮ2ȮįĸĔŅĶĺŇěńĵ 

 ĭĪĬňŘĬņŏĽĬŀįĸĔŅĶıńĥĬŅĶŃĭĭȮIoT ĽņľĶńĭėĺĭėŋĴőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢŒĬĔŅĶ
ŀĭŏĴĸŖħĔŅŐĲȮőħĵŏĮĶňĵĭŏĪňĵĭĮĶŃĽŇĪīŇĳŅıĔƞŀĬŐĸŃľĸńĚĔŅĶĬņĶŃĭĭȮIoT ĴŅŒĝƟȮĨĸŀħěĬĔŅĶ
ĺŇŏėĶŅŃľƢĕƟŀĴŌĸĪňŗœħƟěŅĔŏĞŖĬŏĞŀĶƢĕŀĚĶŃĭĭȮIoT ŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶŀĭŐľƟĚȮŐĸŃĔŅĶĮĶŃŏĴŇĬįĸ
ħƟŅĬŏĺĸŅĔŅĶįĸŇĨŐĸŃĔŅĶŒĝƟŐĶĚĚŅĬĨŅĴľĸńĔĺŇĻĺĔĶĶĴŀŋĨĽŅľĔŅĶĪňŗœħƟħņŏĬŇĬĔŅĶœĺƟȮįĸĔŅĶĻŉĔļŅěŃ
ĩŌĔĬņŏĽĬŀĪńŘĚŒĬĶŌĮĨŅĶŅĚŏĮĶňĵĭŏĪňĵĭȮĔĶŅĲŐĽħĚŐĬĺőĬƟĴĕŀĚĨńĺŐĮĶĽņėńĠȮŐĸŃĳŅıĩƞŅĵĮĶŃĔŀĭ
ŏıŊŗŀŒľƟŏľŖĬĩŉĚėĺŅĴŐĨĔĨƞŅĚĕŀĚŏĴĸŖħĔŅŐĲĔƞŀĬŐĸŃľĸńĚĔŅĶŀĭŐľƟĚŀĵƞŅĚĝńħŏěĬȮħńĚĬňŘ 

2,/ȮįĸĔŅĶĺŇŏėĶŅŃľƢĽŅŏľĨŋėĺŅĴĸƞŅĝƟŅĕŀĚĔĶŃĭĺĬĔŅĶŏėĶŊŗŀĚĴŊŀĺŇĻĺĔĶĶĴŀŋĨĽŅľĔŅĶ  
 ěŅĔĔŅĶĻŉĔļŅŐĸŃŏĔŖĭĕƟŀĴŌĸĔĶŃĭĺĬĔŅĶįĸŇĨŏĴĸŖħĔŅŐĲĕŀĚĔĸŋƞĴĺŇĽŅľĔŇěĝŋĴĝĬĔŅŐĲĶńļġŅłȮ
ŒĬľńĺĕƟŀĪňŗȮ1,0ȮıĭĺƞŅŒĬĕńŘĬĨŀĬĔŅĶĶŀėŀĵĔŅĶŀĭŐľƟĚĴňĔŅĶŒĝƟŏĺĸŅĴŅĔȮěŉĚěņŏĮƦĬĨƟŀĚĴňĔŅĶĮĶńĭĮĶŋĚ
ŏıŊŗŀĸħĶŃĵŃŏĺĸŅĔŅĶŀĭŐľƟĚȮőħĵĔŅĶĺŇŏėĶŅŃľƢĽŅŏľĨŋŐĸŃĮƤĠľŅŐĸŃĺŇŏėĶŅŃľƢĺŇīňĮĶńĭĮĶŋĚ
ĔĶŃĭĺĬĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲȮĴňĶŅĵĸŃŏŀňĵħħńĚĨƞŀœĮĬňŘ 

 2,/,/ ĔŅĶĺŇŏėĶŅŃľƢĽŅŏľĨŋħƟĺĵŐįĬįńĚĔƟŅĚĮĸŅȮ&Fishbone Diagram) 

  ĔŅĶĺŇŏėĶŅŃľƢĽŅŏľĨŋħƟĺĵŐįĬįńĚĔƟŅĚĮĸŅȮ&Fishbone Diagram) ľĶŊŀŐįĬįńĚĽŅŏľĨŋ
ŐĸŃįĸȮ&CauseȮandȮEffect Diagram) ĞŉŗĚŏĮƦĬįńĚĪňŗŒĝƟŏıŊŗŀėƟĬľŅĽŅŏľĨŋĕŀĚĮƤĠľŅŀĵƞŅĚŏĮƦĬĶŃĭĭȮ
őħĵŐĵĔĽŅŏľĨŋŀŀĔŏĮƦĬľĴĺħľĴŌƞĮƤěěńĵĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĮƤĠľŅĬńŘĬŕ őħĵŏĬƟĬĺŇŏėĶŅŃľƢľŅĽŅŏľĨŋĪňŗĴň
ĮƤĠľŅŏĶŊŗŀĚĶŃĵŃŏĺĸŅŀĭŐľƟĚĬŅĬ ěŉĚœħƟĬņĮƤěěńĵĨƞŅĚŕĴŅĺŇŏėĶŅŃľƢőħĵĔŅĶěńħĪņŐįĬįńĚĔƟŅĚĮĸŅħńĚ
ŐĽħĚŒĬĳŅıĪňŗȮ2,/ȮĞŉŗĚĽŅŏľĨŋľĸńĔŐĵĔŀŀĔŏĮƦĬȮ6 ħƟŅĬȮħńĚĬňŘȮ 

 

 

 

 

 

 

 

 

 

 

ĳŅıĪňŗȮ4.1ȮĔŅĶĺŇŏėĶŅŃľƢľŅĽŅŏľĨŋħƟĺĵįńĚĔƟŅĚĮĸŅ 
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 /'ȮħƟŅĬĭŋėĸŅĔĶȮ&Man) ŏĮƦĬĮƤěěńĵĽŅŏľĨŋĪňŗŏĔŇħěŅĔįŌƟĮĢŇĭńĨŇĚŅĬľĶŊŀŐĶĚĚŅĬėĬȮŏĝƞĬ ĕŅħ
ėĺŅĴĶŌƟėĺŅĴĝņĬŅĠŒĬĔŅĶĮĶŃŏĴŇĬėĺŅĴĝŊŘĬĪňŗŐĪƟěĶŇĚĕŀĚŏĴĸŖħĔŅŐĲȮįŌƟĮĢŇĭńĨŇĚŅĬĨƟŀĚŒĝƟĺŇīňėŅħėŃŏĬ
ěŅĔĮĶŃĽĭĔŅĶĦƢĞŉŗĚŀŅěėĸŅħŏėĸŊŗŀĬȮŐĸŃĴňĔņĸńĚėĬĚŅĬěņĔńħ ŀŅěěŃĨŇħĳŅĶŃĔŇěŀŊŗĬŕȮŏĝƞĬȮĔŅĶ
ŀŀĔœĮĕŅĵĽŇĬėƟŅȮĪņŒľƟœĴƞĽŅĴŅĶĩŏİƚŅħŌľĶŊŀŏİƚŅĨĶĺěĺńħėĺŅĴĝŊŘĬœħƟȮĽƞĚįĸŒľƟĭŅĚĝƞĺĚĔŅĶŀĭŐľƟĚœĴƞœħƟ
ĶńĭĔŅĶħŌŐĸĪņŒľƟĴňĶŃĵŃŏĺĸŅŀĭŐľƟĚĬŅĬĕŉŘĬ 

 0'ȮħƟŅĬĺŇīňĔŅĶȮ&Method) ŏĮƦĬĮƤěěńĵĽŅŏľĨŋĪňŗŏĔŇħěŅĔĺŇīňĔŅĶľĶŊŀĕńŘĬĨŀĬĔŅĶħņŏĬŇĬĚŅĬĪňŗŒĝƟ
ŒĬĔĶŃĭĺĬĔŅĶȮŏĝƞĬȮĔŅĶŒĝƟ ĺŇīňĨŅĔŐľƟĚőħĵŀŅĻńĵŐĽĚŐħħīĶĶĴĝŅĨŇ ŐĸŃĔŅĶıĸŇĔŏĴĸŖħħƟĺĵ
ŐĶĚĚŅĬėĬȮĞŉŗĚĴňĕƟŀěņĔńħŏĶŊŗŀĚėĺŅĴĨƞŀŏĬŊŗŀĚŐĸŃĔŅĶėĺĭėŋĴĽĳŅĺŃŐĺħĸƟŀĴȮŐĸŃĵńĚœĴƞĴňĴŅĨĶģŅĬľĶŊŀ
ŏĔĦĤƢĝňŘĺńħĪňŗĝńħŏěĬ ŒĬĔŅĶĨńħĽŇĬĺƞŅŏĴĸŖħĔŅŐĲŐľƟĚĽĬŇĪŐĸƟĺȮ&ĨƟŀĚŀŅĻńĵĔŅĶėŅħŏħŅŏĮƦĬľĸńĔ'ȮŐĸŃœĴƞ
ĴňĔŅĶĔņľĬħĕńŘĬĨŀĬĔŅĶĶŃĭŅĵėĺŅĴĝŊŘĬĪňŗŐĬƞĬŀĬȮŏĝƞĬȮĔŅĶŏĮƕħ-ĮƕħıńħĸĴĶŃĭŅĵŀŅĔŅĻĨŅĴħŋĸĵ
ıŇĬŇěľĶŊŀėĺŅĴıŉĚıŀŒěĕŀĚįŌƟĮĢŇĭńĨŇĚŅĬ 

 1'ȮħƟŅĬĺńĨĩŋħŇĭȮ&Material) ŏĮƦĬĮƤěěńĵĽŅŏľĨŋĪňŗŏĔŇħěŅĔėŋĦĽĴĭńĨŇĕŀĚŏĴĸŖħĔŅŐĲŐĸŃĮĶŇĴŅĦ
ĪňŗĬņĴŅŀĭŐľƟĚŒĬŐĨƞĸŃĶŀĭĔŅĶįĸŇĨȮŏĝƞĬ ĶŃħńĭėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬĕŀĚŏĴĸŖħĔŅŐĲĪňŗŐĨĔĨƞŅĚĔńĬ ĞŉŗĚ
ĕŉŘĬĔńĭĽĳŅıĕŀĚįĸĔŅŐĲŏĝŀĶƢĶňŗĪňŗŏĔŖĭĴŅȮĭŅĚĽƞĺĬĽŋĔľĶŊŀŀŅěŐľƟĚœĴƞŏĪƞŅĔńĬ*ȮĮĶŇĴŅĦŏĴĸŖħĨƞŀĔŅĶŀĭ
ľĬŉŗĚĶŀĭĪňŗĴŅĔ ĪņŒľƟĴňĔŅĶĔĶŃěŅĵŏĴĸŖħĭĬĨŃŐĔĶĚœħƟľĬŅȮĨƟŀĚŒĝƟĶŃĵŃŏĺĸŅĬŅĬŒĬĔŅĶŒľƟĬŘņĶŃŏľĵ
ŀŀĔľĴħȮĶĺĴĩŉĚĕĬŅħŐĸŃėĺŅĴľĬŅŐĬƞĬĕŀĚŏĴĸŖħĪňŗœĴƞĽĴŗņŏĽĴŀȮĪņŒľƟĭŅĚĽƞĺĬŐľƟĚŏĶŖĺȮŒĬĕĦŃĪňŗ
ĭŅĚĽƞĺĬĵńĚĝŊŘĬŀĵŌƞ 

 2'ȮħƟŅĬŏėĶŊŗŀĚěńĔĶ-ŀŋĮĔĶĦƢȮ&Machine)Ȯ ŏĮƦĬĮƤěěńĵĽŅŏľĨŋĪňŗŏĔŇħěŅĔĕƟŀěņĔńħĕŀĚŀŋĮĔĶĦƢŐĸŃ
ŏĪėőĬőĸĵňĪňŗŒĝƟŒĬĶŃĭĭŏħŇĴœĴƞĴňĮĶŃĽŇĪīŇĳŅıȮŏĝƞĬ őĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢŐĭĭŏĶŊŀĬĔĶŃěĔĪňŗ
ŒĝƟœĴƞĴňĶŃĭĭĔĸœĔĝƞĺĵŒĬĔŅĶĔņľĬħĔŅĶĶŃĭŅĵŀŅĔŅĻľĶŊŀėĺĭėŋĴėĺŅĴĝŊŘĬ*ȮŒĝƟŐĶĚĚŅĬėĬŒĬĔŅĶ
ėĺĭėŋĴħŌŐĸĔŅĶŀĭŐľƟĚŏĮƦĬľĸńĔȮĞŉŗĚŒĬĭŅĚėĶńŘĚįŌƟĮĢŇĭńĨŇĚŅĬŀŅěěŃŀŀĔœĮĮĢŇĭńĨŇĳŅĶĔŇěŀŊŗĬŕŒĬĨƞŅĚ
ĪƟŀĚĩŇŗĬȮěŉĚœĴƞœħƟŏĮƕħıńħĸĴĶŃĭŅĵŀŅĔŅĻĨńŘĚœĺƟȮĪņŒľƟĔŅĶŀĭŐľƟĚœĴƞħňŏĪƞŅĪňŗėĺĶ ıŉŗĚıŅĔŅĶıŅėĺŅĴĶƟŀĬ
ĨŅĴīĶĶĴĝŅĨŇŏĪƞŅĬńŘĬ œĴƞĴňıńħĸĴĝƞĺĵĶŃĭŅĵėĺŅĴĝŊŘĬȮŐĸŃĬŀĔěŅĔĬňŘĵńĚœĴƞĴňŏĞŖĬŏĞŀĶƢĺńħĽĳŅıŀŅĔŅĻ
ĳŅĵŒĬőĶĚŀĭȮįŌƟĮĢŇĭńĨŇĚŅĬěŉĚœĴƞœħƟĶńĭĪĶŅĭĕƟŀĴŌĸĨńĺŏĸĕĕŀĚŀŋĦľĳŌĴŇľĶŊŀėĺŅĴĝŊŘĬŐĭĭŏĶňĵĸœĪĴƢœħƟ 

 3'ȮħƟŅĬĔŅĶĺńħŐĸŃĔŅĶėĺĭėŋĴȮ&Measurement) ŏĮƦĬĮƤěěńĵĽŅŏľĨŋĪňŗŏĔŇħěŅĔĔŅĶĨĶĺěĺńħ
ŐĸŃĔŅĶėĺĭėŋĴĔĶŃĭĺĬĔŅĶȮŏĝƞĬ œĴƞĴňŏėĶŊŗŀĚĴŊŀĪňŗŒĝƟĺńħėĺŅĴĝŊŘĬĕŀĚŏĴĸŖħőħĵĨĶĚŒĬĶŃľĺƞŅĚĔŅĶ
ŀĭŐľƟĚȮįŌƟĮĢŇĭńĨŇĚŅĬěŉĚœĴƞĪĶŅĭėƞŅėĺŅĴĝŊŘĬĪňŗŐĪƟěĶŇĚŒĬŐĨƞĸŃŏĺĸŅȮĨƟŀĚŒĝƟĺŇīňėŅħŏħŅěŅĔĬŘņľĬńĔŐĸŃ
ĽňĽńĬĕŀĚŏĴĸŖħĔŅŐĲĨŅĔŐľƟĚŏĪƞŅĬńŘĬȮĞŉŗĚŏĔŇħěŅĔĮĶŃĽĭĔŅĶĦƢĕŀĚįŌƟĮĢŇĭńĨŇĚŅĬŏŀĚȮŀňĔĪńŘĚœĴƞĴňĶŃĭĭ
ĭńĬĪŉĔĕƟŀĴŌĸĔŅĶŀĭŐľƟĚ ĪņŒľƟœĴƞĽŅĴŅĶĩĨŇħĨŅĴėĺŅĴĔƟŅĺľĬƟŅľĶŊŀĺŇŏėĶŅŃľƢĮĶńĭĮĶŋĚĔĶŃĭĺĬĔŅĶ
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ŀĭŐľƟĚœħƟȮĴňĔŅĶėĺĭėŋĴĔĶŃĭĺĬĔŅĶĨŅĔŐľƟĚĪńŘĚľĴħőħĵĔŅĶĪņŐĸƟĺėƞŀĵĴŅĶŀħŌįĸĳŅĵľĸńĚȮőħĵĕŅħȮ
feedback ŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶȮ 

 4'ȮħƟŅĬĽĳŅıŐĺħĸƟŀĴȮ&Environment)ȮŏĮƦĬĮƤěěńĵĪňŗŏĔŇħěŅĔĽŇŗĚŐĺħĸƟŀĴĳŅĵĬŀĔĪňŗĽƞĚįĸĨƞŀ
ĔŅĶŀĭŐľƟĚȮŏĝƞĬ ĽĳŅıŀŅĔŅĻĪňŗŐĮĶĮĶĺĬ*ȮŐĽĚŐħħĴňėĺŅĴŏĕƟĴœĴƞĽĴŗņŏĽĴŀȮĭŅĚĺńĬĴňŏĴęŏĵŀŃľĶŊŀĴň
İĬĨĔĭƞŀĵȮĪņŒľƟĔŅĶŀĭŐľƟĚľĵŋħĝŃĚńĔȮėĺŅĴĝŊŘĬŒĬŀŅĔŅĻĳŅĵĬŀĔĪňŗĽŌĚŒĬĭŅĚĝƞĺĚŏĺĸŅȮ&őħĵŏĜıŅŃ
ŏĺĸŅĔĸŅĚėŊĬľĶŊŀĝƞĺĚİĬĨĔ'ȮĪņŒľƟĔŅĶĶŃŏľĵĕŀĚĬŘņěŅĔŏĴĸŖħĔŅŐĲĴňėĺŅĴĝƟŅĸĚŐĸŃŀŅěŏĔŇħ
ėĺŅĴĝŊŘĬĵƟŀĬĔĸńĭěŅĔĳŅĵĬŀĔŏĕƟŅĴŅŒĬŏĴĸŖħĔŅŐĲľĶŊŀŒĬőĶĚŀĭŐľƟĚœħƟȮĬŀĔěŅĔĬňŘŀŋĦľĳŌĴŇĳŅĵĬŀĔ
ĪňŗĸħĸĚĨŗņŒĬĨŀĬĔĸŅĚėŊĬ ĽƞĚįĸŒľƟĳŅĵŒĬőĶĚŀĭŐľƟĚĴňŀŋĦľĳŌĴŇĸħĸĚĨŅĴȮœĴƞŏıňĵĚıŀĨƞŀĔŅĶœĸƞ
ėĺŅĴĝŊŘĬȮĨƟŀĚŏĽňĵŏĺĸŅŀĭĬŅĬĕŉŘĬŒĬĺńĬĩńħœĮȮĮƤěěńĵŏľĸƞŅĬňŘĸƟĺĬĵŅĔĨƞŀĔŅĶėĺĭėŋĴŒĬĔĶŃĭĺĬĔŅĶ
ŀĭŐľƟĚŒĬĮƤěěŋĭńĬ 

 2,/,0ȮŐĬĺĪŅĚĔŅĶŐĔƟœĕĮƤĠľŅěŅĔįńĚĔƟŅĚĮĸŅ 

  ěŅĔĔŅĶĺŇŏėĶŅŃľƢħƟĺĵŐįĬįńĚĔƟŅĚĮĸŅŐĽħĚŒľƟŏľŖĬĺƞŅ ĽŅŏľĨŋľĸńĔŀĵŌƞĪňŗĔŅĶĕŅħĶŃĭĭ
ĨĶĺěĺńħŐĸŃŏėĶŊŗŀĚĴŊŀŀńĨőĬĴńĨŇŏĮƦĬĮƤěěńĵĽņėńĠȮŏĝƞĬȮħƟŅĬŏėĶŊŗŀĚěńĔĶȮőĶĚŀĭŐľƟĚĪňŗœĴƞĴňŏĞŖĬŏĞŀĶƢ*ȮœĴƞĴň
ĶŃĭĭŏĮƕħ-ĮƕħıńħĸĴŀńĨőĬĴńĨŇȮŐĸŃħƟŅĬĔŅĶĺńħėĺĭėŋĴĪňŗœĴƞĴňŏėĶŊŗŀĚĴŊŀľĶŊŀŀŋĮĔĶĦƢŒĬĔŅĶĨĶĺěĺńħ
ėĺŅĴĝŊŘĬőħĵĨĶĚȮĞŉŗĚĪńŘĚĽŀĚħƟŅĬĬňŘŏĔňŗĵĺıńĬőħĵĨĶĚĔńĭĔŅĶœĴƞĴňĶŃĭĭȮIoT ĴŅĝƞĺĵŒĬĔŅĶėĺĭėŋĴĔŅĶ
ĪņĚŅĬĕŀĚĶŃĭĭȮŒĬĕĦŃĪňŗħƟŅĬėĬŐĸŃĺŇīňĔŅĶĪňŗĵńĚŏĬƟĬĩŉĚĔŅĶĨƟŀĚıŉŗĚıŅĪńĔļŃŐĸŃĮĶŃĽĭĔŅĶĦƢĕŀĚ
įŌƟĮĢŇĭńĨŇĚŅĬŏıĶŅŃœĴƞĴňŏĪėőĬőĸĵňĝƞĺĵŏľĸŊŀȮŐĸŃŒĬħƟŅĬĽŇŗĚŐĺħĸƟŀĴĝňŘŒľƟŏľŖĬĺƞŅŐĴƟĮƤěěńĵĳŅĵĬŀĔěŃœĴƞ
ĽŅĴŅĶĩėŋĴœħƟȮŐĨƞľŅĔĴňĶŃĭĭľĶŊŀŀŋĮĔĶĦƢŏıŇŗĴŏĨŇĴĪňŗĽŅĴŅĶĩĨŀĭĽĬŀĚĨƞŀĽĳŅıŀŅĔŅĻŀńĨőĬĴńĨŇĔŖěŃ
ĝƞĺĵĸħįĸĔĶŃĪĭœħƟȮ 

  ħńĚĬńŘĬĔŅĶŐĔƟĮƤĠľŅėŊŀĔŅĶěńħĔŅĶĔńĭĽŅŏľĨŋŒĬĪŋĔħƟŅĬĨŅĴĪňŗĶŃĭŋŏĭŊŘŀĚĨƟĬȮĽŅĴŅĶĩ
ŐĔƟĮƤĠľŅĪńŘĚľĴħħƟĺĵĔŅĶĮĶńĭĮĶŋĚŏĪėőĬőĸĵňŐĸŃĺŇīňĔŅĶĪņĚŅĬħƟĺĵĔŅĶıńĥĬŅĶŃĭĭĨŇħĨŅĴŐĸŃ
ėĺĭėŋĴőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢħƟĺĵŏĪėőĬőĸĵňȮIoT ĞŉŗĚŏĮƦĬĪŅĚŏĸŊŀĔĪňŗĽŅĴŅĶĩŐĔƟœĕĮƤĠľŅ
ħńĚĔĸƞŅĺœħƟĨĶĚěŋħȮĽŅĴŅĶĩĸħŐĶĚĚŅĬėĬŐĸŃĸħĶŃĵŃŏĺĸŅŒĬĔĶŃĭĺĬĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲȮőħĵ
ĶŃĭĭĪňŗěŃĬņĴŅĮĶŃĵŋĔĨƢŒĝƟěŃĮĶŃĔŀĭħƟĺĵŏĞŖĬŏĞŀĶƢĨĶĺěĺńħĽĳŅıŐĺħĸƟŀĴ, ĶŃĭĭėĺĭėŋĴıńħĸĴ
ĶŃĭŅĵėĺŅĴĝŊŘĬŐĸŃĶŃĭĭĭńĬĪŉĔĕƟŀĴŌĸȮĽŅĴŅĶĩėĺĭėŋĴěŅĔŀŋĮĔĶĦƢĽŊŗŀĽŅĶěŅĔĶŃĵŃœĔĸœħƟȮĪňŗěŃĝƞĺĵ
ĸħĮƤĠľŅŏľĸƞŅĬňŘœħƟŀĵƞŅĚŏĮƦĬĶŃĭĭŒľƟĭĶĶĸŋĺńĨĩŋĮĶŃĽĚėƢŒĬĚŅĬĺŇěńĵĬňŘœħƟ 
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2,/,0 ĔŅĶĺŇŏėĶŅŃľƢŐĬĺĪŅĚĔŅĶĮĶńĭĮĶŋĚĔĶŃĭĺĬħƟĺĵľĸńĔĔŅĶĸħėĺŅĴĽŌĠŏĮĸƞŅĕŀĚĔĶŃĭĺĬĔŅĶ 

 ĔŅĶĺŇŏėĶŅŃľƢĔĶŃĭĺĬĔŅĶħƟĺĵľĸńĔĔŅĶĸħėĺŅĴĽŌĠŏĮĸƞŅĕŀĚĔĶŃĭĺĬĔŅĶȮECRS   
(Eliminate, Combine, Rearrange, Simplify) ŏĮƦĬľĬŉŗĚŒĬŐĬĺėŇħľĸńĔĕŀĚĔŅĶĮĶńĭĮĶŋĚĔĶŃĭĺĬĔŅĶįĸŇĨ
ĨŅĴŐĬĺĪŅĚĺŇĻĺĔĶĶĴŀŋĨĽŅľĔŅĶȮőħĵĴŋƞĚŏĬƟĬĔŅĶĸħėĺŅĴĽŌĠŏĮĸƞŅŐĸŃŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĕŀĚĔĶŃĭĺĬĔŅĶ
ŀĭŐľƟĚŏĴĸŖħĔŅŐĲȮőħĵŏĸŊŀĔŒĝƟŏĪėőĬőĸĵňȮIoT ĴŅĮĶŃĵŋĔĨƢŒĝƟĮĶńĭĮĶŋĚĶŃĭĭȮœħƟħńĚĨŅĶŅĚĪňŗȮ2,/ 

ĨŅĶŅĚĪňŗȮ4.1ȮĔŅĶĺŇŏėĶŅŃľƢŐĬĺĪŅĚĔŅĶĮĶńĭĮĶŋĚħƟĺĵľĸńĔĔŅĶĸħėĺŅĴĽŌĠŏĮĸƞŅĕŀĚĔĶŃĭĺĬĔŅĶ 

 
 ěŅĔĔŅĶĺŇŏėĶŅŃľƢĔĶŃĭĺĬĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲőħĵĮĶŃĵŋĔĨƢŒĝƟľĸńĔȮECRS ıĭĺƞŅĽŅĴŅĶĩ
ĶŃĭŋŐĬĺĪŅĚĔŅĶĮĶńĭĮĶŋĚĔĶŃĭĺĬĔŅĶįĸŇĨœħƟŀĵƞŅĚŏĮƦĬĶŃĭĭȮőħĵĔŅĶȮĔņěńħȮ&Eliminate) ĔŇěĔĶĶĴĪňŗ
œĴƞĔƞŀŒľƟŏĔŇħĴŌĸėƞŅȮŏĝƞĬȮĔŅĶĨĶĺěĽŀĭėĺŅĴĝŊŘĬħƟĺĵĔŅĶĽńĚŏĔĨħƟĺĵĽŅĵĨŅ,ŐĸŃĔŅĶĪņŒľƟĚƞŅĵȮ
&Simplify) ĕńŘĬĨŀĬĔŅĶėĺĭėŋĴįƞŅĬŐŀĮıĸŇŏėĝńĬĭĬĽĴŅĶƢĪőĲĬȮĪňŗĽŅĴŅĶĩĸħĶŃĵŃŏĺĸŅŀĭŐľƟĚœħƟȮ
ŐĸŃĝƞĺĵĸħĳŅĶŃŐĶĚĚŅĬŒĬĔŅĶħŌŐĸĔĶŃĭĺĬĔŅĶŀĭŐľƟĚœħƟŀĵƞŅĚĴňĬńĵĽņėńĠȮĪńŘĚĬňŘŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶ
ĮĶŃĵŋĔĨƢŒĝƟȮECRS ĶƞĺĴĔńĭŏĪėőĬőĸĵňȮIoT ĴňĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĵĔĶŃħńĭĔĶŃĭĺĬĔŅĶįĸŇĨŏĴĸŖħĔŅŐĲ
ŒĬĶŃħńĭĝŋĴĝĬŀĵƞŅĚŐĪƟěĶŇĚ 

ľĸńĔĔŅĶȮ&ECRS) ŐĬĺĪŅĚĔŅĶĮĶńĭĮĶŋĚ ĔĶŃĭĺĬĔŅĶĪňŗĮĶńĭĮĶŋĚ įĸĸńıīƢľĸńĚĮĶńĭĮĶŋĚ 

Eliminate 
(ĨńħĪŇŘĚ' 

ĔņěńħĕńŘĬĨŀĬ 
ĪňŗœĴƞĔƞŀŒľƟŏĔŇħĴŌĸėƞŅ 

ĔņěńħĕńŘĬĨŀĬĔŅĶĮĶŃŏĴŇĬ
ėĺŅĴĝŊŘĬħƟĺĵĽŅĵĨŅĕŀĚėĬĚŅĬ 

ĸħĔŅĶŒĝƟŐĶĚĚŅĬėĬ 

Combine 
(ĶĺĴ' 

ĶĺĴĕńŘĬĨŀĬ 
ľĶŊŀŀŋĮĔĶĦƢŏĕƟŅħƟĺĵĔńĬ 

+ + 

Rearrange 
(ěńħŏĶňĵĚŒľĴƞ' 

ĮĶńĭĸņħńĭ-ĨņŐľĬƞĚ
ĔŅĶĪņĚŅĬŒľƟŏľĴŅŃĽĴ 

+ + 

Simplify 
(ĪņŒľƟĚƞŅĵ' 

ĪņŒľƟĔŅĶħņŏĬŇĬĔŅĶ
ĚƞŅĵŐĸŃĽŃħĺĔĕŉŘĬ 

Ȯ+ȮĮĶńĭĮĶŋĚĕńŘĬĨŀĬĔŅĶ
ĨĶĺěĽŀĭėĺŅĴĝŊŘĬŒľƟĽŃħĺĔĕŉŘĬ
őħĵĔŅĶĨŇħĨńŘĚĶŃĭĭȮIoT 

 - ĮĶńĭĮĶŋĚĔŅĶĪņĚŅĬĕŀĚıńħĸĴ
ĶŃĭŅĵŀŅĔŅĻ 

+ȮįŌƟŒĝƟĚŅĬĪńŗĺœĮĽŅĴŅĶĩ
ėĺĭėŋĴĶŃĭĭœħƟĚƞŅĵĕŉŘĬ*Ȯ
ŒĝƟŐŀĮıĸŇŏėĝńĬėĺĭėŋĴȮ
IoT ŐĪĬĔŅĶŏħŇĬĨĶĺě 
+ȮĨĶĺěĺńħėĺŅĴĝŊŘĬŐĸŃ
ėĺĭėŋĴĶŃĭĭĽńŗĚŏĮƕħ+Įƕħ
ıńħĸĴŀńĨőĬĴńĨŇĨŅĴ RHȮ
ĪňŗĺńħœħƟ 
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2,0ȮįĸĔŅĶıńĥĬŅĶŃĭĭĨŇħĨŅĴŐĸŃėĺĭėŋĴőĶĚŀĭŐľƟĚħƟĺĵȮIoT 
 ěŅĔĔŅĶıńĥĬŅĶŃĭĭĨŇħĨŅĴŐĸŃėĺĭėŋĴőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢőħĵĮĶŃĵŋĔĨƢŒĝƟ
ŏĪėőĬőĸĵňȮInternet of Things (IoT) ıĭĺƞŅĶŃĭĭĪňŗŀŀĔŐĭĭĽŅĴŅĶĩĪņĚŅĬœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅı
ŐĸŃĴňŏĽĩňĵĶĳŅıŒĬĔŅĶĨĶĺěĺńħŐĸŃėĺĭėŋĴĔĶŃĭĺĬĔŅĶŀĭŐľƟĚŒĬĽĳŅĺŃěĶŇĚȮőħĵĽŅĴŅĶĩĨŇħĨŅĴ
ĕƟŀĴŌĸĽĳŅĺŃŐĺħĸƟŀĴȮŏĝƞĬȮŀŋĦľĳŌĴŇȮėĺŅĴĝŊŘĬȮŐĸŃıķĨŇĔĶĶĴĔŅĶĪņĚŅĬĕŀĚŀŋĮĔĶĦƢľĸńĔȮ&ŏĝƞĬȮıńħ
ĸĴħŌħŀŅĔŅĻ'ȮŐĭĭŏĶňĵĸœĪĴƢįƞŅĬŐŀĮıĸŇŏėĝńĬȮBlynk ŐĸŃĭńĬĪŉĔĕƟŀĴŌĸŀńĨőĬĴńĨŇĸĚŒĬȮGoogle 
Sheets ŏıŊŗŀĔŅĶĺŇŏėĶŅŃľƢĵƟŀĬľĸńĚȮėĺŅĴĽŅĴŅĶĩĕŀĚĶŃĭĭŒĬĔŅĶĮĶŃĴĺĸįĸĕƟŀĴŌĸėĺŅĴĝŊŘĬŐĸŃ
ėĺĭėŋĴĔŅĶŏĮƕħ-ĮƕħıńħĸĴĝƞĺĵĸħĔŅĶĽŌĠŏĽňĵıĸńĚĚŅĬŐĸŃėĺĭėŋĴėŋĦĳŅıĔŅĶŀĭŐľƟĚœħƟħňĕŉŘĬȮŏĴŊŗŀ
ŏĪňĵĭĔńĭĶŃĭĭħńŘĚŏħŇĴĪňŗŒĝƟĔŅĶĽńĚŏĔĨħƟĺĵĽŅĵĨŅŐĸŃŏĮƕħ-ĮƕħıńħĸĴħƟĺĵĨĬŏŀĚȮőħĵĴňįĸĔŅĶıńĥĬŅ
ĶŃĭĭĨŇħĨŅĴŐĸŃėĺĭėŋĴőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢħƟĺĵȮIoTȮŐĵĔŏĮƦĬĸņħńĭħńĚľńĺĕƟŀħńĚĬňŘ 

 4.0.1 ĔŅĶıńĥĬŅőĮĶŐĔĶĴėĺĭėŋĴĶŃĭĭ 

  įŌƟĺŇěńĵœħƟħņŏĬŇĬĔŅĶıńĥĬŅőĮĶŐĔĶĴĽņľĶńĭėĺĭėŋĴĔŅĶĪņĚŅĬĕŀĚĶŃĭĭȮIoT ĨŅĴ
ŐĬĺėŇħĪňŗŀŀĔŐĭĭœĺƟĨŅĴįńĚĚŅĬŒĬĭĪĪňŗȮ1ȮőħĵĔŅĶŏĕňĵĬőĮĶŐĔĶĴėĶńŘĚĬňŘŒĝƟĳŅļŅĞňȮ&C/C++) įƞŅĬ
ŐıĸĨĲŀĶƢĴȮArduino IDE ħńĚŐĽħĚŒĬĳŅıĪňŗȮ2,0Ȯ&ĶŅĵĸŃŏŀňĵħőĮĶŐĔĶĴŐĽħĚŒĬĳŅėįĬĺĔȮĔ' 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
ĳŅıĪňŗȮ4.2ȮĔŅĶŏĕňĵĬőĮĶŐĔĶĴėĺĭėŋĴőħĵŒĝƟĳŅļŅĞň 
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 őħĵŒĬĔŅĶŏĕňĵĬőĮĶŐĔĶĴĶŃĭĭĪňŗıńĥĬŅĴňőėĶĚĽĶƟŅĚőĮĶŐĔĶĴŏĶŇŗĴěŅĔĔŅĶŏĨĶňĵĴĔŅĶȮ
&Initialization) ĞŉŗĚĶĺĴĩŉĚĔŅĶĔņľĬħĕŅŀŇĬıŋĨ-ŏŀŅĨƢıŋĨĕŀĚœĴőėĶėŀĬőĪĶĸŏĸŀĶƢȮĔŅĶŏĝŊŗŀĴĨƞŀȮWi-Fi 
ŐĸŃĔŅĶŏĝŊŗŀĴĨƞŀĔńĭŏĞŇĶƢĲŏĺŀĶƢȮBlynk ŐĸŃȮGoogle Sheets ěŅĔĬńŘĬőĮĶŐĔĶĴěŃŏĕƟŅĽŌƞ Loop ľĸńĔ ȮȮȮ
ĞŉŗĚĺĬĪņĚŅĬĨĸŀħŏĺĸŅĕĦŃĶŃĭĭŏĮƕħŀĵŌƞȮŒĬŐĨƞĸŃĶŀĭĕŀĚȮloop őĮĶŐĔĶĴěŃŀƞŅĬėƞŅėĺŅĴĝŊŘĬȮ&ŐĸŃ
ŀŋĦľĳŌĴŇ'ȮěŅĔŏĞŖĬŏĞŀĶƢȮŏĴŊŗŀœħƟėƞŅĴŅŐĸƟĺěŃĬņĴŅŏĮĶňĵĭŏĪňĵĭĔńĭ ėƞŅėĺŅĴĝŊŘĬŏĮƚŅľĴŅĵ ĪňŗĔņľĬħœĺƟȮ
&ĞŉŗĚŀŅěĔņľĬħŒĬőėƟħľĶŊŀĮĶńĭŏĮĸňŗĵĬœħƟįƞŅĬŐŀĮ'ȮľŅĔėƞŅėĺŅĴĝŊŘĬĪňŗĺńħœħƟĽŌĚĔĺƞŅŏĮƚŅľĴŅĵȮ&ŐĽħĚĺƞŅ
ĳŅĵŒĬőĶĚŀĭŐľƟĚĝŊŘĬŏĔŇĬœĮ'ȮőĮĶŐĔĶĴěŃĽƞĚĽńĠĠŅĦ ŏĮƕħıńħĸĴȮ&FAN ON) őħĵĽńŗĚĶňŏĸĵƢŒľƟĪņĚŅĬŏıŊŗŀ
ěƞŅĵœĲŒľƟıńħĸĴľĴŋĬȮĶŃľĺƞŅĚĬńŘĬőĮĶŐĔĶĴěŃėŀĵŀƞŅĬėƞŅėĺŅĴĝŊŘĬŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮŏĴŊŗŀıĭĺƞŅėƞŅėĺŅĴĝŊŘĬ
ĸħĸĚĨŗņĔĺƞŅėƞŅĪňŗĔņľĬħĸƞŅĚȮ&ĝŊŘĬĨŗņĔĺƞŅĝƞĺĚĪňŗĨƟŀĚĔŅĶ'ȮĔŖěŃĽƞĚĽńĠĠŅĦ ĮƕħıńħĸĴȮ&FANȮOFF) ŏıŊŗŀ
ľĵŋħĔŅĶĶŃĭŅĵŀŅĔŅĻȮŒľƟėĺŅĴĝŊŘĬĔĸńĭĴŅŀĵŌƞŒĬĝƞĺĚĪňŗŏľĴŅŃĽĴȮĔĶŃĭĺĬĔŅĶėĺĭėŋĴĬňŘěŃŏĔŇħĕŉŘĬ
ŀńĨőĬĴńĨŇŒĬĪŋĔŕȮĶŀĭĔŅĶĪņĚŅĬ 

 ĬŀĔŏľĬŊŀěŅĔĔŅĶėĺĭėŋĴėĺŅĴĝŊŘĬȮőĮĶŐĔĶĴĵńĚĴňĽƞĺĬĔŅĶ ĽŊŗŀĽŅĶĕƟŀĴŌĸ ĞŉŗĚŒĬŐĨƞĸŃĶŀĭȮ
loop ěŃĪņĔŅĶŀńĮőľĸħĕƟŀĴŌĸĸƞŅĽŋħœĮĵńĚĶŃĭĭėĸŅĺħƢȮĮĶŃĔŀĭħƟĺĵȮėƞŅėĺŅĴĝŊŘĬȮėƞŅŀŋĦľĳŌĴŇȮŐĸŃ
ĽĩŅĬŃĔŅĶĪņĚŅĬĕŀĚıńħĸĴȮĦȮŏĺĸŅĬńŘĬȮőħĵŒĝƟėņĽńŗĚŏĶňĵĔ API ĕŀĚȮGoogle Sheets (įƞŅĬȮGoogle 
Apps Script Web API ĪňŗŏĨĶňĵĴœĺƟ'ȮŒĬĔŅĶĭńĬĪŉĔėƞŅĸĚĨŅĶŅĚĽŏĮĶħĝňĨĭĬȮGoogle Drive ŐĸŃŒĝƟ 
œĸĭĶŅĶňȮBlynk ŒĬĔŅĶĽƞĚėƞŅĨńĺŐĮĶœĮŀńĮŏħĨĭĬŐŀĮıĸŇŏėĝńĬȮBlynk ĕŀĚįŌƟŒĝƟĚŅĬĭĬĽĴŅĶƢĪőĲĬȮ
ŏıŊŗŀŒľƟĕƟŀĴŌĸĪňŗŐĽħĚĭĬľĬƟŅěŀĴŊŀĩŊŀŏĮƦĬĮƤěěŋĭńĬŏĽĴŀȮįŌƟĺŇěńĵœħƟĔņľĬħĝƞĺĚŏĺĸŅĔŅĶĽƞĚĕƟŀĴŌĸȮ&Data 
logging interval) ĪŋĔȮ10 ĬŅĪňȮ&ĽŅĴŅĶĩĮĶńĭŏĮĸňŗĵĬœħƟ'ȮŏıŊŗŀœĴƞŒľƟŏĔŇħĳŅĶŃĽƞĚĕƟŀĴŌĸĭƞŀĵŏĔŇĬœĮȮŒĬ
ĔĶĦňĪňŗĕƟŀĴŌĸœĴƞŏĮĸňŗĵĬŐĮĸĚĜńĭıĸńĬȮĔŅĶĽƞĚĕƟŀĴŌĸĪńŘĚĽŀĚĝƞŀĚĪŅĚĬňŘĪņŒľƟĴńŗĬŒěĺƞŅ ĕƟŀĴŌĸĔŅĶŀĭŐľƟĚĩŌĔ
ĭńĬĪŉĔœĺƟėĶĭĩƟĺĬ ĽŅĴŅĶĩŏĶňĵĔħŌĵƟŀĬľĸńĚœħƟȮŐĸŃįŌƟŒĝƟĔŖœħƟĶńĭĕƟŀĴŌĸŏĶňĵĸœĪĴƢœĮıĶƟŀĴĔńĬ 

 ŒĬĔŅĶıńĥĬŅőĮĶŐĔĶĴȮįŌƟĺŇěńĵœħƟĪħĽŀĭĔŅĶĪņĚŅĬĕŀĚŐĨƞĸŃĽƞĺĬŐĵĔĵƞŀĵȮŏĝƞĬȮĔŅĶŀƞŅĬėƞŅ
ěŅĔŏĞŖĬŏĞŀĶƢȮĔŅĶĽńŗĚĚŅĬĶňŏĸĵƢȮĔŅĶŏĝŊŗŀĴĨƞŀŀŇĬŏĪŀĶƢŏĬŖĨȮŐĸŃĔŅĶĽƞĚĕƟŀĴŌĸœĮĵńĚȮBlynk/Google 
Sheets ĭĬőĨƠŃĪħĸŀĚȮ&bench test) ĔƞŀĬȮŏĴŊŗŀĨĶĺěĽŀĭĺƞŅŐĨƞĸŃĽƞĺĬĪņĚŅĬĩŌĔĨƟŀĚĨŅĴĪňŗėŅħŐĸƟĺȮ
ěŉĚĶĺĴőėƟħĽƞĺĬĨƞŅĚŕȮŏĕƟŅħƟĺĵĔńĬŏĮƦĬőĮĶŐĔĶĴľĸńĔĕŀĚĶŃĭĭȮěŅĔĬńŘĬœħƟĪņĔŅĶŀńĮőľĸħőĮĶŐĔĶĴĸĚ
ĭĬĭŀĶƢħȮESP32 ŏıŊŗŀŏĨĶňĵĴĬņœĮĨŇħĨńŘĚěĶŇĚŒĬőĶĚŀĭŐľƟĚȮĔŅĶĪħĽŀĭŏĭŊŘŀĚĨƟĬŐĽħĚŒľƟŏľŖĬĺƞŅ
őĮĶŐĔĶĴĽŅĴŅĶĩėĺĭėŋĴıńħĸĴĨŅĴėƞŅėĺŅĴĝŊŘĬĪňŗĨńŘĚœĺƟœħƟŀĵƞŅĚĩŌĔĨƟŀĚȮŐĸŃĽƞĚĕƟŀĴŌĸĕŉŘĬėĸŅĺħƢ-ŐŀĮ
œħƟĽņŏĶŖěȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ2,1 
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2,0,2ȮĔŅĶĨŇħĨńŘĚĶŃĭĭŒĬőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢ 

 įŌƟĺŇěńĵœħƟĬņĶŃĭĭĨƟĬŐĭĭĪňŗĪņĔŅĶĮĶŃĔŀĭĺĚěĶŐĸŃĪħĽŀĭėĺŅĴıĶƟŀĴĕŀĚĶŃĭĭŏĶňĵĭĶƟŀĵ
ŐĸƟĺĬņœĮĨŇħĨńŘĚŒĬőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĕŀĚĔĸŋƞĴĺŇĽŅľĔŇěĝŋĴĝĬĔŅŐĲĶńļġŅ ŏıŊŗŀŒĝƟĚŅĬěĶŇĚ
őħĵĔŅĶĨŇħĨńŘĚěńħĺŅĚŀŋĮĔĶĦƢĨƞŅĚŕȮŒĬĨņŐľĬƞĚĪňŗŏľĴŅŃĽĴĳŅĵŒĬőĶĚŀĭŐľƟĚĪňŗœħƟĺŅĚŐįĬŀŀĔŐĭĭœĺƟȮ
ħńĚŐĽħĚŒĬĳŅıĪňŗȮ2,2ȮůȮ2,6 

 

 

ĳŅıĪňŗȮ4.3ȮĔŅĶĪħĽŀĭĶŃĭĭėĺĭėŋĴœŀőŀĪň ĔƞŀĬĬņœĮĨŇħĨńŘĚěĶŇĚ 

ĳŅıĪňŗȮ4.2ȮĔŅĶĮĶŃĔŀĭĺĚěĶŀŋĮĔĶĦƢĕŀĚĶŃĭĭėĺĭėŋĴœŀőŀĪň 
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ĳŅıĪňŗȮ4.4ȮĔŅĶĨŇħĨńŘĚŀŋĮĔĶĦƢĕŀĚĶŃĭĭėĺĭėŋĴœŀőŀĪň ŒĬőĶĚŀĭŐľƟĚł 

ĳŅıĪňŗȮ4.3ȮĔŅĶĪņĚŅĬĕŀĚįŌƟĺŇěńĵŒĬĔŅĶĨŇħĨńŘĚĶŃĭĭ 
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ĳŅıĪňŗȮ4.5ȮȮőĶĚŀĭŐľƟĚŏĴĸŖħĔŅŐĲȮĔƞŀĬĨŇħĨńŘĚĶŃĭĭœŀőŀĪň 

 ȮȮȮȮȮȮ(Ĕ)ȮĳŅĵĬŀĔőĶĚŀĭŐľƟĚȮ &ĕ'ȮĳŅĵŒĬőĶĚŀĭŐľƟĚ 

&Ĕ' &ĕ' 

&Ĕ' &ĕ' 

ĳŅıĪňŗȮ4.6ȮȮőĶĚŀĭŐľƟĚŏĴĸŖħĔŅŐĲȮľĸńĚĨŇħĨńŘĚĶŃĭĭœŀőŀĪň  

 ȮȮȮȮȮȮ(Ĕ)ȮĳŅĵĬŀĔőĶĚŀĭŐľƟĚȮ &ĕ'ȮĳŅĵŒĬőĶĚŀĭŐľƟĚ 
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2,0,1ȮĔŅĶŐĽħĚįĸŐĸŃėĺĭėŋĴĶŃĭĭȮĕŀĚŐŀĮıĸŇŏėĝńĬȮBlynk 

 ŒĬĔŅĶıńĥĬŅĶŃĭĭĨŇħĨŅĴŐĸŃėĺĭėŋĴĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲħƟĺĵŏĪėőĬőĸĵňȮIoT įŌƟĺŇěńĵœħƟ
ŏĸŊŀĔŒĝƟŐŀĮıĸŇŏėĝńĬȮBlynk ŏĮƦĬŏėĶŊŗŀĚĴŊŀľĸńĔŒĬĔŅĶŐĽħĚįĸĕƟŀĴŌĸŐĸŃėĺĭėŋĴĔŅĶĪņĚŅĬĕŀĚĶŃĭĭ
ěŅĔĶŃĵŃœĔĸȮőħĵȮBlynk ĪņľĬƟŅĪňŗŏĝŊŗŀĴĨƞŀĔńĭŀŋĮĔĶĦƢŏĞŖĬŏĞŀĶƢĺńħŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬĳŅĵŒĬőĶĚ
ŀĭįƞŅĬĶŃĭĭŏėĶŊŀĕƞŅĵŀŇĬŏĪŀĶƢŏĬŖĨȮŐĸŃŐĽħĚĕƟŀĴŌĸŐĭĭŏĶňĵĸœĪĴƢįƞŅĬŀŇĬŏĪŀĶƢŏĲĞĪňŗŀŀĔŐĭĭŒľƟŒĝƟ
ĚŅĬĚƞŅĵȮĭĬĽĴŅĶƢĨőĲĬľĶŊŀŐĪŖĭŏĸŖĨ 

 ŒĬĽƞĺĬĕŀĚĔŅĶŐĽħĚįĸȮŐŀĮıĸŇŏėĝńĬěŃŐĽħĚėƞŅėĺŅĴĝŊŘĬĽńĴıńĪīƢȮ&Relative Humidity) 
ŐĸŃŀŋĦľĳŌĴŇȮ&Temperature) ŐĭĭĨńĺŏĸĕħŇěŇĪńĸȮıĶƟŀĴĔĶŅĲŐĽħĚŐĬĺőĬƟĴĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚ
ĽĳŅıŐĺħĸƟŀĴĨĸŀħĶŃĵŃŏĺĸŅĔŅĶŀĭŐľƟĚȮĬŀĔěŅĔĬňŘĵńĚĴňĲƤĚĔƢĝńĬėĺĭėŋĴĪňŗįŌƟŒĝƟĚŅĬĽŅĴŅĶĩĽńŗĚĔŅĶ
ŏĮƕħ+ĮƕħıńħĸĴĶŃĭŅĵŀŅĔŅĻȮľĶŊŀĔņľĬħėƞŅĔŅĶĪņĚŅĬŀńĨőĬĴńĨŇŏĴŊŗŀėĺŅĴĝŊŘĬŏĔŇĬėƞŅĪňŗĨńŘĚœĺƟœħƟĪńĬĪň
įƞŅĬľĬƟŅěŀȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ2,7ȮŐĸŃȮ2,/. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ĨńŘĚŏĺĸŅȮŏĮƕħ-ĮƕħȮĶŃĭĭł 

ĮĶńĭėƞŅœħƟ 
ŐĽħĚœĲĽĩŅĬŃĔŅĶĪņĚŅĬĶŃĭĭ 

ĨńŘĚėƞŅėĺŅĴĝŊŘĬĪňŗĨƟŀĚĔŅĶ 

ŐĽħĚįĸėĺŅĴĝŊŘĬĪňŗĺńħœħƟ 

ŒĬĶŌĮŐĭĭĨńĺŏĸĕȮ 

Real - Time 

ĳŅıĪňŗȮ2,7ȮĔŅĶŐĽħĚįĸŐĸŃėĺĭėŋĴĶŃĭĭȮĕŀĚŐŀĮıĸŇŏėĝńĬȮBlynkȮ&/' 
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 ŐŀĮıĸŇŏėĝńĬȮBlynk ĴňĭĪĭŅĪĽņėńĠŀĵƞŅĚĵŇŗĚŒĬĔŅĶıńĥĬŅĶŃĭĭȮIoT ĽņľĶńĭőĶĚŀĭŐľƟĚ
ıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮőħĵĪņľĬƟŅĪňŗŏĮƦĬŀŇĬŏĪŀĶƢŏĲĞĔĸŅĚŒĬĔŅĶĽŊŗŀĽŅĶĶŃľĺƞŅĚįŌƟŒĝƟĚŅĬĔńĭŀŋĮĔĶĦƢ
ĳŅėĽĬŅĴįƞŅĬĶŃĭĭŏėĶŊŀĕƞŅĵŀŇĬŏĪŀĶƢŏĬŖĨŒĬĶŌĮŐĭĭŏĶňĵĸœĪĴƢȮŒĬĴŋĴĴŀĚĪŅĚĺŇĻĺĔĶĶĴŀŋĨĽŅľĔŅĶȮ
Blynk ĝƞĺĵĽĬńĭĽĬŋĬŐĬĺėŇħĔŅĶŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĔĶŃĭĺĬĔŅĶȮ&Process Optimization) ŐĸŃĔŅĶ
ĸħėĺŅĴĽŌĠŏĮĸƞŅȮ&Waste Reduction) őħĵĝƞĺĵĸħėĺŅĴěņŏĮƦĬŒĬĔŅĶŏħŇĬĨĶĺěĽĳŅıħƟĺĵĨĬŏŀĚȮ
&Motion Waste), ĸħŏĺĸŅŒĬĔŅĶĨŀĭĽĬŀĚĨƞŀĔŅĶŏĮĸňŗĵĬŐĮĸĚĽĳŅıŐĺħĸƟŀĴȮ&Waiting Waste) 
ŐĸŃĸħĕƟŀįŇħıĸŅħĪňŗŏĔŇħěŅĔĔŅĶĨĶĺěĽŀĭħƟĺĵĴŊŀȮ&Defect Waste)ȮȮĬŀĔěŅĔĬňŘȮBlynk ĵńĚĝƞĺĵȮ
Simplify ĺŇīňĔŅĶĪņĚŅĬħƟĺĵĔŅĶŀŀĔŐĭĭŀŇĬŏĪŀĶƢŏĲĞĪňŗŒĝƟĚŅĬĚƞŅĵȮĶŀĚĶńĭĔŅĶėĺĭėŋĴıńħĸĴĶŃĭŅĵ

ŐĽħĚįĸŀŋĦĳŌĴŇĪňŗĺńħœħƟ 

ŒĬĶŌĮŐĭĭĨńĺŏĸĕŐĸŃĔĶŅĲ 

Real-Time 

ŐĽħĚįĸıŅĶŅĴŇŏĨŀĶƢ 

ĪŅĚœĲĲƚŅĪňŗĶŃĭĭŒĝƟ 

ĳŅıĪňŗȮ4./.ȮĔŅĶŐĽħĚįĸŐĸŃėĺĭėŋĴĶŃĭĭȮĕŀĚŐŀĮıĸŇŏėĝńĬȮBlynkȮ&0' 
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ŀŅĔŅĻĨŅĴėƞŅėĺŅĴĝŊŘĬĪňŗœħƟĨńŘĚœĺƟŐĸŃĔŅĶĨńŘĚėƞŅĶŃĭĭŀńĨőĬĴńĨŇœħƟįƞŅĬĽĴŅĶƢĪőĲĬȮĪņŒľƟĽŅĴŅĶĩėĺĭėŋĴ
ĔĶŃĭĺĬĔŅĶįĸŇĨœħƟŀĵƞŅĚŐĴƞĬĵņȮŐĴƟŒĬĽĳŅĺŃĪňŗœĴƞĴňŐĶĚĚŅĬŏİƚŅĨĸŀħŏĺĸŅȮěŉĚĩŊŀŏĮƦĬŏėĶŊŗŀĚĴŊŀĽņėńĠ
ĪňŗĽƞĚŏĽĶŇĴŒľƟőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĴňėĺŅĴĵŊħľĵŋƞĬȮ&Flexibility), ėĺŅĴĶĺħŏĶŖĺŒĬĔŅĶ
ĨŀĭĽĬŀĚȮ&Responsiveness) ŐĸŃėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŏıŇŗĴįĸįĸŇĨȮ&Productivity) ĞŉŗĚŏĮƦĬľĸńĔĔŅĶ
ıŊŘĬģŅĬŒĬĔŅĶŀŀĔŐĭĭĶŃĭĭŀŋĨĽŅľĔĶĶĴĽĴńĵŒľĴƞ 

2,0,2ȮĔŅĶĭńĬĪŉĔįĸĭĬȮGoogle Sheet 

 ŒĬĔŅĶıńĥĬŅĶŃĭĭĨŇħĨŅĴŐĸŃėĺĭėŋĴĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲȮįŌƟĺŇěńĵœħƟŀŀĔŐĭĭĶŃĭĭŒľƟ
ĽŅĴŅĶĩĽƞĚėƞŅĕƟŀĴŌĸĪňŗœħƟěŅĔŏĞŖĬŏĞŀĶƢȮŏĝƞĬȮŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬĽńĴıńĪīƢȮĳŅĵŒĬőĶĚŀĭŐľƟĚȮœĮĵńĚȮ
Google Sheet įƞŅĬĔŅĶŏĝŊŗŀĴĨƞŀŏėĶŊŀĕƞŅĵŀŇĬŏĪŀĶƢŏĬŖĨőħĵŀńĨőĬĴńĨŇȮŏıŊŗŀĪņľĬƟŅĪňŗŏĮƦĬģŅĬĕƟŀĴŌĸȮ
&Data Logging) ĽņľĶńĭĔŅĶĭńĬĪŉĔŐĸŃĺŇŏėĶŅŃľƢĵƟŀĬľĸńĚȮĔŅĶĭńĬĪŉĔįĸŒĬȮGoogle Sheet ĴňĔŅĶĨńŘĚ
ėƞŅŒľƟŀńĮŏħĨĕƟŀĴŌĸŐĭĭŏĶňĵĸœĪĴƢĪŋĔĝƞĺĚŏĺĸŅĪňŗĔņľĬħȮ&ŏĝƞĬȮĪŋĔȮŕȮ/. ĬŅĪň'ȮőħĵĕƟŀĴŌĸĪňŗĭńĬĪŉĔ
ĮĶŃĔŀĭħƟĺĵĺńĬŏĺĸŅȮ&Time stamp), ėƞŅėĺŅĴĝŊŘĬĽńĴıńĪīƢȮ&RH), ŐĸŃėƞŅŀŋĦľĳŌĴŇȮ&Temperature)*Ȯ
ėƞŅĔņĸńĚœĲĲƚŅĪňŗĶŃĭĭŒĝƟ &Power' ĞŉŗĚĝƞĺĵŒľƟįŌƟĺŇěńĵĽŅĴŅĶĩĨŇħĨŅĴŐĬĺőĬƟĴĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚ
ĽĳŅıŐĺħĸƟŀĴĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶŀĭŐľƟĚœħƟŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮĪńŘĚĵńĚĽŅĴŅĶĩĬņĕƟŀĴŌĸœĮĺŇŏėĶŅŃľƢ
ŏıŇŗĴŏĨŇĴȮŏĝƞĬȮĔŅĶľŅėƞŅŏĜĸňŗĵ, ĔŅĶėņĬĺĦŀńĨĶŅĔŅĶĸħėĺŅĴĝŊŘĬ, ĔŅĶĮĶŃŏĴŇĬĮĶŃĽŇĪīŇĳŅıĔŅĶ
ėĺĭėŋĴĕŀĚĶŃĭĭ ľĶŊŀıĸńĚĚŅĬœĲĲƚŅĪňŗŒĝƟĨƞŀŏħŊŀĬȮħńĚŐĽħĚŒĬĶŌĮĪňŗȮ2,//Ȯ 

 

 

 

 

 

 

 

 

 

 

ĳŅıĪňŗȮ4.//ȮĔŅĶĭńĬĪŉĔįĸĭĬȮGoogle Sheet 
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 ĔŅĶŒĝƟȮGoogle Sheet ŏĮƦĬģŅĬĕƟŀĴŌĸĔĸŅĚĴňĕƟŀħňėŊŀȮĽŅĴŅĶĩŏĕƟŅĩŉĚĕƟŀĴŌĸœħƟĪŋĔĪňŗįƞŅĬĶŃĭĭ
ėĸŅĺħƢ* ĶŀĚĶńĭĔŅĶĪņĚŅĬŐĭĭŏĶňĵĸœĪĴƢȮŐĸŃĚƞŅĵĨƞŀĔŅĶĬņĕƟŀĴŌĸœĮŒĝƟĺŇŏėĶŅŃľƢľĶŊŀěńħĪņĶŅĵĚŅĬ
ĨƞŀœĮȮĽƞĚįĸŒľƟĔĶŃĭĺĬĔŅĶĨŇħĨŅĴĮĶŃĽŇĪīŇĳŅıĕŀĚĔŅĶŀĭŐľƟĚĴňėĺŅĴĶĺħŏĶŖĺŐĸŃŐĴƞĬĵņĵŇŗĚĕŉŘĬ 

2,0,3ȮĔŅĶİƗĔŀĭĶĴŐĸŃĩƞŅĵĪŀħĺŇīňĔŅĶŒĝƟĚŅĬŐĔƞĔĸŋƞĴŏĔļĨĶĔĶ 

 įŌƟĺŇěńĵœħƟħņŏĬŇĬĔŅĶİƗĔŀĭĶĴŐĸŃĩƞŅĵĪŀħĺŇīňĔŅĶŒĝƟĚŅĬĶŃĭĭėĺĭėŋĴőĶĚŀĭŐľƟĚĪňŗıńĥĬŅĕŉŘĬ
ŒľƟĔńĭĽĴŅĝŇĔĕŀĚĔĸŋƞĴĺŇĽŅľĔŇěĝŋĴĝĬĔŅŐĲĶńļġŅłȮŐĸŃįŌƟĪňŗŏĔňŗĵĺĕƟŀĚȮ(ħńĚŐĽħĚŒĬĳŅıĪňŗȮ2,/0ȮŐĸŃȮ
2,/1)ȮĔŅĶİƗĔŀĭĶĴĬňŘěńħĕŉŘĬĳŅĵľĸńĚĔŅĶĨŇħĨńŘĚĶŃĭĭŐĸŃĪħĽŀĭěĬıĶƟŀĴŒĝƟĚŅĬȮĞŉŗĚŏĬŊŘŀľŅĔŅĶŀĭĶĴ
ĮĶŃĔŀĭħƟĺĵ 

&/'ȮŀīŇĭŅĵľĸńĔĔŅĶĪņĚŅĬĕŀĚĶŃĭĭȮIoT ĪňŗıńĥĬŅȮĨńŘĚŐĨƞĔŅĶĪņĚŅĬĕŀĚŏĞŖĬŏĞŀĶƢȮĔŅĶ
ėĺĭėŋĴıńħĸĴŀńĨőĬĴńĨŇȮĨĸŀħěĬĔŅĶĽŊŗŀĽŅĶĕƟŀĴŌĸįƞŅĬŀŇĬŏĪŀĶƢŏĬŖĨœĮĵńĚŐŀĮıĸŇŏėĝńĬȮŒľƟįŌƟŏĕƟŅĶńĭĔŅĶ
ŀĭĶĴŏĕƟŅŒěĳŅıĶĺĴĕŀĚĶŃĭĭ 

&0'ȮŐĬŃĬņĺŇīňĔŅĶŒĝƟĚŅĬŐŀĮȮBlynk ĭĬőĪĶĻńıĪƢĴŊŀĩŊŀȮőħĵŒľƟįŌƟŏĕƟŅĶƞĺĴĪħĸŀĚŏĮƕħħŌȮ
Dashboard ĕŀĚőĶĚŀĭŐľƟĚĨĬŏŀĚĭĬĽĴŅĶƢĪőĲĬȮĔŅĶŀƞŅĬėƞŅŀŋĦľĳŌĴŇ-ėĺŅĴĝŊŘĬȮĔŅĶĨňėĺŅĴĔĶŅĲ
ľĶŊŀĕƟŀĴŌĸĪňŗŐĽħĚĭĬľĬƟŅěŀȮŐĸŃĔŅĶĽńŗĚĚŅĬľĶŊŀĨńŘĚėƞŅĨƞŅĚȮŕȮįƞŅĬŐŀĮıĸŇŏėĝńĬȮBlynkȮŏĝƞĬȮĔŅĶ
ŏĮĸňŗĵĬėƞŅėĺŅĴĝŊŘĬĪňŗĨƟŀĚĔŅĶȮľĶŊŀĔŅĶĽńŗĚŏĮƕħıńħĸĴŐĭĭŐĴĬĬĺĸȮŐĸŃĔŅĶĨńŘĚŏĺĸŅŏĮƕħ-ĮƕħĶŃĭĭł 

&1'ȮĽŀĬĺŇīňĔŅĶħŌĕƟŀĴŌĸĵƟŀĬľĸńĚĪňŗĭńĬĪŉĔĭĬȮGoogle Sheets ŏįŊŗŀŒĬĔĶĦňĪňŗĨƟŀĚĔŅĶĺŇŏėĶŅŃľƢ
ĕƟŀĴŌĸŏŀĚȮľĶŊŀĔĶĦňĪňŗĨƟŀĚĔŅĶĶŅĵĚŅĬįĸĔŅĶŀĭŐľƟĚȮŏĝƞĬȮĺŇīňŏĮƕħœĲĸƢĽŏĮĶħĝňĨĪňŗĭńĬĪŉĔĕƟŀĴŌĸȮĺŇīňĔĶŀĚ
ľĶŊŀėńħĸŀĔĕƟŀĴŌĸœĮŒĝƟĚŅĬĨƞŀ 

&2'ȮĽŅīŇĨŐĸŃİƗĔĮĢŇĭńĨŇĔŅĶŒĝƟĚŅĬěĶŇĚȮŏĝƞĬȮŒľƟĽĴŅĝŇĔĸŀĚĪņĔŅĶĨŅĔŏĴĸŖħĔŅŐĲŒĬőĶĚŀĭĪňŗ
ĨŇħĨńŘĚĶŃĭĭŐĸƟĺȮőħĵĴňĔŅĶĽńĚŏĔĨĸńĔļĦŃĔŅĶĪņĚŅĬŀńĨőĬĴńĨŇĕŀĚıńħĸĴŏĴŊŗŀėĺŅĴĝŊŘĬĽŌĚĕŉŘĬȮľĶŊŀĔŅĶ
ŐěƟĚŏĨŊŀĬŒĬŐŀĮıĸŇŏėĝńĬȮBlynkȮŏıŊŗŀĽĶƟŅĚėĺŅĴėŋƟĬŏėĵŒĬĔŅĶŒĝƟĚŅĬěĶŇĚ 

&3'ȮŀīŇĭŅĵĕƟŀėĺĶĶŃĺńĚŒĬĔŅĶŒĝƟĚŅĬȮŏĝƞĬȮĔŅĶĨĶĺěĽŀĭĽĩŅĬŃœĲĲƚŅĕŀĚĶŃĭĭȮĔŅĶ
ĭņĶŋĚĶńĔļŅŏĞŖĬŏĞŀĶƢȮ&ŏĝƞĬȮľŅĔŏĞŖĬŏĞŀĶƢĽĔĮĶĔėĺĶĪņėĺŅĴĽŃŀŅħŀĵƞŅĚœĶ'ȮŐĸŃĕńŘĬĨŀĬĪňŗėĺĶĮĢŇĭńĨŇ
ľŅĔĶŃĭĭŀŇĬŏĪŀĶƢŏĬŖĨĕńħĕƟŀĚľĶŊŀŀŋĮĔĶĦƢœĴƞĨŀĭĽĬŀĚȮ&ĴňŐįĬĽņĶŀĚȮŏĝƞĬȮĔŅĶėĺĭėŋĴıńħĸĴŐĭĭ
ŐĴĬĬĺĸŐĪĬ' 

ľĸńĚĔŅĶİƗĔŀĭĶĴȮĽĴŅĝŇĔĔĸŋƞĴŏĔļĨĶĔĶœħƟĪħĸŀĚŒĝƟĚŅĬĶŃĭĭħƟĺĵĨĬŏŀĚŒĬĔŅĶįĸŇĨěĶŇĚȮĞŉŗĚ
įŌƟĺŇěńĵœħƟŏİƚŅĽńĚŏĔĨŐĸŃŒľƟėņĮĶŉĔļŅŀĵŌƞĶŃĵŃľĬŉŗĚěĬĴńŗĬŒěĺƞŅĽĴŅĝŇĔĽŅĴŅĶĩŒĝƟĶŃĭĭœħƟŀĵƞŅĚĩŌĔĨƟŀĚȮ
ĪńŘĚĬňŘȮĔŅĶĴňĽƞĺĬĶƞĺĴĕŀĚįŌƟŒĝƟĚŅĬĨńŘĚŐĨƞĕńŘĬĨŀĬĨƟĬĬŘņĬňŘȮĝƞĺĵĽĶƟŅĚėĺŅĴėŋƟĬŏėĵŐĸŃĵŀĴĶńĭŒĬŏĪėőĬőĸĵň
ŒľĴƞȮĪņŒľƟĔŅĶĩƞŅĵĪŀħŏĪėőĬőĸĵňŏĮƦĬœĮŀĵƞŅĚĶŅĭĶŊŗĬȮ 
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ĳŅıĪňŗȮ4.10ȮĔŅĶİƗĔŀĭĶĴŐĸŃĩƞŅĵĪŀħĺŇīňĔŅĶŒĝƟĚŅĬĶŃĭĭėĺĭėŋĴőĶĚŀĭŐľƟĚȮ&/' 

ĳŅıĪňŗȮ4.11ȮĔŅĶİƗĔŀĭĶĴŐĸŃĩƞŅĵĪŀħĺŇīňĔŅĶŒĝƟĚŅĬĶŃĭĭėĺĭėŋĴőĶĚŀĭŐľƟĚȮ&0' 
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2,0,4ȮŀŋĮĔĶĦƢŐĸŃĚĭĮĶŃĴŅĦĽņľĶńĭĶŃĭĭȮIoT 
 ěŅĔĨŅĶŅĚĪňŗȮ2,0ȮĶŅĵĔŅĶĮĶŃĴŅĦĶŅėŅėƞŅŀŋĮĔĶĦƢŐĸŃĔŅĶĨŇħĨńŘĚĶŃĭĭėĺĭėŋĴŐĸŃĨŇħĨŅĴ
őĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢħƟĺĵŏĪėőĬőĸĵňȮIoT ıĭĺƞŅȮĔŅĶěńħĞŊŘŀėĶŀĭėĸŋĴĪńŘĚŁŅĶƢħŐĺĶƢėĺĭėŋĴ
ľĸńĔȮŏĝƞĬȮĭŀĶƢħȮTiny10, ŏĞĬŏĞŀĶƢĺńħŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬȮ&WTR/.+E), ŀŋĮĔĶĦƢĺńħıĸńĚĚŅĬœĲĲƚŅȮ
&PZEM-./4', ĝŋħĮƚŀĚĔńĬĽĳŅıŐĺħĸƟŀĴȮ&Radiation Shield), ŐĸŃŀŋĮĔĶĦƢĶŀĚĶńĭĔŅĶŏĝŊŗŀĴĨƞŀ
ŏėĶŊŀĕƞŅĵŀŇĬŏĪŀĶƢŏĬŖĨȮŏĝƞĬȮWi-Fi Repeater őħĵĴňĔŅĶĶĺĴėƞŅŀŋĮĔĶĦƢŏĝŊŗŀĴĨƞŀȮĶŃĭĭœĲĲƚŅȮ
ĽŅĵĽńĠĠŅĦȮĶŃĭĭĨŌƟėĺĭėŋĴȮĨĸŀħěĬėƞŅĨŇħĨńŘĚŐĸŃĮĶŃĔŀĭŀŋĮĔĶĦƢŏĕƟŅħƟĺĵĔńĬĪńŘĚľĴħȮŒĬĶŅėŅĶĺĴ
ĳŅļňĴŌĸėƞŅŏıŇŗĴŏĮƦĬĵŀħĚĭĮĶŃĴŅĦĶĺĴĪńŘĚĽŇŘĬŀĵŌƞĪňŗȮ24,/20,46ȮĭŅĪȮĞŉŗĚĽŃĪƟŀĬĩŉĚĶŅėŅĨƟĬĪŋĬĕŀĚ
ĶŃĭĭĪňŗėĺĭėŋĴħƟĺĵŏĪėőĬőĸĵňȮIoT ĵńĚĴňĴŌĸėƞŅĽŌĚŏĮƦĬįĸĪņŒľƟĨƟĬĪŋĬŒĬĔŅĶĸĚĪŋĬĬńŘĬĽŌĚŏĔŇĬœĮĽņľĶńĭ
ĺŇĽŅľĔŇěĕĬŅħŏĸŖĔȮĞŉŗĚĽŅĴŅĶĩĸħŀŋĮĔĶĦƢŒĬĔŅĶĨĶĺěĺńħŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬĸĚŒľƟŏľĸŊŀŐėƞœĴƞŏĔŇĬ
ĽŀĚěŋħĳŅĵŒĬőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĕĬŅħȮ3ȮxȮ4 ŏĴĨĶȮŐĸŃĨŇħĨńŘĚĝŋħėĺĭėŋĴıńħĸĴĶŃĭŅĵ
ŀŅĔŅĻŀńĨőĬĴńĨŇŏĪƞŅĬńŘĬĔŖŏıňĵĚıŀŐĸŃĪņŒľƟŏĮƦĬĪňŗĬƞŅĽĬŒěĨƞŀĔŅĶĸĚĪŋĬĨƞŀœĮ 

ĨŅĶŅĚĪňŗȮ4.2ȮĶŅĵĸŃŏŀňĵħĚĭĮĶŃĴŅĦĔŅĶĨŇħĨńŘĚĶŃĭĭ 
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2,1ȮĕƟŀĴŌĸĽĳŅĺŃĔŅĶŀĭŐľƟĚěŅĔĶŃĭĭȮIoT 
 ŒĬĔŅĶĪħĸŀĚľĸńĚĮĶńĭĮĶŋĚĶŃĭĭȮIoT ĪňŗıńĥĬŅĕŉŘĬœħƟĨŇħĨńŘĚŏĞŖĬŏĞŀĶƢĺńħŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬ
ĳŅĵŒĬőĶĚŀĭŐľƟĚŏıŊŗŀĭńĬĪŉĔĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚĽĳŅĺŃĶŃľĺƞŅĚĔŅĶŀĭŏĴĸŖħĔŅŐĲĨĸŀħŏĺĸŅȮőħĵ
ĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲŒĬőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĕŀĚĔĸŋƞĴĺŇĽŅľĔŇěĝŋĴĝĬĔŅŐĲĶńļġŅłȮě,ĨĶńĚȮ
ŒĬĶŃĵŃĝƞĺĚŏĺĸŅĺńĬĪňŗȮ05ȮĴĔĶŅėĴȮ0346ȮĩŉĚȮĺńĬĪňŗȮ3ȮĔŋĴĳŅıńĬīƢȮ0346ȮŏĮƦĬŏĺĸŅĪńŘĚĽŇŘĬȮ/.ȮĺńĬȮőħĵȮ
ĕƟŀĴŌĸŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬĪňŗĺńħœħƟȮěŃĩŌĔĽƞĚœĮĭńĬĪŉĔĵńĚĶŃĭĭėĸŅĺħƢŒĬĶŌĮŐĭĭĕŀĚȮGoogle sheetȮ
ĪňŗĽŅĴŅĶĩħŉĚĴŅĺŇŏėĶŅŃľƢŏĮƦĬĔĶŅĲŐĽħĚŐĬĺőĬƟĴĕŀĚėƞŅĨƞŅĚŕȮħńĚĳŅıĪňŗȮ2,/2ȮȮŐĸŃȮ2,/3Ȯ 

  

 

 

 

 

 

 

 

 

 

ȮȮȮȮȮȮȮȮȮȮȮȮĳŅıĪňŗȮ4.12ȮŐĬĺőĬƟĴėĺŅĴĝŊŘĬŒĬĔĶŃĭĺĬĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲ 
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ĳŅıĪňŗȮ4.13ȮŐĬĺőĬƟĴĕŀĚŀŋĦľĳŌĴŇŒĬĔĶŃĭĺĬĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲ 
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 ěŅĔĔŅĶĺŇŏėĶŅŃľƢĔĶŅĲĪňŗŐĽħĚĩŉĚĽĳŅĺŃĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲĪňŗėĺĭėŋĴħƟĺĵĶŃĭĭȮIoT 
ĨĸŀħĝƞĺĚŏĺĸŅȮ10 ĺńĬȮıĭĺƞŅĴňėĺŅĴŏĝŊŗŀĴőĵĚĪňŗĝńħŏěĬĶŃľĺƞŅĚŀŋĦľĳŌĴŇȮŐĸŃėƞŅėĺŅĴĝŊŘĬŒĬŏĴĸŖħĔŅŐĲȮ
ĞŉŗĚĸƟĺĬŏĮƦĬĮƤěěńĵĽņėńĠĪňŗĽŃĪƟŀĬĮĶŃĽŇĪīŇĳŅıĕŀĚĔĶŃĭĺĬĔŅĶŀĭŐľƟĚľĸńĚěŅĔĔŅĶĮĶńĭĮĶŋĚĶŃĭĭȮ
ĳŅıĪňŗȮ2,/2 ŐĽħĚŒľƟŏľŖĬĺƞŅŐĬĺőĬƟĴėĺŅĴĝŊŘĬĳŅĵŒĬőĶĚŀĭĴňĔŅĶĸħĸĚŀĵƞŅĚĨƞŀŏĬŊŗŀĚĨńŘĚŐĨƞĝƞĺĚŏĝƟŅĩŉĚ
ĝƞĺĚĭƞŅĵȮőħĵŏĜıŅŃŒĬĝƞĺĚŏĺĸŅȮ11.00ů15.00 Ĭ,ȮĞŉŗĚĽńĴıńĬīƢőħĵĨĶĚĔńĭĔĶŅĲĳŅıĪňŗȮ2,/3 ĪňŗŐĽħĚ

ŀŋĦľĳŌĴŇĳŅĵŒĬőĶĚŀĭĞŉŗĚŏıŇŗĴĕŉŘĬĽŌĚĽŋħŒĬĝƞĺĚŏĺĸŅŏħňĵĺĔńĬȮőħĵĴňėƞŅĽŌĚĽŋħĩŉĚĮĶŃĴŅĦȮ65�×°C ŒĬĭŅĚĺńĬȮ
ĽƞĚįĸŒľƟŀńĨĶŅĔŅĶĶŃŏľĵĕŀĚĬŘņŒĬŏĴĸŖħĔŅŐĲŏĮƦĬœĮŀĵƞŅĚĶĺħŏĶŖĺȮ 

 ŏĴŊŗŀĬņėƞŅėĺŅĴĝŊŘĬĨŗņĽŋħŐĸŃŀŋĦľĳŌĴŇĽŌĚĽŋħĕŀĚŐĨƞĸŃĺńĬĴŅŏĮĶňĵĭŏĪňĵĭĔńĬȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ
2,/4ȮěŃŐĽħĚŒľƟŏľŖĬĩŉĚŐĬĺőĬƟĴĸħĸĚĕŀĚėƞŅėĺŅĴĝŊŘĬŒĬŏĴĸŖħĔŅŐĲŀĵƞŅĚĨƞŀŏĬŊŗŀĚěŅĔĮĶŃĴŅĦȮ47% 
ŏľĸŊŀŏıňĵĚȮ12% ĳŅĵŒĬĺńĬĪňŗȮ10 ĞŉŗĚĩŊŀŏĮƦĬėƞŅĴŅĨĶģŅĬĪňŗĨƟŀĚĔŅĶȮĔŅĶėĺĭėŋĴŀŋĦľĳŌĴŇŒľƟŀĵŌƞŒĬĶŃħńĭ
ĪňŗŏľĴŅŃĽĴőħĵœĴƞĽŌĚŏĔŇĬœĮȮĝƞĺĵľĸňĔŏĸňŗĵĚĔŅĶŐĨĔĶƟŅĺĕŀĚŏĴĸŖħľĶŊŀĶĽĝŅĨŇĪňŗŏĽňĵȮĽĶŋĮœħƟĺƞŅĔŅĶ
ŏĝŊŗŀĴőĵĚĕŀĚėƞŅŀŋĦľĳŌĴŇȮŐĸŃėƞŅėĺŅĴĝŊŘĬŒĬŏĴĸŖħĔŅŐĲĽŃĪƟŀĬŒľƟŏľŖĬĺƞŅȮĶŃĭĭȮIoT ĪňŗıńĥĬŅĕŉŘĬ
ĽŅĴŅĶĩėĺĭėŋĴŐĸŃĨŇħĨŅĴĔĶŃĭĺĬĔŅĶŀĭŐľƟĚœħƟŀĵƞŅĚŐĴƞĬĵņŐĸŃŏĽĩňĵĶȮĽƞĚįĸŒľƟĽŅĴŅĶĩĸħ
ĶŃĵŃŏĺĸŅŒĬĔŅĶŀĭŐľƟĚȮĕĦŃŏħňĵĺĔńĬĔŖĶńĔļŅėŋĦĳŅıĕŀĚŏĴĸŖħĔŅŐĲŒľƟĽĴŗņŏĽĴŀŐĸŃœħƟĨŅĴ
ĴŅĨĶģŅĬ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ĳŅıĪňŗȮ4.14ȮŐĽħĚėĺŅĴĽńĴıńĬīƢĕŀĚėĺŅĴĝŊŘĬŐĸŃŀŋĦľĳŌĴŇŒĬĝƞĺĚĔŅĶŀĭŐľƟĚ 
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 ěŅĔĳŅıĪňŗȮ2,/4ȮĔĶŅĲŐĽħĚŐĬĺőĬƟĴĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚėĺŅĴĝŊŘĬŏĴĸŖħĔŅŐĲȮ&#'ȮŐĸŃŀŋĦľĳŌĴŇ
ĳŅĵŒĬőĶĚŀĭŐľƟĚȮ&°C) ĨĸŀħĶŃĵŃŏĺĸŅĔŅĶŀĭŐľƟĚȮ/.ȮĺńĬȮľĸńĚĔŅĶĨŇħĨńŘĚĶŃĭĭȮIoT ŏıŊŗŀėĺĭėŋĴőĶĚ
ŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮĔĶŅĲŏĽƟĬĽňĬŘņŏĚŇĬŐĽħĚėƞŅėĺŅĴĝŊŘĬĽńĴıńĪīƢĕŀĚŏĴĸŖħĔŅŐĲȮ&ŐĔĬĞƟŅĵ'ȮĪňŗĸħĸĚ
ěŅĔěŅĔĶŃħńĭĮĶŃĴŅĦȮ65Ȯ+Ȯ70% ŏľĸŊŀŏıňĵĚĮĶŃĴŅĦȮ30% ĳŅĵŒĬȮ4ů5 ĺńĬŐĶĔȮŐĸŃŏĕƟŅĽŌƞĶŃħńĭ
ŏĮƚŅľĴŅĵĪňŗȮ12%ȮĳŅĵŒĬĺńĬĪňŗȮ/.ȮŒĬĕĦŃĪňŗŏĽƟĬĽňŐħĚŐĽħĚŀŋĦľĳŌĴŇŀŅĔŅĻĳŅĵŒĬőĶĚŀĭŐľƟĚȮ&ŐĔĬĕĺŅ'Ȯ
ĞŉŗĚĴňĔŅĶįńĬŐĮĶĨŅĴĝƞĺĚŏĺĸŅĕŀĚĺńĬŐĸŃĽĳŅıĳŌĴŇŀŅĔŅĻőħĵĶŀĭȮőħĵŒĬĶŃľĺƞŅĚĔŅĶŏĔŖĭĕƟŀĴŌĸĬńŘĬĴňİĬĨĔ
ŒĬĭŅĚĺńĬȮĪņŒľƟĔĶŅĲĪňŗŐĽħĚĴňĸńĔļĦŃĔŅĶŐĔĺƞĚŐĨƞĵńĚŀĵŌƞŒĬĝƞĺĚȮ35+Ȯ44°CȮŐĸŃěŅĔĔĶŅĲěŃŏľŖĬĺƞŅ
ĝƞĺĚŐĶĔŏĴĸŖħĔŅŐĲĴňėĺŅĴĝŊŘĬĽŌĚŐĸŃėƞŀĵŕȮĸħĸĚŀĵƞŅĚĶĺħŏĶŖĺŒĬĺńĬŐĶĔŕȮĕŀĚĔŅĶŀĭŐľƟĚŏĬŊŗŀĚěŅĔ
ŀŋĦľĳŌĴŇĳŅĵŒĬőĶĚŀĭŐľƟĚĽŅĴŅĶĩŏıŇŗĴĽŌĚĕŉŘĬĝƞĺĚĔĸŅĚĺńĬȮŐĸŃĶŃĭĭėĺĭėŋĴœħƟŏĮƕħıńħĸĴĶŃĭŅĵėĺŅĴĝŊŘĬ
ŀŀĔŏĴŊŗŀĩŉĚŏĔĦĤƢĪňŗĔņľĬħĶŃĭĭėŋĴėĺĭĔŖěŃĽńŗĚĮƕħıńħĸĴĶŃĭŅĵėĺŅĴĝŊŘĬȮĽƞĚįĸŒľƟŀńĨĶŅĔŅĶĶŃĭŅĵ
ėĺŅĴĝŊŘĬŒĬĝƞĺĚŐĶĔĽŌĚĔĺƞŅĝƞĺĚĪƟŅĵŕȮŏĴŊŗŀėĺŅĴĝŊŘĬĕŀĚŏĴĸŖħŏĕƟŅŒĔĸƟĶŃħńĭŏĮƚŅľĴŅĵȮľĸńĚěŅĔįƞŅĬœĮ
ĮĶŃĴŅĦȮ7Ȯ+Ȯ/.ȮĺńĬȮėĺŅĴĝŊŘĬĕŀĚŏĴĸŖħĔŅŐĲěŃėƞŀĵŕĸħĸĚĴŅŀĵŌƞŒĔĸƟĶŃħńĭȮ/0#ȮĞŉŗĚŏĮƦĬĶŃħńĭĪňŗĽŅĴŅĶĩ
ĽńŗĚĔŅĶŒľƟĶŃĭĭĮƕħĔŅĶĪņĚŅĬĕŀĚıńħĸĴĶŃĭŅĵėĺŅĴĝŊŘĬŏıŊŗŀľĵŋħĔĶŃĭĺĬĔŅĶŀĭŐľƟĚœħƟȮőħĵŒĬĶŃľĺƞŅĚ
ĔĶŃĭĺĬĔŅĶŀĭŐľƟĚĬńŘĬȮěŃŏľŖĬĺƞŅĶŃĭĭȮIoT ĽŅĴŅĶĩĶńĔļŅŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬŒľƟŀĵŌƞŒĬĝƞĺĚĪňŗŏľĴŅŃĽĴ
œħƟőħĵŀńĨőĬĴńĨŇȮŏĝƞĬȮŒĬŏĺĸŅĔĸŅĚėŊĬľĶŊŀĺńĬĪňŗĽĳŅıŀŅĔŅĻĝŊŘĬȮĶŃĭĭěŃĮƕħĝƞŀĚĶŃĭŅĵŐĸŃėĺĭėŋĴıńħĸĴ
ŒľƟĪņĚŅĬŏĮƦĬĝƞĺĚŕȮŏıŊŗŀĮƚŀĚĔńĬœĴƞŒľƟŀŅĔŅĻĝŊŘĬěŅĔĳŅĵĬŀĔŏĕƟŅĴŅȮĸħĔŅĶľĵŋħĝŃĚńĔĕŀĚĔŅĶŀĭŐľƟĚŀńĬ
ŏĬŊŗŀĚĴŅěŅĔİĬľĶŊŀėĺŅĴĝŊŘĬĽŌĚĳŅĵĬŀĔȮŐĴƟŒĬĝƞĺĚĪňŗœĴƞĴňŐĽĚŐħħěńħȮĔĶŃĭĺĬĔŅĶŀĭŐľƟĚĔŖĵńĚħņŏĬŇĬĨƞŀœĮ
œħƟĭŅĚĽƞĺĬħƟĺĵĔŅĶėĺĭėŋĴħńĚĔĸƞŅĺŐĪĬĪňŗěŃľĵŋħĽĬŇĪŏľĴŊŀĬŒĬŀħňĨĪňŗœĴƞĴňĶŃĭĭȮIoT ĝƞĺĵŏľĸŊŀ 

2.2 įĸĔŅĶĮĶŃŏĴŇĬĮĶŃĽŇĪīŇĳŅıĔŅĶĨŇħĨńŘĚĶŃĭĭ 
 2,2,/ȮĔŅĶĺŇŏėĶŅŃľƢěņĬĺĬŏĺĸŅĪňŗĸħĸĚĕŀĚĔĶŃĭĺĬĔŅĶ 
  ŏıŊŗŀĮĶŃŏĴŇĬĮĶŃĽŇĪīŇĳŅıŏĝŇĚŏĺĸŅĕŀĚĔĶŃĭĺĬĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲĔƞŀĬŐĸŃľĸńĚ
ĔŅĶĮĶńĭĮĶŋĚĶŃĭĭħƟĺĵĔŅĶĮĶŃĵŋĔĨƢŒĝƟĶŃĭĭȮIoTȮŏıŊŗŀĨŇħĨŅĴŐĸŃėĺĭėŋĴĔŅĶĪņĚŅĬĕŀĚőĶĚŀĭŐľƟĚ
ıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮįŌƟĺŇěńĵœħƟŏĔŖĭĶĺĭĶĺĴĕƟŀĴŌĸĕŀĚĔĶŃĭĺĬĔŅĶŀĭŐľƟĚŒĬĶŌĮŐĭĭŐįĬĳŌĴŇ
ĔĶŃĭĺĬĔŅĶœľĸȮ&Flow Process Chart) ľĸńĚĔŅĶĮĶńĭĮĶŋĚĔĶŃĭĺĬĔŅĶŀĭŐľƟĚħƟĺĵĶŃĭĭ IoTȮȮȮȮȮȮ
ħńĚŐĽħĚŒĬĳŅıĪňŗȮ2,/5ȮŐĸŃĬņœĮĺŇŏėĶŅŃľƢŏĮĶňĵĭŏĪňĵĭĔńĭĕƟŀĴŌĸĕŀĚĔĶŃĭĺĬĔŅĶŀĭŐľƟĚŏħŇĴĔƞŀĬ
ĔŅĶĮĶńĭĮĶŋĚȮ&ŒĬľńĺĕƟŀĪňŗȮ1,0'ȮĴŅĺŇŏėĶŅŃľƢĶƞĺĴĔńĭěņĬĺĬŐĶĚĚŅĬėĬŐĸŃĝńŗĺőĴĚĔŅĶĪņĚŅĬĪňŗŒĝƟŒĬŐĨƞ
ĸŃĔŇěĔĶĶĴȮőħĵĔŅĶŐĮĸĚěņĬĺĬĔŇěĔĶĶĴĕŀĚŐĨƞĸŃĕńŘĬĨŀĬĶƞĺĴĔńĭŏĺĸŅĪňŗŒĝƟŐĸŃěņĬĺĬėĬĚŅĬȮ
ĬņœĮĽŌƞĔŅĶėņĬĺĦĝńŗĺőĴĚŐĶĚĚŅĬĶĺĴĕŀĚĔĶŃĭĺĬĔŅĶĪńŘĚĶŃĭĭȮĞŉŗĚĽŅĴŅĶĩĽĶŋĮįĸĔŅĶĮĶŃŏĴŇĬ
ĮĶŃĽŇĪīŇĳŅıĕŀĚĶŃĭĭȮIoT œħƟħƟĺĵŐįĬĳŌĴŇŐĶĚĚŅĬėĬŐĸŃĝńŗĺőĴĚĔŅĶĪņĚŅĬĶĺĴĕŀĚĔĶŃĭĺĬĔŅĶ
ŀĭŐľƟĚľĸńĚĔŅĶĮĶńĭĮĶŋĚĶŃĭĭ ħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ2,1 



90 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ĳŅıĪňŗȮ4.15 ĔĶŃĭĺĬĔŅĶŀĭŐľƟĚĕŀĚŏĴĸŖħĔŅŐĲľĸńĚĮĶńĭĮĶŋĚĶŃĭĭ 
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 ěŅĔĔŅĶĺŇŏėĶŅŃľƢĔĶŃĭĺĬĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲĳŅĵľĸńĚĔŅĶıńĥĬŅŐĸŃĮĶńĭĮĶŋĚĶŃĭĭȮőħĵ
ŀƟŅĚŀŇĚŐĬĺėŇħĔŅĶĺŇŏėĶŅŃľƢħƟĺĵľĸńĔĔŅĶȮECRS ȮŐĸŃŐĬĺĪŅĚĔŅĶŐĔƟĮƤĠľŅěŅĔĽŅŏľĨŋěŅĔĔŅĶ
ĺŇŏėĶŅŃľƢħƟĺĵįńĚĔƟŅĚĮĸŅȮ&Fishbone Diagram) ıĭĺƞŅľĸŅĵĕńŘĬĨŀĬŒĬĔĶŃĭĺĬĔŅĶįĸŇĨĽŅĴŅĶĩ
ĮĶńĭĮĶŋĚŒľƟĴňĮĶŃĽŇĪīŇĳŅıĵŇŗĚĕŉŘĬįƞŅĬĔŅĶĮĶŃĵŋĔĨƢŒĝƟŏĪėőĬőĸĵňȮIoT őħĵŏĜıŅŃŒĬĽƞĺĬĕŀĚĔŅĶŏĮƕħ
ĶŃĭĭŀĭŐľƟĚ*ȮĔŅĶėĺĭėŋĴıńħĸĴĶŃĭŅĵŀŅĔŅĻŐĸŃĔŅĶĨĶĺěĽŀĭėƞŅėĺŅĴĝŊŘĬȮĞŉŗĚŏħŇĴĨƟŀĚŀŅĻńĵ
ŐĶĚĚŅĬėĬŐĸŃŒĝƟŏĺĸŅĮĢŇĭńĨŇĚŅĬĞŘņĞƟŀĬȮœħƟĩŌĔıńĥĬŅŒľƟŏĮƦĬĶŃĭĭŀńĨőĬĴńĨŇȮĪņŒľƟĽŅĴŅĶĩĨńħĕńŘĬĨŀĬ
ĪňŗœĴƞěņŏĮƦĬȮ&Eliminate) ŐĸŃĸħėĺŅĴĞńĭĞƟŀĬĕŀĚĔŅĶħņŏĬŇĬĚŅĬȮ&Simplify) ĽƞĚįĸŒľƟĸħĳŅĶŃĚŅĬ
ĕŀĚįŌƟĮĢŇĭńĨŇĚŅĬȮĸħĕƟŀįŇħıĸŅħěŅĔŐĶĚĚŅĬėĬȮŐĸŃĽŅĴŅĶĩĨĶĺěĽŀĭŐĸŃĨŇħĨŅĴĕƟŀĴŌĸĔŅĶŀĭŐľƟĚ
œħƟŐĭĭŏĶňĵĸœĪĴƢĭĬĶŃĭĭėĸŅĺħƢȮőħĵŏĜıŅŃŀĵƞŅĚĵŇŗĚĶŃĭĭĽŅĴŅĶĩľĵŋħĪņĚŅĬŀńĨőĬĴńĨŇŏĴŊŗŀėƞŅ
ėĺŅĴĝŊŘĬĕŀĚŏĴĸŖħĔŅŐĲĸħĸĚĩŉĚĶŃħńĭĪňŗĨƟŀĚĔŅĶȮ&12%) ĞŉŗĚĝƞĺĵŒľƟĔĶŃĭĺĬĔŅĶŀĭŐľƟĚĴňėĺŅĴŐĴƞĬĵņȮ
ĮĶŃľĵńħıĸńĚĚŅĬȮŐĸŃŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĕŀĚĔŅĶįĸŇĨőħĵĶĺĴ 

 

Ȯ 

 
 

  

1 �o�4�v�M�o�4�h�w�U�Z�p�X�c�5�L�U�–�e�U�o�=�`�V�™�V�h�w�4�e�p�R 30 2 1.00 2.00

2 �X�–�e�:�J�|�e�7�Z�e�T�]�c�`�e�G 5 2 0.50 1.00

3 �H�V�Z�;�]�`�M�7�k�F�S�e�Q/�7�d�G�p�U�4�o�T�X�v�G 5 2 0.33 0.67

4 �] �h�o�`�e�o�L�j�x�`�O�X�`�`�4�p�X�c�X�`�4�o�T�j�`�4 5 2 0.42 0.83

5 � �̂T�d�4�G�–�Z�U�4�e�V�p�=�•�L�|�x�e 5 1 72.00 72.00

6 �X�–�e�:�o�T�j�`�4�G�–�Z�U�L�|�x�e�]�c�`�e�G 5 1 0.25 0.25

7 �4�V�c�;�e�U�o�=�`�V�™�V�h�w�M�L�H�c�p�4�V�: 5 2 0.25 0.50

8 �o�N�g�G�V�c�M�M�`�M�p�^ �–�: 0 0 0.00 0.00

9 �7�Z�M�7�k�T�Q�d�G�X�T�V�c�M�e�U�`�e�4�e�[ 0 0 0.00 0.00

10 �4�e�V�`�M�p�^ �–�: 0 1 240.00240.00

11 �H�V�Z�;�7�Z�e�T�=�j�x�L 0 0 0.00 0.00

12 �;�d�G�o�4�v�M�o�T�X�v�G�p�^ �–�:�X�:�I�k�: 30 2 0.33 0.67

10 0 2 0 0 90 15 315.08 317.92ĶĺĴ

ĸŜŅħńĭ ĝŊŗŀĔŇěĔĶĶĴ

ľĸńĚĮĶńĭĮĶŋĚĶŃĭĭ

ĽńĠĸńĔļĦƢ ėĬĪŜŅĚŅĬ

(ėĬ)

Man-Hour

(ĝńŗĺőĴĚ-ėĬ)

ĶŃĵŃĪŅĚ

(ŏĴĨĶ)

ŏĺĸŅ

(ĝńŗĺőĴĚ)

ĨŅĶŅĚĪňŗȮ4.1ȮěņĬĺĬŐĶĚĚŅĬėĬŐĸŃĝńŗĺőĴĚĔŅĶĪņĚŅĬĶĺĴĕŀĚĔĶŃĭĺĬĔŅĶŀĭŐľƟĚľĸńĚĮĶńĭĮĶŋĚĶŃĭĭ 
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 ěŅĔĔŅĶĺŇŏėĶŅŃľƢŏĮĶňĵĭŏĪňĵĭěņĬĺĬŐĶĚĚŅĬėĬŐĸŃĝńŗĺőĴĚĔŅĶĪņĚŅĬĶĺĴĕŀĚĔĶŃĭĺĬĔŅĶ
ŀĭŐľƟĚĔƞŀĬĮĶńĭĮĶŋĚŒĬĨŅĶŅĚĪňŗȮ1,0ȮŐĸŃľĸńĚĮĶńĭĮĶŋĚĶŃĭĭħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ2,8ȮıĭĺƞŅěņĬĺĬȮ
Man-Hour ĶĺĴȮĸħĸĚěŅĔȮ3/.,36ȮĝńŗĺőĴĚ-ėĬ  ĸħŏľĸŊŀȮ1/7,70ȮĝńŗĺőĴĚ-ėĬ ėŇħŏĮƦĬĔŅĶĸħĸĚ
ěņĬĺĬȮ17.73%ȮȮěŅĔįĸĔŅĶĺŇŏėĶŅŃľƢħńĚĔĸƞŅĺŐĽħĚŒľƟŏľŖĬĺƞŅ ĶŃĭĭȮIoT ĴňįĸŀĵƞŅĚĴňĬńĵĽņėńĠĨƞŀ
ĔŅĶĸħĳŅĶŃĚŅĬĕŀĚŐĶĚĚŅĬėĬ ĪņŒľƟįŌƟĮĢŇĭńĨŇĚŅĬĴňŏĺĸŅŏľĸŊŀŏıňĵĚıŀĽņľĶńĭĔŇěĔĶĶĴŀŊŗĬȮŕȮĪňŗŏıŇŗĴ
ėŋĦėƞŅŐĪĬĔŅĶĪņĚŅĬĞŘņĞƟŀĬŏħŇĴȮŕȮŀňĔĪńŘĚĵńĚĝƞĺĵĸħőŀĔŅĽŏĔŇħėĺŅĴįŇħıĸŅħěŅĔĴĬŋļĵƢȮŐĸŃĪņŒľƟ
ĔĶŃĭĺĬĔŅĶŀĭŐľƟĚĴňĮĶŃĽŇĪīŇĳŅıĽŌĚĕŉŘĬȮĔŅĶĸħȮMan-Hour ŀĵƞŅĚĴňĬńĵĽņėńĠĬňŘĽŀħėĸƟŀĚĔńĭŐĬĺėŇħ 
Lean Process ĪňŗĴŋƞĚĸħėĺŅĴĽŌĠŏĽňĵŒĬĔĶŃĭĺĬĔŅĶįĸŇĨ 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 ěŅĔĔŅĶĺŇŏėĶŅŃľƢĔŅĶŏĮĶňĵĭŏĪňĵĭĶŃĵŃŏĺĸŅĕŀĚĔĶŃĭĺĬĔŅĶŀĭŐľƟĚĔƞŀĬŐĸŃľĸńĚĮĶńĭĮĶŋĚȮ
ŐĸŃĔŅĶŒĝƟĔĶŅĲŐĪƞĚŏıŊŗŀŏĮĶňĵĭŏĪňĵĭįĸħńĚĔĸƞŅĺħńĚŐĽħĚŒĬĳŅıĪňŗȮ2,16ȮıĭĺƞŅĶŃĵŃŏĺĸŅĕŀĚ
ĔĶŃĭĺĬĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲĶĺĴȮěŅĔȮ3.5,53ȮĝńŗĺőĴĚȮ&0/,/4ȮĺńĬ'ȮĸħŏľĸŊŀȮ1/3,.6ȮĝńŗĺőĴĚȮ
&/1,/1ȮĺńĬ'ȮėŇħŏĮƦĬĔŅĶĸħĸĚĕŀĚĶŃĵŃŏĺĸŅŒĬĔĶŃĭĺĬĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲŏĮƦĬěņĬĺĬȮ37.95%ȮȮ
ĞŉŗĚŏĮƦĬœĮĨŅĴĺńĨĩŋĮĶŃĽĚėƢĕŀĚĚŅĬĺŇěńĵĬňŘȮőħĵĔŇěĔĶĶĴĪňŗĸħĸĚĴŅĔĪňŗĽŋħėŊŀȮĔŅĶĶŀėŀĵĔŅĶŀĭŐľƟĚ*Ȯ
ĔŅĶĨĶĺěĺńħėĺŅĴĝŊŘĬȮŐĸŃȮĔŅĶėĺĭėŋĴĔŅĶĶŃĭŅĵŀŅĔŅĻȮĨŅĴĸņħńĭȮŏĬŊŗŀĚěŅĔĶŃĭĭȮIoT ĪňŗĨŇħĨńŘĚ
ĽŅĴŅĶĩĺńħėĺŅĴĝŊŘĬħƟĺĵŏĞŖĬŏĞŀĶƢĨĶĺěĺńħŏıŊŗŀėĺĭėŋĴĔŅĶŏĮƕħŐĸŃĮƕħıńħĸĴőħĵŀńĨőĬĴńĨŇĨŅĴŏĚŊŗŀĬœĕ

21.16

13.13

0.00

5.00

10.00

15.00

20.00

25.00

�Z
�d

�L

�V�c�U�c�o�Z�X�e�V�Z�T�5�`�:�4�V�c�M�Z�L�4�e�V

�4�•�`�L�N�V�d�M�N�V�k�:�^�X�d�:�N�V�d�M�N�V�k�:

ĳŅıĪňŗȮ4./6ȮĔĶŅĲŐĽħĚĔŅĶŏĮĶňĵĭŏĪňĵĭĶŃĵŃŏĺĸŅĕŀĚĔĶŃĭĺĬĔŅĶŀĭŐľƟĚ 
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ĕŀĚėƞŅėĺŅĴĝŊŘĬŏĮƚŅľĴŅĵĪňŗĨńŘĚœĺƟȮ/0%Ȯ ĬŀĔěŅĔĬňŘŒĬĶŃĵŃĔŅĶŏħŇĬĨĶĺěĽŀĭėĺŅĴĝŊŘĬĳŅĵŒĬőĶĚ
ŀĭŐľƟĚŐĸŃĔŅĶėĺĭėŋĴĔŅĶĪņĚŅĬĕŀĚıńħĸĴĶŃĭŅĵŀŅĔŅĻĸħĸĚŀĵƞŅĚĴŅĔȮŏıĶŅŃĽŅĴŅĶĩĨĶĺěĽŀĭ
ėĺŅĴĝŊŘĬŐĸŃėĺĭėŋĴĶŃĭĭįƞŅĬŐŀĮıĸŇŏėĝńĬȮBlynk œħƟĨĸŀħŏĺĸŅȮŐĸŃĶŃĭĭěŃĭńĬĪŉĔĕƟŀĴŌĸŀńĨőĬĴńĨŇ
œĮĵńĚȮGoogle Sheets őħĵœĴƞĨƟŀĚŒĝƟŐĶĚĚŅĬėĬĪņĞŘņ 

 2,2,0ȮĔŅĶĺŇŏėĶŅŃľƢħƟŅĬıĸńĚĚŅĬœĲĲƚŅ 

  ěŅĔĕƟŀĴŌĸėƞŅıĸńĚĚŅĬœĲĲƚŅĪňŗŒĝƟħńĚŐĽħĚŒĬĳŅėįĬĺĔȮė,ȮĽŅĴŅĶĩĽĶŋĮįĸĔŅĶ
ĮĶŃŏĴŇĬŏĝŇĚėŋĦĳŅıħƟŅĬıĸńĚĚŅĬœĲĲƚŅĪňŗŒĝƟĽņľĶńĭĔĶŃĭĺĬĔŅĶĨŅĔŐľƟĚŏĴĸŖħĔŅŐĲȮőħĵŒĝƟŀŋĮĔĶĦƢ
ŏĞŖĬŏĞŀĶƢĽņľĶńĭĨĶĺěĺńħœĲĲƚŅĔĶŃŐĽĽĸńĭȮPZEM-./4Ȯ&AC meter)ȮŐĭĭŏĶňĵĸœĪĴƢȮĽņľĶńĭĔŅĶĭńĬĪŉĔ
ėƞŅįƞŅĬĶŃĭĭȮIoT ĪňŗœħƟıńĥĬŅȮőħĵŏĮƦĬĔŅĶĨĶĺěĺńħıĸńĚĚŅĬœĲĲƚŅĽņľĶńĭıńħĸĴĶŃĭŅĵŀŅĔŅĻĕĬŅħȮ6Ȯ
ĬŇŘĺ ĝĬŇħȮAC ĴňĔņĸńĚœĲĲƚŅȮ20 WattȮěņĬĺĬȮ0ȮĨńĺ ĞŉŗĚĴňįĸĔŅĶėņĬĺĦŐĽħĚħńĚĨŅĶŅĚĪňŗȮ2,2 

ĨŅĶŅĚĪňŗȮ2,2ȮĔŅĶėņĬĺĦįĸĮĶŃľĵńħıĸńĚĚŅĬœĲĲƚŅĪňŗŒĝƟŏĮĶňĵĭŏĪňĵĭĔƞŀĬŐĸŃľĸńĚĔŅĶĮĶńĭĮĶŋĚĶŃĭĭ 

 ĔŅĶėņĬĺĦėƞŅıĸńĚĚŅĬœĲĲƚŅ ľĴŅĵŏľĨŋ 

ĔƞŀĬĮĶńĭĮĶŋĚ Ȯ;ȮȮ&20ȮW.Ȯ×Ȯ0Ȯea.Ȯ×Ȯ/.Ȯhr.Ȯ×Ȯ/6ȮDay)//... 

Ȯ=Ȯ7.20 kWh 

ıńħĸĴȮAC 20 Watt .ěņĬĺĬȮ
0ȮĨńĺȮŏĮƕħŒĝƟĚŅĬĨńŘĚŐĨƞŏĺĸŅȮ
5,..ȮĬ,ȮůȮ/5,..ȮĬ,ȮĨĸŀħ
ĶŃĵŃŏĺĸŅŀĭŐľƟĚȮ/6ȮĺńĬȮ 

ľĸńĚĮĶńĭĮĶŋĚ Ȯ= 30,.32Ȯ+Ȯ48.990 

 = 3.064 kWh 

ĕƟŀĴŌĸěŅĔĭńĬĪŉĔĔŅĶĨĶĺěĺńħ
ěĶŇĚȮ&ĳŅėįĬĺĔȮė,' 

įĸĮĶŃľĵńħ Ȯ= &(7.200 ů 3.064)/7.200') x 100%  

 =  57.44 % 

 

 

4.5 įĸĔŅĶĮĶŃŏĴŇĬĸńĔļĦŃĕŀĚŏĴĸŖħĔŅŐĲ 
 ŏıŊŗŀĮĶŃŏĴŇĬįĸŏĝŇĚėŋĦĳŅıȮĬŀĔŏľĬŊŀěŅĔĕƟŀĴŌĸŏĝŇĚĮĶŇĴŅĦħńĚĔĸƞŅĺȮœħƟĴňĔŅĶĽńĚŏĔĨŐĸŃ
ĭńĬĪŉĔĳŅıĸńĔļĦŃĕŀĚŏĴĸŖħĔŅŐĲĪńŘĚĔƞŀĬŐĸŃľĸńĚĔŅĶŀĭŐľƟĚőħĵŒĝƟĶŃĭĭȮIoT ŏıŊŗŀŏĮĶňĵĭŏĪňĵĭĔŅĶ
ŏĮĸňŗĵĬŐĮĸĚĪňŗŏĔŇħĕŉŘĬȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ4./7ȮŐĸŃȮ4.0. ŐĽħĚĽĳŅıŏĴĸŖħĔŅŐĲĨńĺŀĵƞŅĚěŅĔĔĸŋƞĴ
ĺŇĽŅľĔŇěĝŋĴĝĬȮĔƞŀĬŐĸŃľĸńĚįƞŅĬĔĶŃĭĺĬĔŅĶŀĭŐľƟĚőħĵŒĝƟĶŃĭĭȮIoT ĨŅĴĸņħńĭȮ 
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 ěŅĔĳŅıĪňŗȮ4./7ȮŐĽħĚĸńĔļĦŃĕŀĚŏĴĸŖħĔŅŐĲĪňŗįƞŅĬĔŅĶŀĭŐľƟĚȮőħĵœĴƞœħƟŒĝƟĶŃĭĭĨŇħĨŅĴ
ŐĸŃėĺĭėŋĴĔŅĶŀĭŐľƟĚħƟĺĵ IoT ıĭĺƞŅįŇĺŏĴĸŖħĴňĽňŏĕňĵĺľĴƞĬ*ȮĽňœĴƞĽĴŗņŏĽĴŀŐĸŃĴňĮĶŇĴŅĦŏĴĸŖħ
ŏĽňĵľŅĵěŅĔĔŅĶŀĭŐľƟĚŏĵŀŃ 
 
 

 

 

 

 

 

 

 ěŅĔĳŅıĪňŗȮ4.2.ȮŐĽħĚĸńĔļĦŃĕŀĚŏĴĸŖħĔŅŐĲĪňŗįƞŅĬĔŅĶŀĭŐľƟĚȮőħĵŒĝƟĶŃĭĭĨŇħĨŅĴŐĸŃ

ėĺĭėŋĴĔŅĶŀĭŐľƟĚħƟĺĵ IoT ıĭĺƞŅįŇĺŏĴĸŖħĴňĬŘņĨŅĸŀƞŀĬ*ȮĽňĽĴŗņŏĽĴŀŐĸŃœĴƞĴňĮĶŇĴŅĦŏĴĸŖħĪňŗŏĽňĵľŅĵ 

 

 

ĳŅıĪňŗȮ4./7 ĸńĔļĦŃŏĴĸŖħĔŅŐĲŐľƟĚȮĔƞŀĬĮĶńĭĮĶŋĚĶŃĭĭ 

ĳŅıĪňŗȮ2,0.ȮĸńĔļĦŃŏĴĸŖħĔŅŐĲŐľƟĚȮľĸńĚĮĶńĭĮĶŋĚ 
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4.6 ĽĶŋĮįĸĔŅĶĮĶńĭĮĶŋĚĔĶŃĭĺĬĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲőħĵŒĝƟȮIoT 
 ĽĶŋĮįĸĔŅĶŏĮĶňĵĭŏĪňĵĭĨńĺĝňŘĺńħĽņėńĠĶŃľĺƞŅĚĔƞŀĬŐĸŃľĸńĚĔŅĶĮĶńĭĮĶŋĚĔĶŃĭĺĬĔŅĶŀĭŐľƟĚ
ħƟĺĵĶŃĭĭȮIoT ħńĚĨŅĶŅĚĪňŗȮ2,3ȮěŃŏľŖĬĺƞŅĶŃĵŃŏĺĸŅĪňŗŒĝƟŒĬĔŅĶŀĭŐľƟĚĨƞŀĶŋƞĬȮ&batch) ĸħĸĚŀĵƞŅĚ
ĝńħŏěĬľĸńĚŒĝƟĶŃĭĭȮIoT őħĵŏħŇĴĔĶŃĭĺĬĔŅĶŀĭŐľƟĚŐĭĭħńŘĚŏħŇĴŒĝƟŏĺĸŅŒĬĔŅĶĶŀėŀĵĔŅĶŀĭŐľƟĚ
ĮĶŃĴŅĦȮ15ů21ȮĺńĬĨƞŀĶŋƞĬĔŅĶįĸŇĨȮ&ėƞŅŏĜĸňŗĵĮĶŃĴŅĦȮ18ȮĺńĬ' ŒĬĕĦŃĪňŗľĸńĚĮĶńĭĮĶŋĚŏľĸŊŀĮĶŃĴŅĦȮ
/.ȮĺńĬȮ&ĸħĸĚȮ22,22%)ȮĽƞĚįĸŒľƟĶŃĵŃŏĺĸŅĶĺĴĪńŘĚĔĶŃĭĺĬĔŅĶŀĭŐľƟĚĸħĸĚȮ15,73% ĪńŘĚĬňŘŏĺĸŅĪňŗ
ĸħĸĚŏĔŇħěŅĔĔŅĶĪňŗĶŃĭĭȮIoT ĽŅĴŅĶĩėĺĭėŋĴĮƤěěńĵŐĺħĸƟŀĴŒľƟŏľĴŅŃĽĴĨƞŀĔŅĶŀĭŐľƟĚŀĵŌƞĨĸŀħ
ŐĸŃĸħĝƞĺĚľĵŋħĝŃĚńĔĪňŗœĴƞěņŏĮƦĬȮĬŀĔěŅĔĶŃĵŃŏĺĸŅŐĸƟĺ ĮĶŇĴŅĦĚŅĬĕŀĚŐĶĚĚŅĬėĬĪňŗŒĝƟŒĬ
ĔĶŃĭĺĬĔŅĶĔŖĸħĸĚħƟĺĵȮŏĬŊŗŀĚěŅĔľĸŅĵĔŇěĔĶĶĴĪňŗŏħŇĴĨƟŀĚŒĝƟŏĺĸŅĕŀĚįŌƟĮĢŇĭńĨŇĚŅĬĩŌĔĪņŒľƟŏĮƦĬ
ŀńĨőĬĴńĨŇȮ&ŏĝƞĬȮĔŅĶĨĶĺěĺńħėĺŅĴĝŊŘĬĮĶŃěņĺńĬ*ȮĔŅĶŏĮƕħ-ĮƕħőĶĚıńħĸĴĶŃĭŅĵŀŅĔŅĻ'ȮĪņŒľƟőħĵĶĺĴ
ĝńŗĺőĴĚėĬĪņĚŅĬȮ&Man-Hours) ĪňŗŒĝƟĸħĸĚœĮȮ15,51% ŏĴŊŗŀŏĪňĵĭĔńĭĔƞŀĬĮĶńĭĮĶŋĚ įŌƟĮĢŇĭńĨŇĚŅĬ
ĽŅĴŅĶĩŒĝƟŏĺĸŅĽƞĺĬĪňŗŏľĸŊŀœĮĪņĚŅĬŀŊŗĬœħƟĴŅĔĕŉŘĬŏĝƞĬȮĔŅĶŀŀĔœĮěņľĬƞŅĵĽŇĬėƟŅȮŏĮƦĬĨƟĬȮŀňĔĪńŘĚĵńĚ
ĽŅĴŅĶĩĮĶŃľĵńħıĸńĚĚŅĬœĲĲƚŅĪňŗŒĝƟĽņľĶńĭĔŅĶĶŃĭŅĵŀŅĔŅĻĩŉĚȮ57,44% 

ĨŅĶŅĚĪňŗȮ4.5ȮĔŅĶŏĮĶňĵĭŏĪňĵĭįĸĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲĔƞŀĬŐĸŃľĸńĚĮĶńĭĮĶŋĚĶŃĭĭ 

ĨńĺĝňŘĺńħ ĔƞŀĬĮĶńĭĮĶŋĚ ľĸńĚĮĶńĭĮĶŋĚ 
ĶŃĵŃŏĺĸŅĶĺĴĕŀĚ
ĔĶŃĭĺĬĔŅĶŀĭŐľƟĚ 

3.5,53ȮĝńŗĺőĴĚȮ&0/,/4ȮĺńĬ'Ȯ 1/3,.6ȮĝńŗĺőĴĚȮ&/1,/1ȮĺńĬ' 
&ĸħĸĚȮ37,73%) 

ĶŃĵŃŏĺĸŅĶŀėŀĵ 
ĔŅĶŀĭŐľƟĚ 

210ȮĝńŗĺőĴĚȮ&18ȮĺńĬ'Ȯ 
&őħĵŏĜĸňŗĵ'  

02.ȮĝńŗĺőĴĚȮ&1.ȮĺńĬ'Ȯ 
&ĸħĸĚȮ22,22%)  

ĮĶŇĴŅĦŐĶĚĚŅĬĪňŗŒĝƟȮ
&Man-Hours) 

510.58 ĝńŗĺőĴĚ-ėĬ 1/7,70ȮĝńŗĺőĴĚ-ėĬ  
&ĸħĸĚȮ37,51%)  

ėĺŅĴĩňŗĔŅĶĨĶĺěŏĝŖė 
ėƞŅėĺŅĴĝŊŘĬ 

0ů1 ėĶńŘĚĨƞŀĺńĬ 
Ȯ&ĨƟŀĚŏİƚŅĶŃĺńĚŒĔĸƟĝŇħ' 

1ȮėĶńŘĚĨƞŀĺńĬ 
&ĨĶĺěįƞŅĬĶŃĭĭŀŀĬœĸĬƢ'  

ėĺŅĴĝŊŘĬĕŀĚŏĴĸŖħ 
ľĸńĚŀĭŐľƟĚ 

N/A 
&ŒĝƟĔŅĶėŅħŏħŅĕŀĚįŌƟŒĝƟĚŅĬ'  

12%  

ėĺŅĴĽĴŗņŏĽĴŀĕŀĚ
ėŋĦĳŅıŏĴĸŖħĔŅŐĲ 

œĴƞĽĴŗņŏĽĴŀ, ŏĽňŗĵĚŏĔŇħŏĝŊŘŀĶŅ 
ŏĔŇħėĺŅĴŏĽňĵľŅĵĮĶŃĴŅĦ 3% 

ĽĴŗņŏĽĴŀĴŅĔĕŉŘĬ,  
œĴƞŏĔŇħėĺŅĴŏĽňĵľŅĵ 

ıĸńĚĚŅĬœĲĲƚŅĪňŗŒĝƟ 7,2.ȮkWh. 
&ıńħĸĴȮAC 20W. ěņĬĺĬȮ2Ĩńĺ' 

3.06 kWh. 
&ĮĶŃľĵńħœĲĲƚŅȮ57,44%' 
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 ěŅĔĨŅĶŅĚĪňŗȮ4.3 ěŃŏľŖĬœħƟĝńħŏěĬĺƞŅĔŅĶŒĝƟĶŃĭĭȮIoT ĪņŒľƟĔĶŃĭĺĬĔŅĶŀĭŐľƟĚĴň
ĮĶŃĽŇĪīŇĳŅıĕŉŘĬŀĵƞŅĚĴŅĔ ĶŃĵŃŏĺĸŅĶĺĴĕŀĚĔĶŃĭĺĬĔŅĶĽńŘĬĸĚĔĺƞŅŏħŇĴľĸŅĵĺńĬȮĽƞĚįĸŒľƟĽŅĴŅĶĩ
ŏıŇŗĴĶŀĭĔŅĶįĸŇĨĨƞŀĮƖœħƟĴŅĔĕŉŘĬȮĬŀĔěŅĔĬňŘěņĬĺĬėĶńŘĚŒĬĔŅĶŏĕƟŅœĮĨĶĺěĽŀĭŒĬőĶĚŀĭŐľƟĚĨƞŀĺńĬ
ĸħĸĚěŅĔŏħŇĴĪňŗėĬĚŅĬĨƟŀĚŏĕƟŅœĮĨĶĺěėĺŅĴĝŊŘĬľĶŊŀıĸŇĔŏĴĸŖħĺńĬĸŃľĸŅĵėĶńŘĚȮŏľĸŊŀŏıňĵĚĺńĬĸŃėĶńŘĚ
ľĶŊŀĬƟŀĵĔĺƞŅĬńŘĬȮŏıĶŅŃįŌƟĮĢŇĭńĨŇĚŅĬĽŅĴŅĶĩĨŇħĨŅĴĕƟŀĴŌĸĨƞŅĚŕȮįƞŅĬŐŀĮıĸŇŏėĝńĬœħƟŐĭĭŏĶňĵĸœĪĴƢȮ
őħĵĶĺĴŐĸƟĺĔŅĶĮĶńĭĮĶŋĚĬňŘĝƞĺĵĸħėĺŅĴĽŌĠŏĮĸƞŅěŅĔĔŅĶĶŀėŀĵŐĸŃėĺŅĴĽŌĠŏĮĸƞŅěŅĔĔŅĶ
ŏėĸŊŗŀĬœľĺŏĔŇĬěņŏĮƦĬĸĚŀĵƞŅĚŏĮƦĬĶŌĮīĶĶĴȮĔĸƞŅĺėŊŀȮĸħĪńŘĚŏĺĸŅĪňŗŏĴĸŖħĔŅŐĲĨƟŀĚĶŀěĬŐľƟĚĽĬŇĪȮŐĸŃ
ĸħĔŅĶŏħŇĬŏĕƟŅ+ŀŀĔľĶŊŀĪņĚŅĬĞŘņĞƟŀĬĕŀĚŐĶĚĚŅĬėĬĸĚȮĞŉŗĚĽŀħėĸƟŀĚĔńĭľĸńĔĔŅĶĮĶńĭĮĶŋĚ
ĔĶŃĭĺĬĔŅĶĨŅĴŐĬĺėŇħĺŇĻĺĔĶĶĴŀŋĨĽŅľĔŅĶĪňŗœħƟĬņĴŅĮĶŃĵŋĔĨƢŒĝƟŒĬĔŅĶĺŇěńĵėĶńŘĚĬňŘ 
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ĭĪĪňŗȮ3ȮĽĶŋĮįĸŐĸŃĕƟŀŏĽĬŀŐĬŃ 

3,/ ĽĶŋĮįĸĔŅĶħņŏĬŇĬĚŅĬĺŇěńĵ 
 ĚŅĬĺŇěńĵĬňŘœħƟĮĶŃĵŋĔĨƢŒĝƟŏĪėőĬőĸĵňŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚȮŒĬĔŅĶıńĥĬŅĶŃĭĭėĺĭėŋĴ
ŐĸŃĨŇħĨŅĴĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲĳŅĵŒĬőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĕĬŅħĝŋĴĝĬȮŐĸŃœħƟ
ħņŏĬŇĬĔŅĶĮĶŃŏĴŇĬĮĶŃĽŇĪīŇįĸĕŀĚĶŃĭĭħńĚĔĸƞŅĺŏĴŊŗŀŏĪňĵĭĔńĭĔĶŃĭĺĬĔŅĶŀĭŐľƟĚŐĭĭŏħŇĴȮ
įĸĔŅĶĺŇěńĵĽĶŋĮœħƟĺƞŅ ĶŃĭĭȮIoT ĪňŗıńĥĬŅĕŉŘĬĴňĽƞĺĬĝƞĺĵĸħėĺŅĴĸƞŅĝƟŅŒĬĔŅĶŀĭŐľƟĚŐĸŃŏıŇŗĴ
ĮĶŃĽŇĪīŇĳŅıőħĵĶĺĴĕŀĚĔĶŃĭĺĬĔŅĶįĸŇĨ ħńĚĨƞŀœĮĬňŘȮĶŃĵŃŏĺĸŅĪňŗŒĝƟŒĬĔĶŃĭĺĬĔŅĶŀĭŐľƟĚĨƞŀĶŋƞĬ
ĸħĸĚěņĬĺĬȮ6ȮĺńĬȮľĶŊŀȮ15,73% ĞŉŗĚŏĮƦĬœĮĨŅĴĺńĨĩŋĮĶŃĽĚėƢĪňŗĨńŘĚœĺƟȮĽŅĴŅĶĩĸħĶŃĵŃŏĺĸŅŒĬ
ĔĶŃĭĺĬĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲœħƟȮŀĵƞŅĚĬƟŀĵȮ30 ŏĮŀĶƢŏĞŖĬĨƢȮĪņŒľƟĽŅĴŅĶĩľĴŋĬŏĺňĵĬĔŅĶįĸŇĨœħƟŏĶŖĺĕŉŘĬȮ
ĮĶŇĴŅĦĚŅĬĕŀĚŐĶĚĚŅĬėĬĪňŗĨƟŀĚŒĝƟĸħĸĚŀĵƞŅĚĴňĬńĵĽņėńĠěŅĔĔŅĶĪňŗľĸŅĵĕńŘĬĨŀĬĪņĚŅĬŐĭĭŀńĨőĬĴńĨŇȮ
ėŋĦĳŅıĕŀĚŏĴĸŖħĔŅŐĲĪňŗœħƟĴňėĺŅĴĽĴŗņŏĽĴŀĴŅĔĕŉŘĬȮŐĸŃėĺŅĴŏĽňŗĵĚŒĬĔŅĶŏĔŇħėĺŅĴŏĽňĵľŅĵĸħĸĚȮ
&ŏĝƞĬȮŏĝŊŘŀĶŅěŅĔėĺŅĴĝŊŘĬĽŃĽĴ'ȮĪńŘĚľĴħĬňŘĬņœĮĽŌƞĔĶŃĭĺĬĔŅĶįĸŇĨĪňŗĴňĮĶŃĽŇĪīŇĳŅıŐĸŃŏĝŊŗŀĩŊŀœħƟ
ĵŇŗĚĕŉŘĬĨĶĚĨŅĴĺńĨĩŋĮĶŃĽĚėƢĕŀĚĔŅĶĺŇěńĵ 

 ŏĴŊŗŀıŇěŅĶĦŅĕƟŀĴŌĸŏĝŇĚĮĶŇĴŅĦŐĸŃŏĝŇĚėŋĦĳŅıĶƞĺĴĔńĬȮěŃŏľŖĬœħƟĺƞŅĔŅĶĮĶŃĵŋĔĨƢŒĝƟĶŃĭĭȮIoT 
ĽƞĚįĸŏĝŇĚĭĺĔĨƞŀĮĶŃĽŇĪīŇĳŅıĕŀĚĔĶŃĭĺĬĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲŀĵƞŅĚĝńħŏěĬȮĔŅĶĺŇŏėĶŅŃľƢȮŐįĬĳŌĴŇ
ĔĶŃĭĺĬĔŅĶœľĸȮ&Flow Process Chart) ĔƞŀĬŐĸŃľĸńĚĮĶńĭĮĶŋĚĝňŘŒľƟŏľŖĬĺƞŅĕńŘĬĨŀĬĵƞŀĵĨƞŅĚŕȮŒĬ
ĔĶŃĭĺĬĔŅĶįĸŇĨĸħĸĚȮőħĵŏĜıŅŃĕńŘĬĨŀĬĔŅĶĶŀėŀĵŐĸŃĔŅĶĨĶĺěĽŀĭĪňŗœĴƞěņŏĮƦĬĩŌĔĔņěńħŀŀĔœĮ
ľĶŊŀĩŌĔĶĺĴŏĕƟŅŏĮƦĬĶŃĭĭŀńĨőĬĴńĨŇȮĽƞĚįĸŒľƟŐįĬĳŌĴŇľĸńĚĮĶńĭĮĶŋĚĴňěņĬĺĬĬƟŀĵĕńŘĬĨŀĬĸĚŐĸŃŏĺĸŅĶŀ
ėŀĵĽńŘĬĸĚŀĵƞŅĚĴňĬńĵĽņėńĠȮŏĝƞĬȮěŅĔŏħŇĴĨƟŀĚĶŀėŀĵĔŅĶĨŅĔŏĴĸŖħĔŅŐĲĭĬĸŅĬĨŅĔľĸŅĵĺńĬȮĶŃĭĭȮ
IoT ĪňŗėĺĭėŋĴĔŅĶĶŃĭŅĵŀŅĔŅĻŀńĨőĬĴńĨŇĪņŒľƟĽŅĴŅĶĩŀĭĨƞŀŏĬŊŗŀĚœħƟŐĴƟŒĬĺńĬĪňŗœĴƞĴňŐħħȮĸħŏĺĸŅĔŅĶ
ĶŀőħĵŏĮĸƞŅĮĶŃőĵĝĬƢĸĚȮĬŀĔěŅĔĬňŘĔŅĶėņĬĺĦȮĮĶŇĴŅĦĚŅĬŐĸŃŏĺĸŅĪņĚŅĬĕŀĚŐĶĚĚŅĬěŅĔĕƟŀĴŌĸ
ŐįĬĳŌĴŇĔŅĶœľĸıĭĺƞŅȮěņĬĺĬĝńŗĺőĴĚėĬĪņĚŅĬĶĺĴĨĸŀħĔĶŃĭĺĬĔŅĶŀĭŐľƟĚĸħĸĚŀĵƞŅĚŏħƞĬĝńħľĸńĚ
ĔŅĶŒĝƟȮIoTŏĬŊŗŀĚěŅĔĚŅĬľĸŅĵŀĵƞŅĚĪňŗŏėĵĨƟŀĚŒĝƟėĬȮĩŌĔĪņŒľƟŏĮƦĬĶŃĭĭŀńĨőĬĴńĨŇȮįŌƟĮĢŇĭńĨŇĚŅĬěŉĚ
ŏĽňĵŏĺĸŅĸħĸĚĔńĭĚŅĬŏľĸƞŅĬňŘĬƟŀĵĸĚĴŅĔȮįĸĔŅĶĺŇŏėĶŅŃľƢĵńĚĝňŘŒľƟŏľŖĬĺƞŅȮŏĺĸŅĶĺĴĕŀĚĔĶŃĭĺĬĔŅĶįĸŇĨȮ
&Throughput Time) ĬńĭĨńŘĚŐĨƞŏĶŇŗĴĬņŏĴĸŖħĔŅŐĲŏĮƖĵĔŏĕƟŅŀĭěĬĽŅĴŅĶĩĬņŏĴĸŖħĪňŗŐľƟĚĽĬŇĪœĮ
ħņŏĬŇĬĔŅĶĕńŘĬĨŀĬĩńħœĮœħƟȮĴňŐĬĺőĬƟĴĸħĸĚĴŅĔĔĺƞŅĮĶŃĴŅĦȮ1.#ȮĨŅĴĪňŗœħƟĔĸƞŅĺŐĸƟĺȮĞŉŗĚĝƞĺĵŏıŇŗĴ
ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶįĸŇĨĕŀĚĔĸŋƞĴĺŇĽŅľĔŇěĝŋĴĝĬœħƟŏĮƦĬŀĵƞŅĚħňȮ 
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 ŒĬŏĝŇĚĽĩŇĨŇȮľŅĔĴňĔŅĶĶĺĭĶĺĴĕƟŀĴŌĸĔŅĶŀĭŐľƟĚľĸŅĵŕȮĶŀĭŀĵƞŅĚŏıňĵĚıŀȮĔŖŀŅěĪņĔŅĶ
ĪħĽŀĭĽĴĴĨŇģŅĬŏıŊŗŀĵŊĬĵńĬėĺŅĴŐĨĔĨƞŅĚĕŀĚŏĺĸŅĔŅĶŀĭŐľƟĚľĶŊŀėƞŅŒĝƟěƞŅĵŐĶĚĚŅĬĔƞŀĬŐĸŃľĸńĚ
ĔŅĶĮĶńĭĮĶŋĚœħƟȮŀĵƞŅĚœĶĔŖĨŅĴȮěŅĔįĸĪňŗœħƟŒĬėĶńŘĚĬňŘĔŖĴňėĺŅĴĝńħŏěĬŒĬĨńĺĺƞŅĶŃĭĭĪňŗıńĥĬŅĕŉŘĬĝƞĺĵ
ĵĔĶŃħńĭĮĶŃĽŇĪīŇĳŅıőħĵĶĺĴȮœĴƞŏıňĵĚĸħŏĺĸŅĔŅĶįĸŇĨŐĨƞĵńĚĸħėĺŅĴĽŌĠŏĮĸƞŅŐĸŃėĺŅĴįńĬŐĮĶĕŀĚ
ėŋĦĳŅıĸĚȮĬŀĔěŅĔĬňŘĵńĚĽŀħėĸƟŀĚĔńĭŐĬĺėŇħĔŅĶĺŇŏėĶŅŃľƢėĺŅĴĽŌĠŏĽňĵȮ5ȮĮĶŃĔŅĶȮ&5 Wastes) ȮȮȮȮ
ĪňŗıĭĺƞŅėĺŅĴĽŌĠŏĽňĵľĸńĔĪňŗĴňŀĵŌƞŒĬĔĶŃĭĺĬĔŅĶħńŘĚŏħŇĴėŊŀȮĔŅĶĶŀėŀĵȮ&Waiting) ŐĸŃȮĔŅĶŏėĸŊŗŀĬœľĺ
ĪňŗŏĔŇĬěņŏĮƦĬȮ&Unnecessary Motion) ħńĚĪňŗœħƟĔĸƞŅĺĩŉĚȮőħĵĶŃĭĭȮIoT ĽŅĴŅĶĩĝƞĺĵĸħĔŅĶĶŀėŀĵœħƟ
ĭŅĚĽƞĺĬįƞŅĬĔŅĶŏĶƞĚĔŅĶŀĭŐľƟĚŒĬĭŅĚĝƞĺĚŐĸŃħņŏĬŇĬĔŅĶŀĭœħƟĨƞŀŏĬŊŗŀĚŐĴƟĽĳŅıŀŅĔŅĻœĴƞŀņĬĺĵȮ
ŐĸŃĝƞĺĵĸħėĺŅĴŏėĸŊŗŀĬœľĺĪňŗĽŌĠŏĽňĵĕŀĚŐĶĚĚŅĬħƟĺĵĔŅĶĴŀĬŇŏĨŀĶƢŐĸŃėĺĭėŋĴĶŃĵŃœĔĸŐĪĬĔŅĶ
ŏħŇĬœĮĨĶĺěħƟĺĵĨĬŏŀĚĪŋĔėĶńŘĚȮĽŀħėĸƟŀĚĔńĭľĸńĔĔŅĶĮĶńĭĮĶŋĚĔĶŃĭĺĬĔŅĶĨŅĴŐĬĺėŇħȮLean ĞŉŗĚŏĴŊŗŀ
ĮĶńĭŒĝƟŐĸƟĺěŃĪņŒľƟĔĶŃĭĺĬĔŅĶįĸŇĨĴňėĺŅĴėĸƞŀĚĨńĺŐĸŃĴňĮĶŃĽŇĪīŇįĸĴŅĔĵŇŗĚĕŉŘĬ 

 őħĵĽĶŋĮȮĚŅĬĺŇěńĵĬňŘœħƟŐĽħĚŒľƟŏľŖĬĩŉĚĻńĔĵĳŅıĕŀĚĔŅĶĬņȮIoT ĴŅĮĶŃĵŋĔĨƢŒĝƟŒĬĳŅėĔŅĶŐĮĶ
ĶŌĮįĸįĸŇĨĔŅĶŏĔļĨĶĶŃħńĭĝŋĴĝĬȮŀńĬĬņœĮĽŌƞĔŅĶŏıŇŗĴįĸŇĨĳŅıȮĸħėĺŅĴĽŌĠŏĽňĵȮŐĸŃĵĔĶŃħńĭėŋĦĳŅı
ĕŀĚįĸįĸŇĨŏĴĸŖħĔŅŐĲȮĞŉŗĚįĸĸńıīƢĪňŗœħƟĬňŘĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵŀŊŗĬŕȮĪňŗĶŅĵĚŅĬĺƞŅĔŅĶėĺĭėŋĴĽĳŅĺŃ
ĔŅĶŀĭŐľƟĚȮ&ŏĝƞĬȮĔŅĶŏıŇŗĴŀńĨĶŅĔŅĶœľĸŏĺňĵĬĕŀĚŀŅĔŅĻ'ȮĽŅĴŅĶĩĸħŏĺĸŅĔŅĶŀĭŐľƟĚŐĸŃĶńĔļŅ
ėŋĦĳŅıĕŀĚŏĴĸŖħĔŅŐĲœħƟĨĸŀħěĬŏĮƦĬŐĬĺĪŅĚľĬŉŗĚŒĬĔŅĶıńĥĬŅĔĶŃĭĺĬĔŅĶįĸŇĨĔŅŐĲŒľƟĴňėĺŅĴ
ĪńĬĽĴńĵŐĸŃĴňĮĶŃĽŇĪīŇĳŅıĴŅĔĕŉŘĬŒĬĵŋėĕŀĚŀŋĨĽŅľĔĶĶĴȮ4.0ȮŐĸŃĔŅĶĽƞĚŏĽĶŇĴĔŅĶŀĬŋĶńĔļƢıĸńĚĚŅĬ
ŐĸŃĔŅĶŒĝƟıĸńĚĚŅĬĪħŐĪĬŏıŇŗĴĕŉŘĬȮĨƞŀœĮ  

 ěŅĔįĸĔŅĶĺŇěńĵĪňŗœħƟĽŅĴŅĶĩŀĳŇĮĶŅĵœħƟŒĬľĸŅĵĴŇĨŇĕŀĚĮĶŃĽŇĪīŇĳŅıĕŀĚĶŃĭĭĨŇħĨŅĴŐĸŃ
ėĺĭėŋĴőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢħƟĺĵŏĪėőĬőĸĵňŀŇĬŏĪŀĶƢŏĬŖĨĮĶŃĽŅĬĽĶĶıĽŇŗĚĪňŗıńĥĬŅĕŉŘĬȮħńĚĬňŘ 

 3,/,/ȮėĺŅĴŐĴƞĬĵņŐĸŃėĺŅĴĬƞŅŏĝŊŗŀĩŊŀĕŀĚĶŃĭĭėĺĭėŋĴ  

  ĶŃĭĭȮIoT ĪňŗıńĥĬŅĕŉŘĬĽŅĴŅĶĩĺńħŐĸŃėĺĭėŋĴŀŋĦľĳŌĴŇ+ėĺŅĴĝŊŘĬĳŅĵŒĬőĶĚŀĭŐľƟĚ
œħƟėƞŀĬĕƟŅĚŐĴƞĬĵņŐĸŃŏĝŊŗŀĩŊŀœħƟȮŏľŖĬœħƟěŅĔĔŅĶĪňŗĕƟŀĴŌĸŏĞŖĬŏĞŀĶƢŐĽħĚŐĬĺőĬƟĴĩŌĔĨƟŀĚĨŅĴ
ĽĩŅĬĔŅĶĦƢěĶŇĚȮ&ŏĝƞĬȮŀŋĦľĳŌĴŇĽŌĚĕŉŘĬŒĬŏĺĸŅĔĸŅĚĺńĬŐĸŃĸħĸĚĨŀĬĔĸŅĚėŊĬ'ȮŐĸŃĶŃĭĭĽŅĴŅĶĩ
ĨŀĭĽĬŀĚĨƞŀĕƟŀĴŌĸĬńŘĬħƟĺĵĔŅĶŏĮƕħ-ĮƕħıńħĸĴœħƟŀĵƞŅĚŏľĴŅŃĽĴőħĵœĴƞĴňĮƤĠľŅĕƟŀįŇħıĸŅħĶƟŅĵŐĶĚ
ĨĸŀħĝƞĺĚĔŅĶĪħĸŀĚȮĪńŘĚĬňŘėĺŅĴŐĴƞĬĵņĕŀĚŏĞŖĬŏĞŀĶƢŐĸŃėĺŅĴĩŌĔĨƟŀĚĕŀĚĔŅĶĪņĚŅĬŀńĨőĬĴńĨŇœħƟĶńĭ
ĔŅĶĨĶĺěĽŀĭŏĭŊŘŀĚĨƟĬőħĵĔŅĶŏĪňĵĭĔńĭŏėĶŊŗŀĚĴŊŀĺńħĴŅĨĶģŅĬŐĸŃĔŅĶĽńĚŏĔĨĕŀĚįŌƟŏĝňŗĵĺĝŅĠȮįĸ
ĮĶŅĔĢĺƞŅĶŃĭĭĽŅĴŅĶĩĶńĔļŅĽĳŅĺŃĔŅĶŀĭŐľƟĚŒľƟŀĵŌƞŒĬėƞŅĪňŗĨńŘĚœĺƟœħƟŒĔĸƟŏėňĵĚȮĪņŒľƟŏĝŊŗŀĴńŗĬœħƟĺƞŅ
ĶŃĭĭĴňėĺŅĴĬƞŅŏĝŊŗŀĩŊŀĽņľĶńĭĔŅĶŒĝƟĚŅĬěĶŇĚ 
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 3,/,0ȮĮĶŃĽŇĪīŇĳŅıĕŀĚĔĶŃĭĺĬĔŅĶŀĭŐľƟĚȮ&ħƟŅĬŏĺĸŅŐĸŃėŋĦĳŅı'  

  ěŅĔĕƟŀĴŌĸĪňŗœħƟȮĔĶŃĭĺĬĔŅĶŀĭŐľƟĚľĸńĚĨŇħĨńŘĚȮIoT ĴňĶŃĵŃŏĺĸŅĶĺĴĸħĸĚŀĵƞŅĚ
ĝńħŏěĬŏĴŊŗŀŏĪňĵĭĔńĭĔƞŀĬĨŇħĨńŘĚȮŐĽħĚĩŉĚĮĶŃĽŇĪīŇĳŅıħƟŅĬŏĺĸŅĪňŗħňĕŉŘĬȮĶŃĭĭėĺĭėŋĴĝƞĺĵĸħĝƞĺĚŏĺĸŅĪňŗ
ŏĴĸŖħĔŅŐĲĨƟŀĚĶŀėŀĵőħĵŏĮĸƞŅĮĶŃőĵĝĬƢȮ&ŏĝƞĬȮŒĬėŊĬĪňŗėĺŅĴĝŊŘĬĽŌĚľĶŊŀĺńĬİĬĨĔ'ȮŏıĶŅŃĵńĚėĚĴňĔŅĶ
ěńħĔŅĶĶŃĭŅĵŀŅĔŅĻĝƞĺĵŒľƟĔŅĶŀĭŐľƟĚħņŏĬŇĬĨƞŀœĮœħƟĭŅĚĽƞĺĬȮįĸĪňŗœħƟėŊŀĽŅĴŅĶĩĸħĶŃĵŃŏĺĸŅŒĬ
ĔĶŃĭĺĬĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲŏĜĸňŗĵĨƞŀĶŋƞĬĸĚȮ6 ĺńĬȮħńĚĪňŗĶŃĭŋœĺƟȮĞŉŗĚĽŀħėĸƟŀĚĔńĭŐĬĺėŇħĪňŗĺƞŅĔŅĶ
ŀĭŐľƟĚħƟĺĵĔŅĶėĺĭėŋĴĽĳŅĺŃŀĵƞŅĚŏľĴŅŃĽĴěŃŏĶŖĺĕŉŘĬĔĺƞŅĔŅĶĮĸƞŀĵŒľƟŀĭĨŅĴīĶĶĴĝŅĨŇŀĵƞŅĚŏħňĵĺȮ
ĬŀĔěŅĔħƟŅĬŏĺĸŅŐĸƟĺȮėŋĦĳŅıĕŀĚŏĴĸŖħĔŅŐĲľĸńĚŀĭĔŖĴňėĺŅĴĽĴŗņŏĽĴŀŐĸŃŀĵŌƞŒĬŏĔĦĤƢĪňŗħňĪŋĔėĶńŘĚȮ
œĴƞıĭĮƤĠľŅŏĴĸŖħĭŅĚĽƞĺĬĪňŗĵńĚœĴƞŐľƟĚľĶŊŀėĺŅĴĝŊŘĬŏĔŇĬĴŅĨĶģŅĬȮĞŉŗĚŏħŇĴŀŅěŏĔŇħĕŉŘĬœħƟŏĴŊŗŀŀĭŐĭĭ
ħńŘĚŏħŇĴőħĵœĴƞĴňŏėĶŊŗŀĚĴŊŀĔŅĶĨĶĺěĺńħĪňŗŏĮƦĬĴŅĨĶģŅĬȮŐĸŃĔŅĶĪňŗŏĴĸŖħĪŋĔĽƞĺĬĩŌĔŀĭěĬœħƟėĺŅĴĝŊŘĬ
ĮĶŃĴŅĦȮ12% ŒĔĸƟŏėňĵĚĔńĬĪņŒľƟėŋĦĳŅıįĸŇĨĳńĦĤƢĴňėĺŅĴĽĴŗņŏĽĴŀȮĽƞĚįĸħňĨƞŀĕńŘĬĨŀĬĔŅĶėńŗĺŐĸŃ
ĶĽĝŅĨŇĕŀĚĔŅŐĲŒĬĪňŗĽŋħȮŀňĔĪńŘĚĵńĚĝƞĺĵĸħėĺŅĴŏĽňŗĵĚĔŅĶŏĔŇħŏĝŊŘŀĶŅŐĸŃĔŅĶŏĬƞŅŏĽňĵĕŀĚŏĴĸŖħĶŃľĺƞŅĚ
ĔŅĶŏĔŖĭıńĔľĸńĚŀĭŐľƟĚ 

 3,0,1ȮħƟŅĬŐĶĚĚŅĬŐĸŃĔŅĶĮĢŇĭńĨŇĚŅĬĕŀĚįŌƟŒĝƟĚŅĬ  

  ĶŃĭĭȮIoT ĪňŗĨŇħĨńŘĚĝƞĺĵĸħĳŅĶŃĚŅĬĕŀĚŐĶĚĚŅĬėĬŀĵƞŅĚŏĮƦĬĶŌĮīĶĶĴȮħńĚĪňŗįĸ
ĔŅĶĻŉĔļŅŐĽħĚŒľƟŏľŖĬĺƞŅėĺŅĴĩňŗŒĬĔŅĶŏĕƟŅœĮĨĶĺěĽŀĭőĶĚŀĭŐľƟĚĸħĸĚěŅĔľĸŅĵėĶńŘĚĨƞŀĺńĬŏľĸŊŀ
ŏıňĵĚĮĶŃĴŅĦĺńĬĸŃėĶńŘĚľĶŊŀĬƟŀĵĔĺƞŅȮįŌƟĮĢŇĭńĨŇĚŅĬĽŅĴŅĶĩĨĶĺěŏĝŖėĽĩŅĬŃĨƞŅĚŕȮįƞŅĬĽĴŅĶƢĪ
őĲĬľĶŊŀėŀĴıŇĺŏĨŀĶƢœħƟȮĪņŒľƟœĴƞĨƟŀĚŏİƚŅħŌŐĸŀĵƞŅĚŒĔĸƟĝŇħĨĸŀħŏĺĸŅŏľĴŊŀĬŒĬŀħňĨȮĔŇěĔĶĶĴĪňŗĨƟŀĚ
ĪņĞŘņŕȮŏĮƦĬĮĶŃěņȮ&routine) ŏĝƞĬȮĔŅĶĺńħėĺŅĴĝŊŘĬŏĴĸŖħľĶŊŀĔŅĶıĸŇĔĔĸńĭŏĴĸŖħĔŅŐĲȮĩŌĔĪħŐĪĬ
ħƟĺĵĶŃĭĭŀńĨőĬĴńĨŇŐĸŃĔŅĶŀŀĔŐĭĭĔŅĶœľĸŏĺňĵĬŀŅĔŅĻĳŅĵŒĬĪňŗħňĕŉŘĬȮįŌƟĮĢŇĭńĨŇĚŅĬěŉĚĴňŏĺĸŅœĮ
ĪņĚŅĬŀŊŗĬĪňŗŏĮƦĬĮĶŃőĵĝĬƢĨƞŀĔĶŃĭĺĬĔŅĶįĸŇĨľĶŊŀĔŅĶŏĔļĨĶĽƞĺĬŀŊŗĬŕȮœħƟȮĬŀĔěŅĔĬňŘȮĔŅĶĪňŗĶŃĭĭĴň
ĔŅĶŐěƟĚŏĨŊŀĬŐĸŃŐĽħĚįĸįƞŅĬŀŇĬŏĪŀĶƢŏĬŖĨĵńĚĝƞĺĵĸħėĺŅĴįŇħıĸŅħěŅĔĴĬŋļĵƢȮ&Human Error) Īňŗ
ŀŅěĸŊĴľĶŊŀĴŀĚĕƟŅĴĔŅĶĨĶĺěŏĝŖėĭŅĚŀĵƞŅĚȮėĺŅĴĽĴŗņŏĽĴŀĕŀĚĔŅĶėĺĭėŋĴőħĵĶŃĭĭŀńĨőĬĴńĨŇĪņŒľƟ
ĚŅĬĕŀĚŐĶĚĚŅĬėĬĚƞŅĵĕŉŘĬŐĸŃĴňĮĶŃĽŇĪīŇĳŅıĕŉŘĬȮĔĸƞŅĺőħĵĽĶŋĮėŊŀŐĶĚĚŅĬėĬĵńĚėĚĴňĭĪĭŅĪŒĬĔŅĶ
ħŌŐĸĳŅıĶĺĴŐĸŃěńħĔŅĶĕńŘĬĨŀĬĪňŗĶŃĭĭŀńĨőĬĴńĨŇœĴƞėĶŀĭėĸŋĴȮŐĨƞĳŅĶŃĚŅĬőħĵĶĺĴĸħĸĚŐĸŃėĺŅĴ
ĽŃħĺĔĽĭŅĵŒĬĔŅĶĪņĚŅĬŏıŇŗĴĕŉŘĬŀĵƞŅĚĝńħŏěĬ 
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5.0 ĕƟŀŏĽĬŀŐĬŃ 
 įĸĔŅĶĺŇěńĵėĶńŘĚĬňŘĝňŘŒľƟŏľŖĬĺƞŅŏĪėőĬőĸĵňȮIoT ĴňĻńĔĵĳŅıĽŌĚŒĬĔŅĶĮĶńĭĮĶŋĚĔĶŃĭĺĬĔŅĶŀĭŐľƟĚ
ŏĴĸŖħĔŅŐĲŒĬĶŃħńĭĝŋĴĝĬȮħńĚĬńŘĬŏıŊŗŀŒľƟŏĔŇħĔŅĶĮĶŃĵŋĔĨƢŒĝƟěĶŇĚŀĵƞŅĚĵńŗĚĵŊĬŐĸŃĨƞŀĵŀħŀĚėƢėĺŅĴĶŌƟœĮ
ŒĬĺĚĔĺƟŅĚȮįŌƟĺŇěńĵĴňĕƟŀŏĽĬŀŐĬŃħńĚĨƞŀœĮĬňŘ 

3,0,/ȮĔŅĶĬņĶŃĭĭœĮŒĝƟěĶŇĚŒĬĝŋĴĝĬ  

 ėĺĶĴňĔŅĶĩƞŅĵĪŀħŀĚėƢėĺŅĴĶŌƟŐĸŃİƗĔŀĭĶĴŏĔļĨĶĔĶľĶŊŀįŌƟĮĢŇĭńĨŇĚŅĬŒĬĝŋĴĝĬŀĵƞŅĚ
ĨƞŀŏĬŊŗŀĚŏĔňŗĵĺĔńĭĺŇīňĔŅĶĨŇħĨńŘĚȮŒĝƟĚŅĬȮŐĸŃĭņĶŋĚĶńĔļŅĶŃĭĭȮIoT ĪňŗıńĥĬŅĕŉŘĬȮŏıŊŗŀŒľƟŏĔŇħėĺŅĴĴńŗĬŒěŒĬ
ĔŅĶŒĝƟĚŅĬěĶŇĚȮĶŃľĺƞŅĚĔŅĶŒĝƟĚŅĬěĶŇĚėĺĶĴňėŌƞĴŊŀľĶŊŀĴŅĨĶĔŅĶĶŀĚĶńĭŒĬĔĶĦňĪňŗĶŃĭĭĕńħĕƟŀĚȮ&ŏĝƞĬȮĔŅĶ
ĽĸńĭĴŅŒĝƟĚŅĬŐĭĭŐĴĬĬĺĸĝńŗĺėĶŅĺ'ȮŏıŊŗŀĮƚŀĚĔńĬėĺŅĴŏĽňĵľŅĵĕŀĚįĸįĸŇĨȮĬŀĔěŅĔĬňŘȮėĺĶıŇěŅĶĦŅ
ĮĶńĭĮĶŋĚĨńĺőėĶĚĽĶƟŅĚőĶĚŀĭŐľƟĚŒľƟĴňėĺŅĴĪĬĪŅĬŐĸŃŏľĴŅŃĽĴȮŏĝƞĬȮĔŅĶĮƚŀĚĔńĬĬŘņİĬĶńŗĺĞŉĴȮĔŅĶěńħ
ŐľĸƞĚıĸńĚĚŅĬĽņĶŀĚȮ&ŐĭĨŏĨŀĶňŗľĶŊŀőĞĸŅĶƢŏĞĸĸƢŏıŇŗĴŏĨŇĴ'ȮĽņľĶńĭěƞŅĵœĲŒľƟĶŃĭĭȮIoT ŒĬĔĶĦňœĲĲƚŅ
ħńĭȮłĸłȮŏıŊŗŀŒľƟĔŅĶŒĝƟĚŅĬěĶŇĚŏĮƦĬœĮŀĵƞŅĚĶŅĭĶŊŗĬ 

 3,0,0ȮĔŅĶıńĥĬŅĶŃĭĭŏıŇŗĴŏĨŇĴŒĬŀĬŅėĨ  

  ěŅĔĮĶŃĽĭĔŅĶĦƢŒĬĔŅĶĺŇěńĵėĶńŘĚĬňŘȮĽŅĴŅĶĩŏĽĬŀŐĬĺĪŅĚıńĥĬŅĨƞŀĵŀħœħƟľĸŅĵ
ĮĶŃĔŅĶȮŏĝƞĬȮ&1) ŏıŇŗĴŏĞŖĬŏĞŀĶƢĺńħŐĽĚŐħħľĶŊŀĮĶŇĴŅĦĶńĚĽňħĺĚŀŅĪŇĨĵƢ ŏıŊŗŀŒľƟĶŃĭĭĶńĭĶŌƟĽĳŅĺŃ
ĳŅĵĬŀĔœħƟĸƞĺĚľĬƟŅŐĸŃĮĶńĭĔŅĶėĺĭėŋĴŒľƟŏľĴŅŃĽĴĵŇŗĚĕŉŘĬȮŏĝƞĬȮľŅĔŐĽĚŐħħŐĶĚĴŅĔŀŅěĮĶńĭĸħĔŅĶ
ĶŃĭŅĵŀŅĔŅĻŏıŊŗŀĔńĔŏĔŖĭėĺŅĴĶƟŀĬȮľĶŊŀľŅĔŐħħŀƞŀĬŐĸŃėĺŅĴĝŊŘĬĽŌĚŀŅěŏıŇŗĴĶŀĭĔŅĶĪņĚŅĬĕŀĚıńħ
ĸĴȮŏĮƦĬĨƟĬ (2) ıńĥĬŅĶŃĭĭĔŅĶŐěƟĚŏĨŊŀĬȮ&Alert System) ĽƞĚœĮĵńĚįŌƟħŌŐĸįƞŅĬĪŅĚŐŀĮıĸŇŏėĝńĬĴŊŀ
ĩŊŀľĶŊŀȮSMS ŏĴŊŗŀĴňŏľĨŋĔŅĶĦƢĽņėńĠȮŏĝƞĬȮėĺŅĴĝŊŘĬľĶŊŀŀŋĦľĳŌĴŇŀĵŌƞĬŀĔĝƞĺĚĪňŗĔņľĬħȮľĶŊŀŏĴŊŗŀĨƟŀĚĴň
ĔŅĶħņŏĬŇĬĔŅĶěŅĔĴĬŋļĵƢȮ&ŏĝƞĬȮŏĴĸŖħŐľƟĚĩŉĚĶŃħńĭĪňŗĨƟŀĚĬņŀŀĔěŅĔőĶĚŀĭŐĸƟĺ'ȮĶŃĭĭŐěƟĚŏĨŊŀĬĬňŘěŃ
ĝƞĺĵŒľƟįŌƟĮĢŇĭńĨŇĚŅĬĨŀĭĽĬŀĚœħƟĪńĬĪƞĺĚĪňŐĸŃŏıŇŗĴėĺŅĴĴńŗĬŒěŒĬĔŅĶėĺĭėŋĴĶŃĵŃœĔĸ; (3) ĔŅĶĨƞŀĵŀħȮ
IoT ĽŌƞĔĶŃĭĺĬĔŅĶŀŊŗĬŕ ŒĬĔŅĶŐĮĶĶŌĮĪŅĚĔŅĶŏĔļĨĶȮŏĝƞĬȮĔŅĶŀĭŐľƟĚįĸįĸŇĨĝĬŇħŀŊŗĬȮ&ıĶŇĔȮŏľŖħȮ
ĽĴŋĬœıĶȮŏĮƦĬĨƟĬ'ȮĞŉŗĚŀŅěĨƟŀĚĮĶńĭŐĨƞĚŏĚŊŗŀĬœĕĔŅĶėĺĭėŋĴĨŅĴĸńĔļĦŃĕŀĚĺńĽħŋȮŐĨƞĽŅĴŅĶĩŒĝƟ
őėĶĚĽĶƟŅĚıŊŘĬģŅĬĕŀĚĶŃĭĭĪňŗıńĥĬŅĬňŘŏĮƦĬģŅĬœħƟȮįĸĔŅĶĩƞŅĵĪŀħŀĚėƢėĺŅĴĶŌƟěŅĔĚŅĬĺŇěńĵĬňŘėŅħĺƞŅěŃ
ĝƞĺĵŒľƟĝŋĴĝĬĽŅĴŅĶĩĬņŏĪėőĬőĸĵňȮIoT œĮĮĶńĭŒĝƟŒľƟŏĔŇħĮĶŃőĵĝĬƢěĶŇĚȮŐĸŃŏĔŇħĔŅĶĨƞŀĵŀħĬĺńĨĔĶĶĴ
ĔŅĶŐĮĶĶŌĮŒĬĳŅėĔŅĶŏĔļĨĶŀŊŗĬŕȮŒĬŀĬŅėĨȮĨĸŀħěĬĽŀħėĸƟŀĚĔńĭŏĮƚŅľĴŅĵŒĬĔŅĶĽĶƟŅĚėĺŅĴĵńŗĚĵŊĬ
ŒľƟŐĔƞĝŋĴĝĬĪńŘĚĪŅĚħƟŅĬŏĻĶļģĔŇěŐĸŃŀĚėƢėĺŅĴĶŌƟĪŅĚŏĪėőĬőĸĵňȮĽņľĶńĭĔŅĶĺŇěńĵŒĬŀĬŅėĨėĺĶĴň
ĔŅĶĻŉĔļŅĮĶŃŏĴŇĬėĺŅĴėŋƟĴėƞŅĪŅĚŏĻĶļģĻŅĽĨĶƢĕŀĚĔŅĶĨŇħĨńŘĚĶŃĭĭȮIoT ŒĬĔĶŃĭĺĬĔŅĶŀĭŐľƟĚŀĵƞŅĚ
ĸŃŏŀňĵħȮŏĝƞĬȮŏĮĶňĵĭŏĪňĵĭĨƟĬĪŋĬŀŋĮĔĶĦƢĔńĭĴŌĸėƞŅŏıŇŗĴĕŀĚįĸįĸŇĨĪňŗœħƟľĶŊŀĔŅĶĮĶŃľĵńħŐĶĚĚŅĬĪňŗ
ŏĔŇħĕŉŘĬȮŏıŊŗŀĵŊĬĵńĬĩŉĚėĺŅĴŏľĴŅŃĽĴŒĬĔŅĶĸĚĪŋĬŒĬĶŃħńĭĔĺƟŅĚĕĺŅĚȮĬŀĔěŅĔĬňŘŀŅěıŇěŅĶĦŅĬņ
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ŏĪėĬŇėĔŅĶĺŇŏėĶŅŃľƢŏĝŇĚĕƟŀĴŌĸŐĸŃĔŅĶŏĶňĵĬĶŌƟĕŀĚŏėĶŊŗŀĚȮ&machine learning) ŏĕƟŅĴŅĝƞĺĵĮĶńĭĮĶŋĚ
ĔŅĶėĺĭėŋĴĔĶŃĭĺĬĔŅĶŒľƟĴňĮĶŃĽŇĪīŇĳŅıĽŌĚĽŋħőħĵŀńĨőĬĴńĨŇȮŏĝƞĬȮĔŅĶĽĶƟŅĚőĴŏħĸĪņĬŅĵėĺŅĴĝŊŘĬ
ĕŀĚŏĴĸŖħěŅĔĽĳŅıŀŅĔŅĻŐĸŃĮĶŃĺńĨŇĕƟŀĴŌĸȮŏıŊŗŀŒľƟĶŃĭĭȮIoT ĽŅĴŅĶĩĺŅĚŐįĬĔŅĶŀĭŐľƟĚľĶŊŀĮĶńĭ
ĔŅĶĪņĚŅĬĸƞĺĚľĬƟŅœħƟŀĵƞŅĚĝŅĠĜĸŅħĵŇŗĚĕŉŘĬȮĽŋħĪƟŅĵĬňŘȮĔŅĶĽĶƟŅĚŏėĶŊŀĕƞŅĵĔŅĶŏĶňĵĬĶŌƟĶŃľĺƞŅĚĝŋĴĝĬ
įŌƟŒĝƟĚŅĬľĸŅĵŕȮŐľƞĚĔŖŏĮƦĬĽŇŗĚĪňŗĬƞŅĽƞĚŏĽĶŇĴȮŏıŊŗŀŐĸĔŏĮĸňŗĵĬĮĶŃĽĭĔŅĶĦƢŐĸŃĮĶńĭĮĶŋĚĬĺńĨĔĶĶĴŒľƟ
ŏľĴŅŃĽĴĔńĭĭĶŇĭĪĪňŗľĸŅĔľĸŅĵȮŀńĬěŃĬņœĮĽŌƞĔŅĶĵĔĶŃħńĭėŋĦĳŅıĔŅĶįĸŇĨĔŅŐĲœĪĵŐĸŃįĸįĸŇĨ
ĔŅĶŏĔļĨĶŀŊŗĬŕȮœħƟŀĵƞŅĚĵńŗĚĵŊĬĨƞŀœĮ 
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/,ȮĶŌĮŐĭĭĔŅĶŏĕňĵĬőėƠħőĮĶŐĔĶĴħƟĺĵĳŅļŅĞňȮ&C/C++) įƞŅĬŐıĸĨĲŀĶƢĴȮArduino IDE 

 
/**********************************************************************
**************************************  
 * Project      :     Project_IOT_ āäÈîÛÂóĀà_tiny32_googleSheet_blynk  
 * Description  :     āÜäĀÂäâÂóäÛòÚØ÷ÂÅ¬óăè­Øöć Google Spread Sheet  
 *                    ÂòÛÿÌÚÿÌîä°Ö¬óÈą Āæ­èĀëÕÈÝæĀæñÅèÛÅùâÕ­èã Blynk  

 * Hardware     :     tiny32          
 * Author       :     Surakiatth@energy.go.th  
 * Date         :     27/08/2022  
 * Revision     :     0.1.0  
 * Rev1.0       :     Initial  
/**********************************************************************
***********************************/  
#include  <Arduino.h>  
#include  <WiFi.h>  
#include  <HTTPClient.h>  
#include  <tiny32_v3.h>   //for tiny32_v3  
#include  "otaUpdate.h"   // for OTA 
#include  <EEPROM.h> 
 
long  timer_start_set [ 1] = { 0xFFFF};  
long  timer_stop_set [ 1] = { 0xFFFF};  
unsigned  char  weekday_set [ 1];  
 
long  rtc_sec;  
unsigned  char  day_of_week;  
 
// Fill - in information from your Blynk Template here  
#define  BLYNK_TEMPLATE_ID "TMPLKvnxSJ9F" 
#define  BLYNK_DEVICE_NAME "Tiny32 IoT"  
#define  BLYNK_AUTH_TOKEN "T2aK8Hzbm51nBARyVfMpxPeyPSHw- 0nS" 
#define  BLYNK_FIRMWARE_VERSION "0.1.0"  
#define  BLYNK_PRINT Serial  
#define  APP_DEBUG 
#include  "BlynkEdgent.h"  
#include  <TimeLib.h>  
#define  RELAY_PIN 14  / /  ÅèÛÅùâ ÿÜõÕ-ÜõÕ ăàĀëÕÈë×óÚñëöÚČĈóÿÈõÚ 

 
tiny32_v3 mcu;  
BlynkTimer timer;  
 
//Change SSID and password of WiFi router here  
const  char * ssid = "IoT WiFi by MOEN" ;  
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const  char * password = "0937574031" ;  
 
String GOOGLE_SCRIPT_ID = 
"AKfycbzys_f7LO3oH8026gUI5NIMV1GsQjXskmESFVKJRst65eGq14Gtr3AgxcDFwKsJ4o
vLLg" ;   //Change Deployment ID here  
 
const  char * root_ca =  
  " ----- BEGIN CERTIFICATE----- \ n"  
  "MIIDujCCAqKgAwIBAgILBAAAAAABD4Ym5g0wDQYJKoZIhvcNAQEFBQAwTDEgMB4G\ n"  
  "A1UECxMXR2xvYmFsU2lnbiBSb290IENBIC0gUjIxEzARBgNVBAoTCkdsb2JhbFNp\ n"  
  "Z24xEzARBgNVBAMTCkdsb2JhbFNpZ24wHhcNMDYxMjE1MDgwMDAwWhcNMjExMjE1\ n"  
  "MDgwMDAwWjBMMSAwHgYDVQQLExdHbG9iYWxTaWduIFJvb3QgQ0EgLSBSMjETMBEG\ n"  
  "A1UEChMKR2xvYmFsU2lnbjETMBEGA1UEAxMKR2xvYmFsU2lnbjCCASIwDQYJKoZI\ n"  
  "hvcNAQEBBQADggEPADCCAQoCggEBAKbPJA6+Lm8omUVCxKs+IVSbC9N/hHD6ErPL\ n"  
  "v4dfxn+G07IwXNb9rfF73OX4YJYJkhD10FPe+3t+c4isUoh7SqbKSaZeqKeMWhG8\ n"  
  "eoLrvozps6yWJQeXSpkqBy+0Hne/ig+1AnwblrjFuTosvNYSuetZfeLQBoZfXklq \ n"  
  "tTleiDTsvHgMCJiEbKjNS7SgfQx5TfC4LcshytVsW33hoCmEofnTlEnLJGKRILzd\ n"  
  "C9XZzPnqJworc5HGnRusyMvo4KD0L5CLTfuwNhv2GXqF4G3yYROIXJ/gkwpRl4pa\ n"  
  "zq+r1feqCapgvdzZX99yqWATXgAByUr6P6TqBwMhAo6CygPCm48CAwEAAaOBnDCB\ n"  
  "mTAOBgNVHQ8BAf8EBAMCAQYwDwYDVR0TAQH/BAUwAwEB/zAdBgNVHQ4EFgQUm+IH\ n"  
  "V2ccHsBqBt5ZtJot39wZhi4wNgYDVR0fBC8wLTAroCmgJ4YlaHR0cDovL2NybC5n\ n"  
  "bG9iYWxzaWduLm5ldC9yb290LXIyLmNybDAfBgNVHSMEGDAWgBSb4gdXZxwewGoG\ n"  
  "3lm0mi3f3BmGLjANBgkqhkiG9w0BAQUFAAOCAQEAmYFThxxol4aR7OBKuEQLq4Gs\ n"  
  "J0/WwbgcQ3izDJr86iw8bmEbTUsp9Z8FHSbBuOmDAGJFtqkIk7mpM0sYmsL4h4hO\ n"  
  "291xNBrBVNpGP+DTKqttVCL1OmLNIG+6KYnX3ZHu01yiPqFbQfXf5WRDLenVOavS\ n"  
  "ot+3i9DAgBkcRcAtjOj4LaR0VknFBbVPFd5uRHg5h6h+u/N5GJG79G+dwfCMNYxd\ n"  
  "AfvDbbnvRG15RjF+Cv6pgsH/76tuIMRQyV+dTZsXjAzlAcmgQWpzU/qlULRuJQ/7\ n"  
  "TBj0/VLZjmmx6BEP3ojY+x1J96relc8geMJgEtslQIxq/H5COEBkEveegeGTLg== \ n"  
  " ----- END CERTIFICATE----- \ n" ;  
 
/*** Add ***/  
#define  WIFI_IP      V100 //*** String IP  
 

void  sendData( String  params);  
void  ReadSensor( void );  
void  condition ( void );  
 
WiFiClientSecure client;   / /ÜäñÂóéÖòèĀÜä Object WiFi Client  

 
uint8_t  wifistatus;   / /ÖòèĀÜäëČóìäòÛÖäèÉëîÛë×óÚñÃîÈÂóäÿËøćîâÖ¬î WiFi  

uint8_t  id_1 = 1;     //Address of XY - MD02 sensor module, sensor temp_1 
& humi_1  
uint8_t  id_2 = 2;     //Address of XY - MD02 sensor module, sensor temp_2 
& humi_2  
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uint8_t  id_3 = 3;     //Address of XY - MD02 sensor module, sensor temp_3 
& humi_3  
uint8_t  id_4 = 4;     //Address of XY - MD02 sensor module, sensor temp_4 
& humi_4  
uint8_t  id_5 = 5;     //Address if PZEM - 016, sensor AC meter  
float  volt, amp, power, freq, pf;  
uint16_t  energy;  
float  energy_kW;  
 
int  cnt = 0;        // ÖòèĀÜäÚòÛëČóìäòÛÂóäë¬ÈÅ¬óăÜãòÈ google sheet  
int  cnt_loop = 0;   / /  ÖòèĀÜäÚòÛäîÛ loop ÿßøćî reboot îùÜÂäÔ° 

 
//define the number of bytes you want to access  
#define  EEPROM_SIZE 512 
 
//EEPROM Address 
#define  upper_humidity_eep 0  //4 bytes - > 0x00 -  0x03 
#define  lower_humidity_eep 4  //4 bytes - > 0x04 -  0x07 
#define  timer_start_set_eep 8 //4 bytes - > 0x08 -  0x11 
#define  timer_stop_set_eep 12 //4 bytes - > 0x12 -  0x19 
#define  google_record_eep 16//4 bytes - > 0x12 -  0x19 
 
float  upper_humidity;   / /  Å¬óÅèóâËøĈÚÅ¬óëúÈ **************************** 
float  lower_humidity;   / /  Å¬óÅèóâËøĈÚÅ¬óÖČćó **************************** 

 
float  google_record, google_cal;  
 
//#####################################################################
##### 
BLYNK_WRITE(V19)   / /ÂČóìÚÕ ƕûBlynk Visual PIN  

{  
  upper_humidity = param. asInt ();  
  Serial . printf ( "upper_humidity => %.1f \ r \ n" , upper_humidity);  
  EEPROM. writeFloat (upper_humidity_eep, upper_humidity);  
  EEPROM. commit();  
}  
//#####################################################################
##### 
BLYNK_WRITE(V20) {  
  lower_humidity = param. asInt ();  
  Serial . printf ( "lower_humidity => %.1f \ r \ n" , lower_humidity);  
  EEPROM. writeFloat (lower_humidity_eep, lower_humidity);  
  EEPROM. commit();  
}  



111 

 

 

//#####################################################################
##### 
BLYNK_WRITE(V21)  // Timer 1  
{  
  unsigned  char  week_day;  
  
  TimeInputParam t (param);  
 
  if  ( t . hasStartTime () && t . hasStopTime () )  
  {  
    timer_start_set [ 0] = ( t . getStartHour () * 60 * 60) + 
( t . getStartMinute () * 60) + t . getStartSecond ();  
    timer_stop_set [ 0] = ( t . getStopHour () * 60 * 60) + 
( t . getStopMinute () * 60) + t . getStopSecond ();  
     
    Serial . println ( String ( "Start Time: " ) +  
                   t . getStartHour () + ":"  + 
                   t . getStartMinute () + ":"  + 
                   t . getStartSecond ());  
                    
    Serial . println ( String ( "Stop Time: " ) +  
                   t . getStopHour () + ":"  + 
                   t . getStopMinute () + ":"  + 
                   t . getStopSecond ());  
                    
    for  ( int  i = 1; i <= 7; i++)  
    {  
      if  ( t . isWeekdaySelected (i))  
      {  
        week_day |= ( 0x01 << (i - 1));  
        Serial . println ( String ( "Day " ) + i + " is selected" );  
      }  
      else  
      {  
        week_day &= (~( 0x01 << (i - 1)));  
      }  
    }  
 
    weekday_set [ 0] = week_day;  
  }  
  else  
  {  
    timer_start_set [ 0] = 0xFFFF;  
    timer_stop_set [ 0] = 0xFFFF;  
  }  
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  EEPROM. writeFloat (timer_start_set_eep, timer_start_set [ 0]);  
  EEPROM. writeFloat (timer_stop_set_eep, timer_stop_set [ 0]);  
  EEPROM. commit();  
}  
//#####################################################################
##### 
BLYNK_WRITE(V22)   // button for Energy PZEM - 016 Reset  
{  
  int  Reset_energy = param. asInt ();  
  if (Reset_energy == 1)  
  {  
  Serial . println ( "###### Reset PZEM - 016 : Energy ######" );  
  mcu. buzzer_beep ( 3);  
  vTaskDelay ( 1000);  
  mcu. PZEM_016_ResetEnergy(id_5);  
  }  
  else  {Reset_energy= 0;}  
}  
 
//#####################################################################
##### 
BLYNK_WRITE(V23) {  
  google_record = param. asInt ();  
  Serial . printf ( "google loop record => %.1f \ r \ n" , google_record);  
  EEPROM. writeFloat (google_record_eep, google_record);  
  EEPROM. commit();  
}  
//#####################################################################
##### 
BLYNK_WRITE(V24)   // Push button for reboot  
{  
  int  Reboot_swt = param. asInt ();  
  if (Reboot_swt == 1)  
  {  
  Serial . println ( "###### PUSH Reboot ######" );  
  mcu. buzzer_beep ( 3);  
  vTaskDelay ( 1000);  
  ESP. restart ();  
  }  
  else  {Reboot_swt= 0;}  
}  
//#####################################################################
##### 
BLYNK_WRITE(InternalPinRTC)  
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{  
  const  unsigned  long  DEFAULT_TIME = 1357041600;  // Jan 1 2013  
  unsigned  long  blynkTime = param. asLong();  
   
  if  (blynkTime >= DEFAULT_TIME)  
  {  
    setTime (blynkTime);  
 
    day_of_week = weekday();  
   
    if  ( day_of_week == 1 )  
      day_of_week = 7;  
    else  
      day_of_week - = 1;  
     
    rtc_sec = ( hour ()* 60* 60) + ( minute ()* 60) + second();  
    
    Serial . println (blynkTime);  
    Serial . println ( String ( "RTC Server: " ) + hour () + ":"  + minute () + 
":"  + second());  
    Serial . println ( String ( "Day of Week: " ) + weekday());  
  }  
}  
//#####################################################################
##### 
BLYNK_CONNECTED()  
{  
  Blynk . sendInternal ( "rtc" , "sync" );  
}  
// 
#######################################################################
## 
void  checkTime()  
{  
  Blynk . sendInternal ( "rtc" , "sync" );  
}  
// 
#######################################################################
## 
float  t1, t2, t3, t4;   / /ÖòèĀÜäÿÂĆÛÅ¬óîùÔìáúâõ 
float  h1, h2, h3, h4;   / /ÖòèĀÜäÿÂĆÛÅ¬óÅèóâËøĈĈÚ 
/ / float t6,h6;            / /ÿÂĆÛÅ¬óÿÊæöćãÃîÈÅèóâËøĈÚĀæñîùÔìáúâõáóãĂÚ 
bool  relay_status = 0;   / /ÖòèĀÜäë×óÚñÂóäØČóÈóÚÃîÈ relay  

//#####################################################################
##### 
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void  setup () {  
  Serial . begin ( 115200);  
  Serial . println ( "**** IoT _Coffee Rev. 0.1.0 **** \ n" );  
  mcu. XY_MD02_begin(RXD2, TXD2);  
  mcu. PZEM_016_begin(RXD2, TXD2);  
  mcu. library_version ();  
  pinMode(RELAY_PIN, OUTPUT);  / /  ÅèÛÅùâ PIN 14  

 
  Serial . println ( "Info: Connecting Wi - Fi" );  
  uint8_t  _error_cnt = 0;  
  WiFi . mode(WIFI_STA);  
  WiFi . begin (ssid, password);  
  Serial . print ( "Connecting" );  
 
  while  ( WiFi . status () != WL_CONNECTED) {  
    Serial . print ( "." );  
    delay ( 1000);  
    if  (_error_cnt++ > 60)   // more than 60 second if can't connect to 
wifi, system will restart  
    {  
      Serial . printf ( " \ n Error: Can't connect to wifi \ r \ n" );  
      ESP. restart ();  
      mcu. buzzer_beep ( 3);  
    }  
  }  
 
  Serial . println ( "Connected \ n" );  
  Serial . print ( " SSID: " );  
  Serial . println ( WiFi . SSID());  
  Serial . print ( " IP address: " );  
  Serial . println ( WiFi . localIP ());  
 
  otaUpdateFunction ();   //*call OTA function  
  mcu. buzzer_beep ( 2);  
  vTaskDelay ( 45000);  
 
  mcu. buzzer_beep ( 4);  
  vTaskDelay ( 1000);  
   
  Blynk . begin ( "T2aK8Hzbm51nBARyVfMpxPeyPSHw- 0nS", "IoT WiFi by MOEN" , 
"0937574031" );   / /ÿäõćâÂóäÿËøćîâÖ¬î Blynk Server  

  bool  blynk_result = Blynk . connected ();  
  uint8_t  blynk_cnt = 0;  
 
  while  (blynk_result == false ) {  
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    delay ( 1000);  
    Serial . print ( "." );  
    if  (blynk_cnt++ > 60)   // more than 60 second if can't connect , 
system will restart  
    {  
      Serial . println ( "Error: Can't connect to Blynk server \ r \ n" );  
      Serial . println ( " **** System will restart \ r \ n" );  
      ESP. restart ();  
      mcu. buzzer_beep ( 3);  
    }  
  }  
 
  Serial . println ( "Blynk Connected \ n" );  
  mcu. buzzer_beep ( 2);  
  vTaskDelay ( 1000);  
 
  Serial . println ( "**** EEPROM read ****" );  
  EEPROM. begin (EEPROM_SIZE); 
  /* EEPROM read */  
  upper_humidity = EEPROM. readFloat (upper_humidity_eep);  
  lower_humidity = EEPROM. readFloat (lower_humidity_eep);  
  timer_start_set [ 0] = EEPROM. readFloat (timer_start_set_eep);  
  timer_stop_set [ 0] = EEPROM. readFloat (timer_stop_set_eep);  
  google_record = EEPROM. readFloat (google_record_eep);  
 
  /* ÖäèÉëîÛè¬óÅ¬óî¬óÚăÕ­×úÂÖ­îÈ ×­óăâ¬×úÂÖ­îÈÉñÂČóìÚÕÅ¬ó default Ăì­ÂòÛ EEPROM */ 

  if  ( isnan (upper_humidity) || isnan (lower_humidity) || (upper_humidity 
== 0) || (lower_humidity == 0)) {  
    Serial . println ( "Write default humidity to EEPROM !!! \ r \ n" );  
    EEPROM. writeFloat (upper_humidity, 60.0 );  
    EEPROM. writeFloat (lower_humidity, 40.0 );  
    EEPROM. commit();  
  }  
 
  Serial . printf ( "EEPROM Upper humidity = %.1f \ r \ n" , upper_humidity);  
  Serial . printf ( "EEPROM Lower humidity = %.1f \ r \ n" , lower_humidity);  
   
  timer . setInterval ( 10000L, checkTime);  
  vTaskDelay ( 1000);  
}  
 
void  loop () {  
  timer . run ();  
  serverOTA. handleClient ();     // OTA function  
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  static  int  _error_wifi = 0;   / /ÖòèĀÜäëČóìäòÛÚòÛ ĂË­ÖäèÉëîÛÂóäÿËøćîâÖ¬îÂòÛ WiFi router ØöćÿÂõÕ
Âóä error  
  /*** ÖäèÉëîÛÂóäÿËøćîâÖ¬îÂòÛ WiFi router ***/  

  wifistatus = WiFi . status ();  
  if  (wifistatus == WL_CONNECTED) {  
    _error_wifi = 0;            // ØČóÂóääöÿÌÖÅ¬óÖòèĀÜä _error_wifi  
    serverOTA. handleClient ();   / /ÖäèÉëîÛ OTA update  

 
    sprintf (string, "IP: %s" , WiFi . localIP (). toString (). c_str ());  
    Blynk . virtualWrite (WIFI_IP,string);  
 
  } else  {  
    _error_wifi++;   / /ÿßõćâÅ¬óÖòèĀÜäăÜØöćæñ 1 

    Serial . printf ( "Warning: WiFi lost connection [ %d/12] \ r \ n" , 
_error_wifi);  
  }  
 
  /*** ×­óÿËøćîâÖ¬îăâ¬ăÕ­ÿÜĆÚÉČóÚèÚ 12 ÅäòĈÈ  ìäøîÜäñâóÔ 1 ÚóØö Öóâÿèæó loop Ăì­ØČóÂóääöÿÌÖäñÛÛĂìâ¬ ***/ 

  if  (_error_wifi >= 12) {  
    Serial . println ( "Error: can't connect network, tiny32 will reset 
board" );  
    mcu. buzzer_beep ( 3);  
    ESP. restart ();   / /ÅČóëòćÈĂÚÂóääöÿÌÖÛîä°Õ tiny32  

  }  
 
  static  int  error_blynk = 0;   / /ÖòèĀÜäëČóìäòÛÚòÛ ĂË­ÖäèÉëîÛÂóäÿËøćîâÖ¬îÂòÛ blynk server ØöćÿÂõÕ
Âóä error  

 
  /*** ÖäèÉëîÛÂóäÿËøćîâÖ¬îÂòÛ blynk serverr ***/  

  bool  blynk_status = Blynk . connected ();  
  if  (blynk_status == true )   //if (blynk_status == true)  
  {  
    error_blynk = 0;   / /ØČóÂóääöÿÌÖÅ¬óÖòèĀÜä error_blynk  

  } else  {  
    error_blynk++;   / /ÿßõćâÅ¬óÖòèĀÜäăÜØöćæñ 1 

    Serial . printf ( "Warning: Blynk server lost connection [ %d/12] \ r \ n" , 
error_blynk);  
  }  
 
  /*** ×­óÿËøćîâÖ¬îăâ¬ăÕ­ÿÜĆÚÉČóÚèÚ 12 ÅäòĈÈ ìäøîÜäñâóÔ 1 ÚóØö Öóâÿèæó loop Ăì­ØČóÂóääöÿÌÖäñÛÛĂìâ¬ ***/ 

  if  (error_blynk >= 12) {  
    Serial . println ( "Error: can't connect Blynk server, tiny32 will 
reset board" );  
    mcu. buzzer_beep ( 3);  
    ESP. restart ();   / /ÅČóëòćÈĂÚÂóääöÿÌÖÛîä°Õ tiny32  
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  }  
   
  ReadSensor();   / /  î¬óÚÿÌĆÚÿÌîä° 

     
bool  time_set_overflow;  
     
  for  ( int  i= 0; i< 1; i++)  
  {  
    time_set_overflow = 0;  
     
    if  ( timer_start_set [i] != 0xFFFF && timer_stop_set [i] != 0xFFFF)  
    {  
      if  ( timer_stop_set [i] < timer_start_set [i] ) time_set_overflow = 
1;  
 
      if  ((((time_set_overflow == 0 && (rtc_sec >= timer_start_set [i]) 
&& (rtc_sec < timer_stop_set [i])) ||  
        (time_set_overflow  && ((rtc_sec >= timer_start_set [i]) || 
(rtc_sec < timer_stop_set [i])))) &&  
        ( weekday_set [i] == 0x00 || ( weekday_set [i] & ( 0x01 << 
(day_of_week -  1) )))) )  
        {  
          Serial . println ( "**************** TIME 
START  *********************" );  
          condition ();  
        }  
        else  {  
            relay_status = 0;  
            mcu. Relay ( 0);  
            Serial . println ( "************** TIME STOP / FAN OFF 
**************" );  
            digitalWrite (RELAY_PIN, HIGH);  
            delay ( 1000); }  
    }  
  }  
 
  float  h6 = ((h1 + h2 + h3) / 3);   / /  Å¬óÿÊæöćãÅèóâËøĈÚ 
  float  t6 = ((t1 + t2 + t3) / 3);   / /  Å¬óÿÊæöćãîùÔáúâõ 

 
  google_cal = google_record* 6;  // äòÛÅ¬ó V23 Blynk âóÅČóÚèÔäîÛÿèæóĂÚÂóäÛòÚØ÷Â google 

sheet  
 
  // ìÚ¬èÈÿèæóăÜÂóäë¬È 30 äîÛÃîÈ loop ( ÿÂĆÛÃ­îâúæ ØùÂ 5 ÚóØö) 

  if  (cnt >= google_cal) {  
    //Record data to google sheet  
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    String DataString = "FAN_Status=" ;   //label of row don't have space 
bar ( ËøćîìòèÃ­îÖ­îÈăâ¬âöÿè­ÚË¬îÈè¬óÈ) * 

    DataString += String (relay_status);  
    DataString += "&Upper_humidity=" ;  
    DataString += String (upper_humidity, 2);  
    DataString += "&Lower_humidity=" ;  
    DataString += String (lower_humidity, 2);  
    DataString += "&Humi_AVG(indoor)=" ;  
    DataString += String (h6, 2);  
    DataString += "&Humidity_4(Outdoor)=" ;  
    DataString += String (h4, 2);  
    DataString += "&Temp_AVG(indoor)=" ;  
    DataString += String (t6, 2);  
    DataString += "&Temperature_4(Outdoor)=" ;  
    DataString += String (t4, 2);  
    DataString += "&Humidity_1=" ;   / /ĂË­ÿÅäøćîÈìâóã & ÿÜĆÚÖòèĀÛ¬È row 

    DataString += String (h1, 2);  
    DataString += "&Humidity_2=" ;  
    DataString += String (h2, 2);  
    DataString += "&Humidity_3=" ;  
    DataString += String (h3, 2);  
    DataString += "&Temperature_1=" ;   / /ĂË­ÿÅäøćîÈìâóã & ÿÜĆÚÖòèĀÛ¬È row 

    DataString += String (t1, 2);  
    DataString += "&Temperature_2=" ;  
    DataString += String (t2, 2);  
    DataString += "&Temperature_3=" ;  
    DataString += String (t3, 2);  
    DataString += "&Volt=" ;  
    DataString += String (volt, 2);  
    DataString += "&Amp=";  
    DataString += String (amp, 2);  
    DataString += "&Power=" ;  
    DataString += String (power, 1);  
    DataString += "&Energy(kWh)=" ;  
    DataString += String (energy_kW, 3);  
    DataString += "&Freq=" ;  
    DataString += String (freq, 2);  
    DataString += "&PF=";  
    DataString += String (pf, 2);  
    DataString += "&Loop_count=" ;  
    DataString += String (cnt_loop);  
    sendData(DataString);  
 
    cnt = 0;   / /äöÿÌÖÅ¬óĂÚÖòèĀÜä cnt  

  } else  {  
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    cnt++;   / /ÿßõćâÅ¬óÖòèĀÜä cnt  

 
  }  
 
  Blynk . virtualWrite (V0, h6);  
  Blynk . virtualWrite (V1, t1);  
  Blynk . virtualWrite (V2, h1);  
  Blynk . virtualWrite (V3, t2);  
  Blynk . virtualWrite (V4, h2);  
  Blynk . virtualWrite (V5, t3);  
  Blynk . virtualWrite (V6, h3);  
  Blynk . virtualWrite (V7, t4);  
  Blynk . virtualWrite (V8, h4);  
  Blynk . virtualWrite (V9, volt);  
  Blynk . virtualWrite (V10, amp);  
  Blynk . virtualWrite (V11, power);  
  Blynk . virtualWrite (V12, energy_kW);  
  Blynk . virtualWrite (V13, freq);  
  Blynk . virtualWrite (V14, pf);  
  Blynk . virtualWrite (V15, t6);  
  Blynk . virtualWrite (V16, upper_humidity);  
  Blynk . virtualWrite (V17, lower_humidity);  
  Blynk . virtualWrite (V18, relay_status);  
   
  if  (cnt_loop > 8640)   / /  Reboot îùÜÂäÔ° ÿâøćîèÚ loop ÅäÛ 4320 äîÛ ÜäñâóÔ 12 ËòćèāâÈ/ÅäòĈÈ , 
8640äîÛ/24ËòćèāâÈ 

  {  
    Serial . printf ( "Reboot system every %d Loops \ r \ n" , cnt_loop);  
    cnt_loop = 0;   / /äöÿÌÖÅ¬óĂÚÖòèĀÜä cnt_loop  

    mcu. buzzer_beep ( 3);  
    ESP. restart ();  
  } else  {  
    cnt_loop++;   / /ÿßõćâÅ¬óÖòèĀÜä cnt_loop  

    Serial . printf ( "Info: Count Loop = %d \ r \ n" , cnt_loop);  
  }  
   
  vTaskDelay ( 3000);  
}  
 
void  sendData( String  params) {  
  mcu. buzzer_beep ( 1);  
  HTTPClient http;  
  String url = "https://script.google.com/macros/s/"  + GOOGLE_SCRIPT_ID 
+ "/exec?"  + params;  
  Serial . print (url);  
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  Serial . print ( "Making a request" );  
  http . begin (url, root_ca);   //Specify the URL and certificate  
  int  httpCode = http . GET();  
  http . end();  
  Serial . println ( ": done "  + httpCode);  
}  
 
void  ReadSensor( void ) {  
 
  Serial . println ( "########## Read sensor function ##########" );  
 
 /*** ID:  1 ***/  
  if ( mcu. XY_MD02(id_1,t1,h1))  
  {  
    Serial . printf ( "Info: Temperature[ %d] => %.1f  C\ r \ n" ,id_1,t1);  
    Serial . printf ( "Info: Humidity[ %d]    => %.1f%c\ r \ n" ,id_1,h1, 37);  
  }  
  else  
  {  
    Serial . printf ( "Error: Can't get data from XY - MD02[%d] 
sensor!!! \ r \ n" ,id_1);  
  }  
   
/*** ID:  2 ***/  
  if ( mcu. XY_MD02(id_2,t2,h2))  
  {  
    Serial . printf ( "Info: emperature[ %d] => %.1f  C\ r \ n" ,id_2,t2);  
    Serial . printf ( "Info: Humidity[ %d]   => %.1f%c\ r \ n" ,id_2,h2, 37);  
  }  
  else  
  {  
    Serial . printf ( "Error: Can't get data from XY - MD02[%d] 
sensor!!! \ r \ n" ,id_2);  
  }  
 
/*** ID:  3 ***/  
  if ( mcu. XY_MD02(id_3,t3,h3))  
  {  
    Serial . printf ( "Info: Temperature[ %d] => %.1f  C\ r \ n" ,id_3,t3);  
    Serial . printf ( "Info: Humidity[ %d]    => %.1f%c\ r \ n" ,id_3,h3, 37);  
  }  
  else  
  {  
    Serial . printf ( "Error: Can't get data from XY - MD02[%d] 
sensor!!! \ r \ n" ,id_3);  
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  }  
 
/*** ID:  4 ***/  
  if ( mcu. XY_MD02(id_4,t4,h4))  
  {  
    Serial . printf ( "Info: Temperature[ %d] => %.1f  C\ r \ n" ,id_4,t4);  
    Serial . printf ( "Info: Humidity[ %d]    => %.1f%c\ r \ n" ,id_4,h4, 37);  
  }  
  else  
  {  
    Serial . printf ( "Error: Can't get data from XY - MD02[%d] 
sensor!!! \ r \ n" ,id_4);  
  }  
  /*** ID:  5 ***/  
  if ( mcu. PZEM_016(id_5, volt, amp, power, energy,  freq, pf))  
//function return: true=success, false=unsuccess  
  {  
    energy_kW = energy* 0.001 ;  
    Serial . printf ( "Info: volt    = %.2f V\ r \ n" ,volt);  
    Serial . printf ( "Info: current = %.2f A\ r \ n" ,amp);  
    Serial . printf ( "Info: Power   = %.1f W\ r \ n" ,power);  
    Serial . printf ( "Info: energy  = %0.3f kWh\ r \ n" ,energy_kW);  
    Serial . printf ( "Info: frequency = %0.1f Hz\ r \ n" ,freq);  
    Serial . printf ( "Info: pf        = %.2f \ r \ n" ,pf);  
  }  
  else   //can't get data from PZEM - 016 
  {  
    Serial . printf ( "Error: Can't get data from PZEM - 016!! \ r \ n" );  
  }  
 vTaskDelay ( 2800);  
}  
 
/ /ÖäèÉëîÛÅ¬óîùÔìáúâõè¬óîãú¬ĂÚË¬èÈ Threshold ÅèÛÅùâÿÜõÕ-ÜõÕßòÕæâ ĀæñăàĀëÕÈë×óÚñëöÚČĈóÿÈõÚ 

void  condition ( void ) {  
 
  float  h6 = ((h1 + h2 + h3) / 3);   / /  Å¬óÿÊæöćãÅèóâËøĈÚ 
  float  t6 = ((t1 + t2 + t3) / 3);   / /  Å¬óÿÊæöćãîùÔáúâõ 

 
    Serial . println ( "***************************************************
" );  
    Serial . printf ( "Info: Humidity Average (indoor) = %.1f  %c\ r \ n" , h6, 
'%' );  
    Serial . printf ( "Info: Humidity_4 (outdoor) = %.1f  %c\ r \ n" , h4, '%' );  
    Serial . printf ( "Info: Temperature Average (indoor) = %.1f  °C\ r \ n" , 
t6);  



122 

 

 

    Serial . printf ( "Info: Temperature_4 (outdoor) = %.1f  °C\ r \ n\ n" , t4);  
    Serial . printf ( "upper humidity setup=> %.1f  %c\ r \ n" , upper_humidity, 
'%' );  
    Serial . printf ( "Lower humidity setup=> %.1f  %c\ r \ n\ n" , 
lower_humidity, '%' );  
    Serial . println ( "***************************************************
*" );  
 
  if  (h6 >= upper_humidity) {  
    relay_status = 1;  
    mcu. Relay ( 1);  
    Serial . println ( "********************* FAN ON 
*********************" );  
    digitalWrite (RELAY_PIN, LOW); 
    delay ( 1000);  
  } else  if  (h6 <= lower_humidity) {  
    relay_status = 0;  
    mcu. Relay ( 0);  
    Serial . println ( "********************* FAN OFF 
*********************" );  
    digitalWrite (RELAY_PIN, HIGH);  
    delay ( 1000);  
  }  
}  
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ĳŅėįĬĺĔȮĕ 

ĶŅĵĔŅĶŀŋĮĔĶĦƢ 
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ėŋĦĸńĔļĦŃŏĜıŅŃ (Specifications) ĕŀĚŀŋĮĔĶĦƢľĸńĔĽņľĶńĭĚŅĬĺŇěńĵ 

/,ȮĭŀĶƢħȮTiny32 IoT Board 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ĭŀĶƢħȮtiny10ȮŏĮƦĬĭŀĶƢħȮIoT ĕĬŅħŏĸŖĔŒĝƟĽņľĶńĭĚŅĬȮMonitoring ľĶŊŀĚŅĬȮcontrol ĔŖœħƟȮ
ĨńĺĭŀĶƢħȮtiny10ȮŏĸŊŀĔŒĝƟœĴőėĶėŀĬőĪĶĸŏĸŀĶƢȮESP10+S (Wi-Fi+BT SoC Module, /4.MHz 10+
Bit CPU, 2Mbytes SPI Flash,Bluetooth V2,0ȮBR/EDR and BLE,Wi-Fi 6.0,//Ȯb/g/n/e/i, PCB 
Antenna) ŏĮƦĬĨńĺėĺĭėŋĴŐĸŃĽńŗĚĚŅĬȮőħĵőĴħŌĸĬňŘĽŅĴŅĶĩĨƞŀĽŅĵŀŅĔŅĻŏĽĶŇĴėĺŅĴŐĶĚĕŀĚĽńĠĠŅĦȮ
WiFi ĭŀĶƢħȮtiny10ŒĝƟœĲŏĸňŘĵĚȮ3VDC ĽņľĶńĭĔŅĶĪņĚŅĬȮĭĬĭŀĶƢħěŃĴňȮbutton switch 0ȮĨńĺȮslid 
switch /ȮĨńĺȮĬņœĮŏĕňĵĬőĮĶŐĔĶĴŏıŊŗŀĽńŗĚĶńĭėƞŅěŅĔįŌƟŒĝƟœħƟȮĴňȮLED building ĭĬĭŀĶƢħŀĵŌƞȮ1ȮĨńĺ&ĽňŐħĚȮ
ĽňŏĕňĵĺȮĽňĬŘņŏĚŇĬ'ȮĽŅĴŅĶĩĬņœĮŏĕňĵĬőĮĶŐĔĶĴŐĽħĚįĸĨŇħħńĭȮĴňıŀĶƢĨȮSPI bus ĽņľĶńĭŏĝŊŗŀĴĨƞŀ
ŀŋĮĔĶĦƢŏĝƞĬȮSD card module ľĶŊŀȮŏĞĬŏĞŀĶƢĨƞŅĚŕĪňŗŏĝŊŗŀĴĨƞŀŐĭĭȮSPI bus ĴňȮRELAY ŀĵŌƞĭĬĨńĺ
ĭŀĶƢħȮ/ȮĨńĺĨƞŀıŀĶƢħȮNO-COM ŏŀŅœĺƟȮĴňıŀĶƢĨȮI0C ĽņľĶńĭŏĝŊŗŀĴĨƞŀœĮĵńĚŀŋĮĔĶĦƢŀŊŗĬœħƟȮŐĸŃĵńĚĴň
ıŀĶƢĨȮRS263ȮĽņľĶńĭŏĝŊŗŀĴĨƞŀĔńĭŏĞĬŏĞŀĶƢĨƞŅĚŕȮľĶŊŀŀŋĮĔĶĦƢĨƞŅĚŕĨŅĴĴŅĨģŅĬőĶĚĚŅĬŀŋĨĽŅľĔĶĶĴȮ
ĬŀĔěŅĔĬńŘĬĵńĚĴňȮoptional port ĽņľĶńĭŏĸŊŀĔŒĝƟĚŅĬĨƞŅĚŕȮĞŉŗĚĽŅĴŅĶĩŏĸŊŀĔŒĝƟŏĮƦĬȮSerial port ľĶŊŀ
ŏĮƦĬȮI/O port œħƟŒĬĔŅĶıńĥĬŅľĶŊŀŏĕňĵĬőĮĶŐĔĶĴȮěŃĴňȮlibraryŐĸŃȮExample 

 

 

 

ĳŅıĪňŗȮĕ-/ȮȮTiny32 IoT Board 
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/,/ȮSpecifications  
- Connector ŏĝŊŗŀĴĨƞŀĔńĭ I2C Port / Relay 
- ıŀĶƢĨȮRS 485 
- Connector ŏĝŊŗŀĴĨƞŀĔńĭ  
- 5V,3V,Pin26,Pin27,GND, (Pin26,27 ŏĝŖĨŏĮƦĬıŀĶƢĨȮSerial œħƟ) 
- Optional port ŏĝŊŗŀĴĨƞŀĔńĭ GND,SW,19,23,18,5 ĞŉŗĚŏĮƦĬĨņŐľĬƞĚĕŀĚȮSPI 

BUS 
- Buzzer 
- Bootswitch 
- Resetswitch 
- Conncetor ĽņľĶńĭȮuplode program 
- ESP32-S 
- Optional port ŏĝŊŗŀĴĨƞŀĔńĭPin 
- 36,39,3532,GND 
- DC Input 5V 
- 3.3V DC Input 5V 
- Tackswitch ĨƞŀĔńĭȮPin33 
- Tackswitch ĨƞŀĔńĭȮPin14 
- Slid sw Pin15 
- Blue LED ĨƞŀĔńĭȮPin4 
- Red LED ĨƞŀĔńĭȮPin12 

 
 
 
 
 
 
 
 
 
 



126 

 

 

0,ȮSensor ĺńħŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬȮWTR/.+E 

 

 

 

 

 

 

 

 

0,/ȮSpecifications  
Á Temperature and Humidity transmitter 
Á DC power supply : DC 5V-30V 
Á Output signal : RS485 signal Temperature Measuring Range : -40�(  >|  125�(  
Á Temperature accuracy : ±0.5�(  (25�( ) 
Á Humidity accuracy : ±3%RH 
Á Temperature range : 0%RH-80%RJ 
Á Temperature resolution : 0.1�(  
Á Humidity resolution : 0.1%RH 
Á Equipment power consumption : �Ê0.2W 
Á Communication address : 1-247 can be set, default 1 
Á Baud rate : configurable, default 9600, 8-bit data, 2-bit stop, no parity 
Á RS485 communication distance up to 1000 meters. 
Á Modbus protocol : 

- 0 x 03 : Read keep register 
- 0 x 04 : Read input register 
- 0 x 06 : Write a single keep register 
- 0 x 10 : Write more keep registers 

  

ĳŅıĪňŗȮĕ-0ȮȮSensor ĺńħŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬȮWTR/.+E 
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1,ȮŀŋĮĔĶĦƢĺńħœĲĲƚŅĔĶŃŐĽĽĸńĭȮPZEM-016 (AC meter) 

 

 

 

 

 

 

 

 

 

 

 

 

1,/ Specifications  
Á Voltage 

- Measuring range : 80~260V 
- Resolution : 0.1V 
- Measurement accuracy : 0.5% 

Á Current 
- Measuring range : 0~100A 
- Starting measure current : 0.02A 
- Resolution : 0.001A 
- Measurement accuracy : 0.5% 

Á Active power 
- Measuring range : 0~23kW 
- Starting measure power : 0.4W 
- Resolution : 0.1W 

- Display format :  

ĳŅıĪňŗȮĕ+1ȮȮŀŋĮĔĶĦƢĺńħœĲĲƚŅĔĶŃŐĽĽĸńĭ PZEM-016 
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o When the data is >:1000 W, it display one decimal, such as: 
999.9W 

o When the data is �Ë1000W, it display only integer, such as: 
1000W 

- Measurement accuracy : 0.5% 
Á Power factor  

- Measuring range : 0.00~1.00  
- Resolution : 0.01  
- Measurement accuracy : 1%  

Á Frequency  
- Measuring range : 45Hz~65Hz  
- Resolution : 0.1Hz  
- Measurement accuracy : 0.5% 

Á Active energy  
- Measuring range : 0~9999.99kWh  
- Resolution : 1Wh  
- Measurement accuracy : 0.5%  
- Display format :  

o When the data is >:10 kWh, the display unit is Wh (1 kWh=1000 
Wh), such as : 9999 Wh  

o When the data is �Ë10 kWh, the display unit is kWh, such as : 
9999.99 kWh  

- Reset energy : use software to reset  
- Communication interface : RS485 interface 
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2,ȮSolid State Relay 40 DA In DC Out AC  
 
 
 
 
 
 
 
 
 
 
 
 
 

4.1 Specification  
Á Model : SSR-40 DA 
Á Output voltage : AC 24-380 V. 
Á Output current : 40 A. 
Á Input voltage : DC 3-32 V. 
Á Control Method : DC to AC. 
Á Mounting Method : Bolts fixed. 
Á Size : 6.5 x 4.5 x 2.2 cm./ 2.56 x 1.77 x 0.87 inch. 
Á Fast switching 

 

 

 

 

 

 
 

ĳŅıĪňŗȮĕ+2 ȮSolid State Relay 40 DA In DC Out AC 
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5, Switching 5V 3A  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.1 Specification  
Á Switching power supply AC 100-220V to DC 5V 3A 15W 
Á Input VoltageȮ8Ȯ100-220VAC 
Á Output Voltage 8Ȯ5Vdc 
Á Output Current 8Ȯ3A 
Á Output powerȮ8Ȯ15W 

 
  

ĳŅıĪňŗȮĕ+3 Switching 5V 3A 
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6, Switching 12V 3A  

 

 

 

 

 

 

 

 

 

 

 

 

 

6.1 Specification  
Á Switching power supply AC 100-220V to DC 12V 3A 36W 
Á Input VoltageȮ8Ȯ100-220VAC 
Á Output Voltage 8Ȯ12Vdc 
Á Output Current 8Ȯ3A 
Á Output powerȮ8Ȯ36W 

 
 
 
 
 
 
 
 
 

ĳŅıĪňŗȮĕ+4 Switching 12V 3A 
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7, ĨńĺĕĵŅĵĽńĠĠŅĦȮWiFi TP-Link RE23.ȮAC /53.ȮRepeater 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7.1 Specification  
Á Standards and Protocols : IEEE802.11ac, IEEE 802.11n, IEEE 802.11g, IEEE 

802.11a, IEEE 802.11b AC1750 
Á Interface : 1 x 10/100Mbps Ethernet Port 
Á Plug Type : US 
Á Button : RE (Range Extender) Button, Reset Button, LED Button,  

Power Button 
Á Power : N/A 
Á LED Indicator : Yes 
Á Weight : 0.20 Kg. 
Á Dimensions : W x D x H 16.30 x 7.64 x 6.65 cm. 
Á Power Consumption : 9 W. 
Á Range Extension : 10,000 Square foot 
Á Connection Speed : 5GHz: Up to 1300Mbps, 2.4GHz: Up to 450Mpbs 
Á Wireless technology : N/A 

ĳŅıĪňŗȮĕ+5 ĨńĺĕĵŅĵĽńĠĠŅĦȮWiFi 
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Á Certification : CE, FCC, RoHS 
Á System Requirements : Microsoft Windows 98SE, NT, 2000, XP, Vista or 

Windows 7, 8, 10 and Mac 
Á Operating Temperature : 0�(  ~ 40�(  (32°F ~ 104°F) 
Á Storage Temperature : -40�(  ~ 70�(  (-40°F ~ 158°F) 
Á Operating Humidity : 10% ~ 90% (Non-condensing) 
Á Storage Humidity : 5% ~ 90% (Non-condensing) 
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ĳŅėįĬĺĔȮė 

ĕƟŀĴŌĸŀŋĦľĳŌĴŇ*ȮėĺŅĴĝŊŘĬŐĸŃıĸńĚĚŅĬœĲĲƚŅĪňŗŒĝƟ 
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  ŒĬĔŅĶĪħĸŀĚħņŏĬŇĬĔĶŃĭĺĬĔŅĶŀĭŐľƟĚŏĴĸŖħĔŅŐĲľĸńĚĔŅĶĮĶńĭĮĶŋĚĶŃĭĭȮIoT Īňŗ
ıńĥĬŅĕŉŘĬőħĵĨŇħĨńŘĚŏĞŖĬŏĞŀĶƢĺńħŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬĳŅĵŒĬőĶĚŀĭŐľƟĚȮĶĺĴĩŉĚŀŋĮĔĶĦƢĺńħėƞŅĪŅĚœĲĲƚŅ
&AC meter'ȮŏıŊŗŀĭńĬĪŉĔĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚĽĳŅĺŃĶŃľĺƞŅĚĔŅĶŀĭŏĴĸŖħĔŅŐĲĨĸŀħŏĺĸŅȮőħĵĔŅĶŀĭŐľƟĚ
ŏĴĸŖħĔŅŐĲŒĬőĶĚŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĕŀĚĔĸŋƞĴĺŇĽŅľĔŇěĝŋĴĝĬĔŅŐĲĶńļġŅłȮě,ĨĶńĚȮŒĬĶŃĵŃĝƞĺĚŏĺĸŅ
ĺńĬĪňŗȮ27 ĴĔĶŅėĴȮ2568 ĩŉĚȮĺńĬĪňŗȮ5 ĔŋĴĳŅıńĬīƢȮ2568 ŏĮƦĬŏĺĸŅĪńŘĚĽŇŘĬȮ10 ĺńĬȮőħĵĕƟŀĴŌĸŀŋĦľĳŌĴŇ (°C)*Ȯ
ėĺŅĴĝŊŘĬĪňŗĺńħ (%RH) ŐĸŃıĸńĚĚŅĬœĲĲƚŅĪňŗŒĝƟ &kWh' œħƟĩŌĔĽƞĚœĮĭńĬĪŉĔĵńĚĶŃĭĭėĸŅĺħƢŒĬĶŌĮŐĭĭĕŀĚȮ
Google sheet  őħĵįŌƟĺŇěńĵœħƟĬņĴŅŐĽħĚħńĚĨŅĶŅĚȮĪňŗȮė+/*Ȯė+0ȮŐĸŃȮė+1ȮĨŅĴĸņħńĭȮħńĚĬňŘ 

 

 
Time 27-01-

2025 
28-01-
2025 

29-01-
2025 

30-01-
2025 

31-01-
2025 

01-02-
2025 

02-02-
2025 

03-02-
2025 

04-02-
2025 

05-02-
2025 

06:00 86.5 76.5 72.1 73.1 83.1 83.8 82.3 78.6 73.2 88.8 
06:15 86.9 76.5 72.8 74.1 81.1 80.4 79.1 78.1 70.4 85.0 
06:30 83.3 73.2 70.0 69.9 76.8 79.9 74.2 75.7 65.2 81.7 
06:45 82.3 74.9 70.6 68.1 78.5 77.4 75.5 70.8 63.8 77.9 
07:00 82.9 73.0 66.7 66.4 75.8 74.3 67.4 71.0 62.0 73.0 
07:15 78.2 71.1 67.1 68.2 72.5 73.3 68.4 67.3 59.3 70.8 
07:30 77.2 69.8 64.0 62.5 72.6 69.4 66.7 63.7 59.5 68.4 
07:45 76.9 67.4 62.7 61.3 67.6 65.6 63.2 61.7 57.4 65.2 
08:00 75.9 64.6 61.8 61.6 69.1 66.0 60.8 60.3 53.1 61.8 
08:15 73.4 64.8 61.7 58.3 65.1 66.0 58.8 56.7 52.2 58.4 
08:30 73.6 66.8 58.4 55.7 63.3 59.7 56.6 53.8 47.6 57.4 
08:45 70.7 63.1 58.9 55.8 59.8 58.5 53.9 52.3 46.3 52.8 
09:00 67.8 61.4 57.4 54.9 56.5 56.2 50.8 49.9 42.9 49.9 
09:15 65.5 59.5 55.6 56.0 55.2 52.6 48.6 47.5 43.3 46.2 
09:30 64.0 61.1 52.4 52.8 51.9 51.6 48.7 45.5 38.0 44.4 
09:45 63.5 56.7 52.6 50.1 50.8 47.0 44.3 43.6 37.8 39.9 
10:00 61.4 55.6 51.7 48.2 48.0 45.7 45.2 37.1 34.3 38.9 
10:15 58.7 53.5 51.0 49.0 48.2 47.6 38.1 35.4 33.3 37.0 
10:30 59.1 53.3 47.7 48.8 45.4 40.3 37.9 35.9 30.9 32.3 

ĨŅĶŅĚĪňŗȮė+/ȮĕƟŀĴŌĸėĺŅĴĝŊŘĬŏĴĸŖħĔŅŐĲȮĨĸŀħĶŃĵŃŏĺĸŅĔŅĶŀĭŐľƟĚȮ/.ȮĺńĬ   
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10:45 56.3 50.3 49.6 43.9 43.6 39.3 36.4 24.7 24.0 27.8 
11:00 53.9 48.2 44.8 42.0 40.0 37.0 33.8 20.6 19.7 26.3 
11:15 54.7 48.0 44.0 41.5 39.8 35.6 32.1 18.7 16.7 23.8 
11:30 52.7 45.6 44.4 39.0 40.9 31.3 29.8 18.8 16.1 17.9 
11:45 50.0 44.7 44.0 35.9 38.5 28.2 24.2 19.5 16.0 14.0 
12:00 51.3 47.3 42.8 38.3 40.0 28.9 22.8 20.0 15.4 15.8 
12:15 49.2 45.7 42.3 38.6 41.6 29.7 25.6 19.5 15.0 17.5 
12:30 57.4 46.1 40.7 37.2 34.1 30.9 33.4 20.2 15.6 20.8 
12:45 54.8 45.0 42.5 48.3 34.5 33.2 35.7 22.9 16.5 20.8 
13:00 57.5 45.9 51.7 47.6 36.8 32.5 36.2 26.8 19.4 23.5 
13:15 55.6 46.5 51.6 49.1 39.6 39.1 37.1 29.5 18.4 26.9 
13:30 52.2 46.9 51.9 46.3 37.4 36.8 29.8 26.7 20.9 27.7 
13:45 52.0 47.1 52.8 41.7 36.0 39.8 27.0 26.3 20.5 29.5 
14:00 50.2 48.3 43.7 40.4 34.8 41.7 30.3 24.9 21.2 29.4 
14:15 50.2 45.4 42.8 38.5 36.0 36.1 32.1 27.2 24.8 29.8 
14:30 48.6 48.3 45.2 38.9 37.0 35.0 30.6 27.5 24.0 29.5 
14:45 51.1 47.0 42.2 40.7 38.5 33.3 29.6 28.0 29.8 32.1 
15:00 50.6 52.7 45.3 41.1 38.0 34.6 32.2 28.0 33.2 29.7 
15:15 50.9 52.3 44.2 40.4 40.9 33.8 31.2 30.0 35.2 30.1 
15:30 50.6 52.0 42.6 41.0 38.2 35.3 32.0 30.2 33.0 31.6 
15:45 49.7 55.9 45.2 40.7 39.6 36.3 33.3 31.0 35.8 33.1 
16:00 50.1 48.6 43.8 41.6 41.0 36.6 35.8 33.4 29.0 33.3 
16:15 50.9 47.4 42.9 43.0 40.3 35.6 34.8 31.3 26.5 32.4 
16:30 49.2 46.2 46.6 40.8 38.6 37.7 33.2 31.3 28.0 33.8 
16:45 47.8 49.3 45.8 40.6 41.3 37.3 34.3 34.9 31.6 34.0 
17:00 49.5 47.6 46.0 44.8 41.7 38.8 36.4 31.8 32.1 34.5 
17:15 51.5 47.8 44.9 44.7 40.7 38.4 37.5 33.8 32.7 33.9 
17:30 51.5 48.7 46.2 44.0 40.6 38.7 34.2 34.0 32.8 32.5 
17:45 49.6 47.6 48.8 43.2 42.1 41.8 35.6 36.2 34.3 34.4 
18:00 50.0 46.1 45.9 44.6 41.1 39.0 38.7 35.7 34.2 34.7 
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Time 27-01-

2025 
28-01-
2025 

29-01-
2025 

30-01-
2025 

31-01-
2025 

01-02-
2025 

02-02-
2025 

03-02-
2025 

04-02-
2025 

05-02-
2025 

06:00 38.4 40.2 40.5 38.1 36.6 31.9 31.8 32.6 35.5 35.0 
06:15 38.5 39.7 39.9 39.8 35.3 35.5 33.3 31.7 37.5 37.1 
06:30 41.2 39.6 41.8 40.9 38.4 34.7 35.9 31.2 37.9 39.5 
06:45 40.7 41.0 41.6 40.8 37.8 35.9 33.5 34.4 38.4 35.8 
07:00 39.8 40.8 42.1 42.3 39.4 36.1 36.0 34.9 37.3 37.6 
07:15 40.3 43.4 42.4 40.8 36.9 38.1 36.9 36.9 40.4 38.9 
07:30 38.9 42.0 43.4 43.4 35.6 36.3 37.6 37.3 39.4 36.8 
07:45 41.4 42.5 42.5 43.0 40.5 37.2 38.8 37.9 40.3 41.0 
08:00 42.7 45.6 43.8 42.6 40.1 39.3 39.5 37.1 41.6 40.5 
08:15 43.8 44.0 43.0 44.3 41.5 39.3 39.6 39.9 42.7 43.0 
08:30 42.8 42.0 45.7 44.7 41.1 39.0 37.9 39.3 40.6 42.3 
08:45 43.3 45.0 45.1 43.6 39.5 40.7 41.5 40.1 41.3 41.6 
09:00 45.4 43.3 44.6 39.8 42.3 40.1 46.0 38.1 42.5 42.7 
09:15 48.0 46.2 46.5 42.7 45.0 43.9 45.6 41.6 42.4 44.8 
09:30 47.7 46.5 46.8 42.8 48.0 45.2 45.7 42.7 45.0 45.4 
09:45 47.8 48.6 51.5 45.6 45.9 46.4 49.8 43.9 46.7 47.4 
10:00 51.1 48.3 50.6 46.4 48.7 50.9 48.6 47.6 48.7 51.1 
10:15 53.0 50.3 50.6 47.9 49.9 51.7 49.0 50.3 49.2 51.3 
10:30 52.4 51.4 53.9 48.0 50.9 54.5 53.3 52.4 49.9 52.5 
10:45 54.5 52.5 55.1 50.1 52.1 56.2 52.5 53.3 54.7 56.6 
11:00 55.8 54.6 57.2 53.2 53.8 57.9 54.7 54.5 56.7 57.3 
11:15 58.0 56.6 58.4 53.2 54.3 59.6 56.7 57.6 59.1 57.8 
11:30 57.6 54.5 59.1 51.5 56.2 61.5 56.9 60.1 61.5 63.4 
11:45 59.1 56.6 59.8 57.3 56.0 63.1 56.7 61.9 63.0 64.5 
12:00 60.6 59.4 62.0 57.6 59.7 66.3 59.2 62.9 65.0 65.6 
12:15 56.9 60.1 56.7 55.4 55.0 57.0 48.4 59.4 56.8 55.5 

ĨŅĶŅĚĪňŗȮė+0ȮĕƟŀĴŌĸŀŋĦľĳŌĴŇĳŅĵŒĬőĶĚŀĭŐľƟĚȮĨĸŀħĶŃĵŃŏĺĸŅĔŅĶŀĭŐľƟĚȮ/.ȮĺńĬ 
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12:30 54.0 50.6 57.9 57.5 55.9 57.7 46.3 58.3 53.8 54.5 
12:45 55.1 51.1 58.4 53.8 56.0 55.2 46.0 58.2 53.2 54.5 
13:00 55.1 50.2 55.5 45.8 55.7 57.1 51.9 56.0 53.3 54.2 
13:15 56.7 52.1 53.6 43.5 53.6 56.0 53.0 56.8 53.6 53.3 
13:30 57.6 49.8 53.7 45.3 47.6 56.3 56.5 55.2 53.0 51.5 
13:45 56.4 59.7 54.8 44.9 47.6 54.9 57.2 58.2 53.6 55.3 
14:00 50.2 48.2 58.5 48.5 48.4 46.2 57.4 57.4 52.1 51.5 
14:15 50.4 50.6 49.9 48.3 49.1 48.8 47.7 45.6 49.1 49.9 
14:30 49.9 50.0 47.9 48.7 49.2 46.2 48.9 47.7 47.9 49.0 
14:45 50.3 51.8 49.0 47.0 50.0 47.3 47.6 47.3 49.7 47.7 
15:00 50.1 47.2 48.4 47.7 49.2 47.1 46.5 48.9 47.0 48.5 
15:15 50.0 47.4 48.8 47.7 47.2 46.2 46.9 47.5 47.4 46.2 
15:30 49.6 47.3 49.6 48.3 49.4 47.6 47.7 47.3 49.1 47.9 
15:45 50.8 45.3 48.8 49.4 49.2 46.9 47.5 46.3 48.3 48.3 
16:00 50.6 50.3 47.3 47.9 49.7 48.5 46.1 47.9 48.4 48.1 
16:15 50.4 50.5 47.7 48.9 47.6 45.6 46.4 47.3 46.2 48.7 
16:30 50.5 50.6 48.7 49.1 49.2 46.7 48.4 47.2 48.1 51.6 
16:45 50.2 48.6 49.1 47.8 48.0 48.4 46.9 45.0 47.7 45.9 
17:00 48.5 50.7 49.5 46.5 45.9 47.3 46.2 46.2 45.2 46.5 
17:15 47.1 49.0 49.7 47.4 48.2 48.1 44.4 45.9 47.6 48.2 
17:30 49.0 48.6 49.7 47.5 47.5 46.5 45.5 45.5 47.8 49.6 
17:45 51.4 49.2 48.2 46.8 48.8 45.1 44.5 44.6 47.3 47.3 
18:00 50.5 51.6 48.2 46.9 46.5 45.5 46.9 46.7 48.5 48.9 
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ĨŅĶŅĚĪňŗȮė+1ȮĕƟŀĴŌĸıĸńĚĚŅĬĪňŗŒĝƟȮ&kWh'ȮĨĸŀħĶŃĵŃŏĺĸŅĔŅĶŀĭŐľƟĚȮ/.ȮĺńĬ 

Time 27-01-25 28-01-25 29-01-25 30-01-25 31-01-25 01-02-25 02-02-25 03-02-25 04-02-25 05-02-25 

6:00 48.990 49.379 49.797 50.140 50.406 50.612 50.874 51.064 51.280 51.693 

6:15 48.990 49.379 49.797 50.140 50.406 50.612 50.874 51.064 51.280 51.693 

6:30 48.990 49.379 49.797 50.140 50.406 50.612 50.874 51.064 51.280 51.693 

6:45 48.990 49.379 49.797 50.140 50.406 50.612 50.874 51.064 51.280 51.693 

7:00 48.990 49.379 49.797 50.140 50.406 50.612 50.874 51.064 51.280 51.693 

7:15 48.990 49.379 49.797 50.140 50.406 50.612 50.874 51.064 51.280 51.693 

7:30 48.994 49.382 49.802 50.144 50.409 50.615 50.877 51.066 51.284 51.696 

7:45 49.005 49.394 49.813 50.156 50.421 50.627 50.888 51.077 51.296 51.708 

8:00 49.016 49.405 49.823 50.167 50.433 50.639 50.898 51.087 51.307 51.720 

8:15 49.027 49.417 49.835 50.178 50.445 50.650 50.908 51.098 51.318 51.732 

8:30 49.038 49.429 49.845 50.188 50.456 50.660 50.917 51.107 51.328 51.742 

8:45 49.049 49.440 49.854 50.198 50.468 50.670 50.926 51.117 51.340 51.753 

9:00 49.060 49.451 49.863 50.208 50.478 50.680 50.934 51.126 51.351 51.763 

9:15 49.079 49.471 49.881 50.224 50.496 50.697 50.950 51.143 51.371 51.781 

9:30 49.082 49.474 49.884 50.227 50.499 50.700 50.953 51.146 51.375 51.784 

9:45 49.093 49.486 49.894 50.237 50.508 50.711 50.962 51.155 51.387 51.795 

10:00 49.105 49.496 49.904 50.248 50.518 50.721 50.972 51.164 51.399 51.805 

10:15 49.116 49.508 49.914 50.258 50.528 50.732 50.982 51.174 51.410 51.816 

10:30 49.127 49.519 49.923 50.268 50.537 50.742 50.992 51.184 51.422 51.825 

10:45 49.131 49.523 49.926 50.272 50.541 50.746 50.996 51.187 51.426 51.829 

11:00 49.150 49.542 49.942 50.289 50.557 50.762 51.012 51.203 51.445 51.844 

11:15 49.161 49.554 49.953 50.298 50.567 50.771 51.022 51.213 51.456 51.855 

11:30 49.173 49.565 49.964 50.308 50.577 50.780 51.031 51.223 51.468 51.864 

11:45 49.185 49.576 49.974 50.317 50.584 50.789 51.041 51.234 51.479 51.875 

12:00 49.196 49.588 49.983 50.327 50.585 50.798 51.051 51.244 51.491 51.884 

12:15 49.208 49.599 49.993 50.337 50.585 50.809 51.060 51.252 51.503 51.895 

12:30 49.219 49.610 50.002 50.347 50.585 50.812 51.064 51.253 51.514 51.904 

12:45 49.231 49.622 50.012 50.357 50.585 50.812 51.064 51.253 51.526 51.915 
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13:00 49.243 49.634 50.021 50.366 50.585 50.812 51.064 51.253 51.537 51.924 

13:15 49.254 49.645 50.031 50.377 50.585 50.812 51.064 51.253 51.549 51.936 

13:30 49.266 49.657 50.040 50.386 50.585 50.812 51.064 51.253 51.560 51.945 

13:45 49.278 49.668 50.050 50.386 50.585 50.812 51.064 51.253 51.572 51.953 

14:00 49.285 49.680 50.060 50.386 50.585 50.812 51.064 51.253 51.583 51.956 

14:15 49.286 49.691 50.070 50.386 50.585 50.812 51.064 51.253 51.595 51.966 

14:30 49.289 49.703 50.079 50.386 50.585 50.812 51.064 51.253 51.605 51.975 

14:45 49.300 49.714 50.090 50.386 50.585 50.813 51.064 51.253 51.617 51.984 

15:00 49.312 49.726 50.099 50.386 50.585 50.819 51.064 51.253 51.627 51.994 

15:15 49.323 49.738 50.109 50.386 50.585 50.827 51.064 51.253 51.639 52.004 

15:30 49.335 49.750 50.118 50.386 50.585 50.836 51.064 51.253 51.650 52.014 

15:45 49.346 49.761 50.128 50.386 50.586 50.845 51.064 51.253 51.661 52.024 

16:00 49.357 49.773 50.137 50.386 50.592 50.854 51.064 51.259 51.672 52.033 

16:15 49.369 49.785 50.140 50.397 50.602 50.864 51.064 51.269 51.683 52.043 

16:30 49.379 49.796 50.140 50.406 50.612 50.873 51.064 51.279 51.693 52.053 

16:45 49.379 49.797 50.140 50.406 50.612 50.874 51.064 51.280 51.693 52.054 

16:50 49.379 49.797 50.140 50.406 50.612 50.874 51.064 51.280 51.693 52.054 

17:00 49.379 49.797 50.140 50.406 50.612 50.874 51.064 51.280 51.693 52.054 

17:10 49.379 49.797 50.140 50.406 50.612 50.874 51.064 51.280 51.693 52.054 

17:15 49.379 49.797 50.140 50.406 50.612 50.874 51.064 51.280 51.693 52.054 

17:30 49.379 49.797 50.140 50.406 50.612 50.874 51.064 51.280 51.693 52.054 

17:45 49.379 49.797 50.140 50.406 50.612 50.874 51.064 51.280 51.693 52.054 

18:00 49.379 49.797 50.140 50.406 50.612 50.874 51.064 51.280 51.693 52.054 
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ĮĶŃĺńĨŇįŌƟŏĕňĵĬ 

 

ĝŊŗŀȮĽĔŋĸ ĬŅĵĽŋĶŏĔňĵĶĨŇȮĪŀĚŏĔňĵĶĨŇ 

ĶľńĽĮĶŃěņĨńĺĬńĔĻŉĔļŅ 6410121008 

 

ĺŋĥŇĔŅĶĻŉĔļŅ 

ĺŋĥŇ ȮȮȮȮȮȮȮȮȮĝŊŗŀĽĩŅĭńĬ ĮƖĪňŗĽņŏĶŖěĔŅĶĻŉĔļŅ 

ĺĻ,ĭ,Ȯ&ĺŇĻĺĔĶĶĴŏėĶŊŗŀĚĔĸ' 

 

ĴľŅĺŇĪĵŅĸńĵĽĚĕĸŅĬėĶŇĬĪĶƢ 

 

ȮȮȮȮȮȮȮı,Ļ,Ȯ0330 

 

ĪŋĬĔŅĶĻŉĔļŅȮ&ĪňŗœħƟĶńĭŒĬĶŃľĺƞŅĚĔŅĶĻŉĔļŅ' 

ĪŋĬĔŅĶĻŉĔļŅĶŃħńĭĮĶŇĠĠŅőĪŒĬĮĶŃŏĪĻȮěŅĔĔŀĚĪŋĬŏĚŇĬŀŋħľĬŋĬěŅĔĽńĠĠŅőĶĚĔĸńŗĬĮƕőĨĶŏĸňĵĴ 

ĮĶŃěņĮƖĚĭĮĶŃĴŅĦȮı,Ļ,Ȯ0342ȮĽņĬńĔĚŅĬĬőĵĭŅĵŐĸŃŐįĬıĸńĚĚŅĬȮĔĶŃĪĶĺĚıĸńĚĚŅĬȮ 

 

ĨņŐľĬƞĚŐĸŃĽĩŅĬĪňŗĪņĚŅĬ 

ĺŇĻĺĔĶĮĢŇĭńĨŇĔŅĶȮȮĽńĚĔńħĔĸŋƞĴĽƞĚŏĽĶŇĴŐĸŃĔņĔńĭĔŇěĔŅĶıĸńĚĚŅĬȮȮĽņĬńĔĚŅĬıĸńĚĚŅĬěńĚľĺńħĽŋĶŅļġĶƢīŅĬň 

 

 


