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Abstract 
This research studies the invention and development of a device for carbamate 

pesticide analysis using the light absorption principle and digital image analysis. The 
device was developed as a prototype from a spectrophotometer combined with an 
image analysis of the light spectrum using the MATLAB program. Including studying 
methods for extracting carbosulfan residues in vegetables. The results showed that the 
calibration curves between the absorbance and the concentrations of potassium 
permanganate and carbosulfan standard solutions at wavelengths of ���ǰand ���ǰnm, 
it was found that the absorbance value tended to increase with the concentration of 
the substance. And found that the concentration of the unknown solution calculated 
by the equation from the standard curve of the solutions had the percentage error of 
22.88% and 21.88% respectively�  For the extraction of carbosulfan in the sample 
vegetables (Thai kale), the results were shown by comparing the absorbance values 
between Thai kale extract that has been and had not been soaked with carbosulfan. 
This can indicate that the invented portable spectrophotometer can detect 
carbosulfan residues in Thai kale. However, it is not possible to determine whether the 
invented portable spectrophotometer can indicate the concentration of residues in 
Thai kale. Therefore, in the development of equipment and analysis, the measuring 
equipment should be improved to be more robust, durable and compact. It should 
also change the type of spectral image capture device to have a higher resolution and 
can be permanently installed in the light control box. As well as the use of AI to help 
collect data and analyze the concentration of a variety of substances.  

Keywordsǰ: pesticide, carbamate,ǰcarbosulfan,ǰspectrophotometer 
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ïììĊę 1 
ïìîĈ 

1.1  ìĊęöćĒúąÙüćöÿĈÙĆâ 
ðŦÝÝčïĆîöĊÖćøĔßšÜćîÿćøđÙöĊÖĈÝĆéýĆêøĎóČßÖĆîĂ÷ŠćÜĒóøŠĀúć÷đóČęĂđóĉęöñúñúĉêìćÜÖćøđÖþêøĔĀš

öĊÙčèõćóǰøĎðøŠćÜúĆÖþèąÿü÷ÜćöÿöïĎøèŤđðŨîìĊęêšĂÜÖćø×ĂÜñĎšïøĉēõÙǰÿćøđÙöĊÖĈÝĆéýĆêøĎóČßđðŨîìĊęøĎšÝĆÖ

ÖĆîĔîÖúčŠö×ĂÜÿćøÖĈÝĆéĒöúÜǰ	Insecticides) ÿćøÖĈÝĆéĀîĎĒúąÿĆêüŤôŦîĒìąǰ	Rodenticides) ÿćø
ÖĈÝĆéđßČĚĂøćǰ	Fungicides) ĒúąÿćøÖĈÝĆéüĆßóČßǰ	Herbicides) ĔîïøøéćÿćøđĀúŠćîĊĚÿćøÖĈÝĆéĒöúÜ

đðŨîÿćøÖŠĂĔĀšđÖĉéõćüąóĉþǰđðŨîĂĆîêøć÷êŠĂÿč×õćóìĊęóïïŠĂ÷ìĊęÿčéđöČęĂđìĊ÷ïÖĆïÿćøđÙöĊÖĈÝĆéýĆêøĎóČß

ÖúčŠöĂČęîėǰàċęÜóïĔîÿćøÖúčŠöĂĂøŤĒÖēîôĂÿđôêĒúąÙćøŤïćđöêǰĀćÖĕéšøĆïÿćøđÙöĊÖúčŠöîĊĚÿąÿöĔî

ðøĉöćèöćÖđðŨîøą÷ąđüúćîćîĂćÝÿŠÜñúÖøąìïøčîĒøÜêŠĂÿč×õćóǰđßŠîǰøąïïìćÜđéĉîĀć÷ĔÝñĉéðÖêĉǰ

øąïïðøąÿćìĒúąÿöĂÜëĎÖìĈúć÷ǰøąïïÖúšćöđîČĚĂÖøąêčÖĒúąĂŠĂîĒøÜǰøąïïĀúĂéđúČĂéĀĆüĔÝ

ìĈÜćîñĉéðÖêĉǰĂĊÖìĆĚÜÿćøđÙöĊÖúčŠöîĊĚ÷ĆÜđðŨîÿćøÖŠĂĔĀšđÖĉéēøÙöąđøĘÜĂĊÖéšü÷ǰ 
ÝćÖñúÖøąìïéĆÜÖúŠćüÿŠÜñúìĊęđðŨîĂĆîêøć÷êŠĂìčÖõćÙÿŠüîìĆĚÜđÖþêøÖøñĎšđóćąðúĎÖǰñĎšïøĉēõÙ

ĀøČĂÿõćóĒüéúšĂöìĊęĕéšøĆïÖćøðîđðŚŪĂî×ĂÜÿćøđÙöĊÖĈÝĆéýĆêøĎóČßǰÝċÜöĊÖćøĔßšđìÙēîēú÷ĊÿĈĀøĆï

êøüÝÿĂïÿćøêÖÙšćÜĔîñúñúĉêìćÜÖćøđÖþêøàċęÜÿćöćøëìĈĕéšĀúć÷üĉíĊǰđßŠîǰđìÙîĉÙēÙøöćēêÖøćôŘ

×ĂÜđĀúüÿöøøëîąÿĎÜǰ	high performance liquid chromatography, HPLC), đìÙîĉÙÖćøüĆéÖćø

éĎéÖúČîĒÿÜĀøČĂøĆÜÿĊĔîßŠüÜĂĆúêøćĕüēĂđúêĒúąüĉÿĉđïĉúǰ	ultra violet-visible spectrophotometry, 
UV-Vis), đìÙîĉÙĕàÙúĉÖēüúĒìöđöêøĊǰ	cyclic voltammetry, CV), ĒúąđìÙîĉÙéĉôđôĂøŤđøîđßĊ÷ú

óĆúÿŤēüúĒìöđöìøĊǰ	differential pulse voltammetry, DPV) àċęÜđìÙîĉÙđĀúŠćîĊĚöĊðøąÿĉìíĉõćóÿĎÜĔî

ÖćøüĉđÙøćąĀŤđßĉÜÙčèõćóĒúąđßĉÜðøĉöćèĔîüĉíĊÖćøüĉđÙøćąĀŤìćÜđÙöĊĀúć÷üĉíĊǰĒêŠĂ÷ŠćÜĕøÖĘêćöǰđìÙîĉÙ

đĀúŠćîĊĚĔßšĂčðÖøèŤ×îćéĔĀâŠǰøćÙćĒóÜĒúąöĊÙüćöàĆïàĆïàšĂîĔîÖćøđêøĊ÷öêĆüĂ÷ŠćÜÿĈĀøĆïÖćø

êøüÝÿĂïǰàċęÜĕöŠÿąéüÖìĊęÝąîĈĕðĔßšüĉđÙøćąĀŤõćÙÿîćöìĊęêšĂÜÖćøÙüćöøüéđøĘüĒúąÜŠć÷êŠĂÖćøĔßšÜćîǰ 
Ĕîõć÷Āú Ć ÜÝ ċ Üö Ċ ÖćøÙ ĉéÙ šîĂ čðÖøè Ťÿ đðÖē êøēôēêö ĉ đêĂø Ť ĒïïóÖóćǰ 	Portable 

Spectrophotometer) đðŨîÖćøóĆçîćÖćøĂĂÖĒïïđÙøČ ęĂÜöČĂìĊ ęĔßšêšîìčîĔîÖćøüĉđÙøćąĀŤĕöŠÿĎÜǰ

ÿąéüÖǰøüéđøĘüĒúąÖćøĔßšÜćîĕöŠàĆïàšĂîǰĒúą÷ĆÜÿćöćøëîĈđÙøČęĂÜöČĂöćĔßšĔîÖćøüĉđÙøćąĀŤÿćø

ðîđðŚŪĂîĕéšĂĊÖéšü÷ǰøüöìĆĚÜĔîðŦÝÝčïĆîÜćîđìÙîĉÙÖćøüĆéÿĊõćóéĉÝĉìĆúǰǰ	digital image colorimetry, 
DIC) ĕéšøĆïÙüćöÿîĔÝĂ÷ŠćÜĒóøŠĀúć÷ǰĔßšÜïðøąöćèêęĈǰÿćöćøëêĂïÿîĂÜÜćîìĊęêšĂÜÖćøÙüćö

øüéđøĘüĔîÖćøøĆï×šĂöĎúǰðøąöüúñú×šĂöĎúǰĒúąîĈ×šĂöĎúĕðóĆçîćêŠĂĕéšǰđìÙîĉÙîĊĚöĊÙüćöĒöŠî÷ĈĔîÖćø

ĂŠćîÙŠćÿĊ×ĂÜÿćøđÙöĊìĊęöĊÿĊĔÖúšđÙĊ÷ÜÖĆîĒúą÷ĆÜÿćöćøëĒÿéÜÖøćôÙüćöÿĆöóĆîíŤÖĆïÙüćöđ×šö×šî×ĂÜÿćø
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ĕéšĂĊÖéšü÷ǰéĆÜîĆĚîñĎšÝĆéìĈÝċÜđĀĘîëċÜðøąē÷ßîŤ×ĂÜđìÙîĉÙéĆÜÖúŠćüìĊęÝąîĈöćðøą÷čÖêŤĔßšÜćîĒúąóĆçîć

ĂčðÖøèŤÿĈĀøĆïüĉđÙøćąĀŤÿćøÖĞćÝĆéýĆêøĎóČßÖúčŠöÙćøŤïćđöêēé÷ĔßšĀúĆÖÖćøÖćøéĎéÖúČîĒÿÜøŠüöÖĆïÖćø

üĉđÙøćąĀŤÿĊõćóÿĊéĉÝĉìĆúđóČęĂđðŨîðøąē÷ßîŤĒúąÿŠÜđÿøĉöÙüćöðúĂéõĆ÷ĒÖŠñĎšïøĉēõÙ 

1.2  üĆêëčðøąÿÜÙŤ 
       1.2.1  đóČęĂýċÖþćüĉíĊÖćøĒúąðøąéĉþåŤĂčðÖøèŤĔîÖćøüĉđÙøćąĀŤÿćøÙćøŤēïàĆúĒôîēé÷ĔßšĀúĆÖÖćø

×ĂÜđÙøČęĂÜÿđðÖēêøēôēêöĉđêĂøŤ 
       1.2.2  óĆçîćĂčðÖøèŤüĉđÙøćąĀŤðøĉöćèÿćøÙćøŤēïàĆúĒôîìĊęÿćöćøëüĉđÙøćąĀŤĕéšĂ÷ŠćÜÿąéüÖǰ

øüéđøĘüǰĒúąĒöŠî÷Ĉ 

1.3  ×Ăïđ×êÜćîüĉÝĆ÷ 
       1.3.1  ýċÖþćÖćøðøąéĉþåŤĂčðÖøèŤüĉđÙøćąĀŤðøĉöćèÿćøÙćøŤēïàĆúĒôîēé÷ðøą÷čÖêŤĔßšĀúĆÖÖćø

ÖćøéĎéÙúČęî×ĂÜĒÿÜǰĒúąÖćøüĉđÙøćąĀŤõćóÿđðÖêøĆöéšü÷ēðøĒÖøöǰMATLAB 
       1.3.2  üĉđÙøćąĀŤðøĉöćèÿćøÙćøŤēïàĆúĒôîēé÷ĕöŠđêĉöÿćøìĊęöĊÿĊéšü÷ĒÿÜĂĆúêøšćĕüēĂđúê 
       1.3.3  óĆçîćüĉíĊÖćøüĉđÙøćąĀŤðøĉöćèÿćøÙćøŤēïàĆúĒôîēé÷ĔßšĀúĆÖÖćøÖćøéĎéÖúČîĒÿÜÝćÖ

ĂčðÖøèŤüĉđÙøćąĀŤìĊęðøąéĉþåŤ×ċĚî 

1.4  ðøąē÷ßîŤìĊęĕéšøĆï 
ÖćøüĉđÙøćąĀŤðøĉöćèÿćøÖĈÝĆéýĆêøĎóČßÖúčŠöÙćøŤïćđöêéšü÷ĂčðÖøèŤĒúąüĉíĊÖćøìĊęóĆçîć×ċĚîîĆĚîǰ

ßŠü÷ĔĀšñĎšĔßšÜćîĀøČĂêšĂÜÿĆöñĆÿÖĆïÿćøÿćöćøëêøüÝÿĂïðøĉöćèÿćøĕéšĂ÷ŠćÜøüéđøĘüĒúąðøąĀ÷ĆéǰđßŠî

ĂčêÿćĀÖøøö×îćéđúĘÖìĊęêšĂÜÖćøêøüÝÿĂïÿćøêÖÙšćÜĔîÿĉîÙšćìĊęøĆïàČĚĂöćǰÿŠÜñúĔĀšñĎšÙîðúĂéõĆ÷ÝćÖ

ÿćøêÖÙšćÜìĊęðîđðŚŪĂîĂ÷ĎŠĔîñĆÖǰñúĕöšǰĀøČĂüĆêëčéĉïìĈĂćĀćøĂČęîėǰ 
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ïììĊę 2 
ìùþãĊĒúąÜćîüĉÝĆ÷ìĊęđÖĊę÷ü×šĂÜ 

2.1  ìùþãĊìĊęđÖĊę÷ü×šĂÜ 
       2.1.1  ÿëćîÖćøèŤÖćøîĈđ×šćĒúąêÖÙšćÜ×ĂÜÿćøđÙöĊÖĈÝĆéýĆêøĎóČß 

ÝćÖ×šĂöĎúðøĉöćèÖćøîĈđ×šćüĆêëčĂĆîêøć÷ìćÜÖćøđÖþêøǰó�ý����������ǰ×ĂÜÖøö

üĉßćÖćøđÖþêøǰðøąđìýĕì÷îĈđ×šćüĆêëčĂĆîêøć÷ìćÜÖćøđÖþêøǰ	ÿćøÖĈÝĆéüĆßóČß , ÿćøÖĈÝĆéĒöúÜǰ
ĒúąÿćøðŜĂÜÖĆîĒúąÖĈÝĆéēøÙóČß
ǰöĊĒîüēîšöðøĉöćèĒúąöĎúÙŠćÖćøîĈđ×šćüĆêëčĂĆîêøć÷ìćÜÖćøđÖþêø

×ĂÜĕì÷ÿĎÜ×ċĚîđøČęĂ÷ėǰđöČęĂóĉÝćøèćÿĆéÿŠüîÖćøîĈđ×šćðŘǰ2560 óïüŠćǰÿćøÖĈÝĆéüĆßóČßöĊÿĆéÿŠüîÿĎÜÿčé

ðøąöćèǰ3 Ĕîǰ4 ĀøČĂðøąöćèøšĂ÷úąǰ73 øĂÜúÜöćÙČĂÿćøðŜĂÜÖĆîĒúąÖĈÝĆéēøÙóČßÙĉéđðŨîøšĂ÷úąǰ

12 êćööćéšü÷ÿćøÖĈÝĆéĒöúÜÙĉéđðŨîøšĂ÷úąǰ11 ĒúąÿćøĂČęîėǰĂĊÖøšĂ÷úąǰ4ǰéĆÜõćóìĊę 2.3 

 
øĎðìĊęǰ2�1ǰðøĉöćèÖćøîĈđ×šćüĆêëčĂĆîêøć÷ìćÜÖćøđÖþêøǰó�ý����������ǰ<�> 

ìĆĚÜîĊĚđÙøČĂ×Šć÷đêČĂîõĆ÷ÿćøđÙöĊÖĈÝĆéýĆêøĎóČßĕéšöĊÖćøêøüÝÿĂïñĆÖĒúąñúĕöšðøąÝĈðŘǰ

2563 ēé÷ÿčŠöêøüÝñĆÖñúĕöšìĆĚÜĀöéǰ509 êĆüĂ÷ŠćÜÝćÖìĆęüðøąđìýǰēé÷ðøąÖĂïĕðéšü÷ñúĕöšÝĈîüîǰ9 
ßîĉéǰðøąÖĂïéšü÷ǰÿšöēĂǰÿšöĒöîéćøĉîîĈđ×šćǰúĂÜÖĂÜǰîšĂ÷ĀîŠćǰĒÖšüöĆÜÖøǰòøĆęÜǰÿšöÿć÷îĚĈñċĚÜǰóčìøć

ÝĊîǰĒúąĂÜčŠîĒéÜîĂÖǰñĆÖÝĈîüîǰ18 ßîĉéǰðøąÖĂïéšü÷ǰ×šćüēóéĀüćîǰöĆîòøĆęÜǰĀîŠĂĕöšòøĆęÜǰÖøąđÝĊě÷ï

đ×Ċ÷üǰĒÙøĂìǰëĆęüòŦÖ÷ćüǰïøĘĂÖēÙúĊǰĀĆüĕßđìšćǰñĆÖïčšÜǰöąøąǰÖąđóøćǰÖüćÜêčšÜǰñĆÖßĊǰöąđ×ČĂđìýñúđúĘÖǰ

Ùąîšćǰ×ċĚîÞŠć÷ǰóøĉÖĒéÜǰĒúąóøĉÖ×ĊĚĀîĎǰĒúą×ĂÜĒĀšÜǰ2 ßîĉéǰĕéšĒÖŠǰóøĉÖĒĀšÜǰĒúąđĀĘéĀĂöǰēé÷ÿŠÜ

êĆüĂ÷ŠćÜìĆĚÜĀöéĕðêøüÝìĊęĀšĂÜðäĉïĆêĉÖćøĔîðøąđìýÿĀøćßĂćèćÝĆÖøǰàċęÜÿćöćøëêøüÝüĆéñúĕéš

ÙøĂïÙúčöÿćøđÙöĊÖĈÝĆéĒöúÜĒúąđßČĚĂøćǰìĊęĕéšøĆïøĂÜöćêøåćîøąĀüŠćÜðøąđìýǰ	ISO17025) ñúÖćø
êøüÝüĉđÙøćąĀŤóïüŠćǰöĊñĆÖĒúąñúĕöšöćÖëċÜǰ58.7 % ìĊęóïÿćøóĉþêÖÙšćÜđÖĉîöćêøåćîǰēé÷ñĆÖìĊęóï

ÖćøêÖÙšćÜđÖĉîöćêøåćîöćÖìĊęÿčéÙČĂǰöąđ×ČĂđìýñúđúĘÖǰóøĉÖ×ĊĚĀîĎǰóøĉÖĒéÜǰ×ċĚîÞŠć÷ǰÙąîšćǰóïêÖÙšćÜ
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đÖĉîöćêøåćîìĆĚÜĀöéìčÖêĆüĂ÷ŠćÜǰ	100%) ÝćÖìĊęđÖĘïöćßîĉéúąǰ16 êĆüĂ÷ŠćÜǰñĆÖñúĕöšìĊęóïÖćøêÖÙšćÜ

øĂÜúÜöćĕéšĒÖŠǰÖąđóøćǰ	81%) öąøąǰ	62%) ñĆÖïč šÜǰ	62%) ĀĆüĕßđìšćǰ	56%) ïøĘĂÖēÙúĊǰ	50%) 
ëĆęüòŦÖ÷ćüǰ	44%) ĒÙøĂìǰ	19%) ÖøąđÝĊě÷ïđ×Ċ÷üǰ	6%) ĒúąĀîŠĂĕöšòøĆęÜǰ	6%) ÿŠüîöĆîòøĆęÜóïÖćø

êÖÙšćÜĔîøąéĆïĕöŠđÖĉîöćêøåćîĒúą×šćüēóéĀüćîĕöŠóïÖćøêÖÙšćÜ 

 
øĎðìĊęǰ2�2 ÿëćîÖćøèŤÿćøóĉþêÖÙšćÜĔîñĆÖñúĕöšǰ����% đÖĉîÙŠćöćêøåćîǰ<�> 

       2.1.2  ÿćøðøąÖĂïÙćøŤïćđöêǰ(Carbamate compound)ǰ 
ÿćøđÙöĊÖĈÝĆéýĆêøĎóČßìĊęĔßšĔîðŦÝÝčïĆîǰĀćÖĒïŠÜêćöÿĎêøēÙøÜÿøšćÜìćÜđÙöĊÝąÿćöćøëĒïŠÜ

ĂĂÖĕéšĀúć÷ÖúčŠöǰēé÷ÿćøÖĈÝĆéýĆêøĎóČßÖúčŠöÙćøŤïćđöêǰÙČĂ ÖúčŠöìĊęöĊÙćøŤïćøĉúđðŨîĂÜÙŤðøąÖĂïǰàċęÜĔî

ðŦÝÝčïĆîöĊÖćøîĉ÷öĔßšĒúąêøüÝóïÙüćöđðŨîĂĆîêøć÷êŠĂøŠćÜÖć÷öćÖìĊęÿčéǰ<�> 
                 2.1.2.1  ×šĂöĎúìĆęüĕðĒúąēÙøÜÿøšćÜ×ĂÜÿćøÖĈÝĆéýĆêøĎóČßÖúčŠöÙćøŤïćđöêǰ<�>ǰ 

ēé÷ìĆęüĕðîĉ÷öĔßšÿćøđÙöĊÖĈÝĆéĒöúÜýĆêøĎóČßĔîñúĉêñúìćÜÖćøđÖþêøǰđßŠîǰñĆÖǰ

ñúĕöšǰĒúąđöúĘéóČßìĊęđðŨîĂćĀćøǰîĂÖÝćÖîĊĚ÷ĆÜĔßšÖĆïÿĆêüŤðŘÖǰðýčÿĆêüŤǰĒúąÿĆêüŤđúĊĚ÷ÜǰđóČęĂÖĈÝĆéĒöúÜ

øïÖüîǰĒúą÷ĆÜĔßšÖĈÝĆéĀĂ÷ìćÖĒúąĀîĂîêĆüÖúöǰ	nematodes) ïćÜßîĉéĕéš ÿćøÖĈÝĆéĒöúÜÖúčŠöîĊĚ
đðŨîÿćøĂĉîìøĊ÷ŤìĊęöĊíćêčĕîēêøđÝîđðŨîÿŠüîðøąÖĂïÿĈÙĆâǰöĊùìíĉĝêÖÙšćÜîćîĒúąöĊóĉþÙúšć÷ÿćøÖúčŠö

ĂĂøŤÖćēîôĂÿđôêǰöĊÖúĕÖÖćøđÖĉéóĉþĒúąÖćøĂĂÖùìíĉĝ÷Ćï÷ĆĚÜÖćøìĈÜćî×ĂÜĒĂàĊìĉúēÙúĊîđĂÿđìĂđøÿǰ

ìĈĔĀšÿćøÿČęĂðøąÿćìĒĂàĊìĉúēÙúĊîëĎÖìĈúć÷úÜǰÝċÜđÖĉéĂćÖćøđðŨîóĉþđîČęĂÜÝćÖÖćøìĈÜćî×ĂÜøąïï

ÿČęĂðøąÿćììĈÜćîöćÖđÖĉîðÖêĉǰÿćøĔîÖúčŠöîĊĚǰđßŠîǰēóøóĂÖđàĂøŤǰ	propoxur) ÙćøŤïćøĉúǰ	carbaryl) 
đïîĕéēĂÙćøŤïǰ	bendiocarb) îĉ÷öĔßšĔîøĎðĒïïÞĊéóŠîñÿöÖĆïÿćøÖúčŠöĕóøĊìøĂ÷éŤÿĆÜđÙøćąĀŤ ǰēé÷

ÿĎêøēÙøÜÿøšćÜìćÜđÙöĊìĆęüĕð×ĂÜÿćøÖĈÝĆéýĆêøĎóČßÖúčŠöÙćøŤïćđöêĒÿéÜéĆÜøĎðìĊęǰ��� 
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øĎðìĊęǰ2�3 ēÙøÜÿøšćÜÿćøðøąÖĂïÙćøŤïćđöêǰ<�> 

                 2.1.2.2  ÙćøŤēïàĆúĒôîǰ<�> 
ÙćøŤēïàĆúĒôîÝĆéđðŨîüĆêëčĂĆîêøć÷ìćÜÖćøđÖþêøðøąđõìÿćøÖĈÝĆéýĆêøĎóČß

ÖúčŠöÙćøŤïćđöêǰ	carbamate)ǰàċęÜđðŨîÿćøóĉþêÖÙšćÜìĊęđðŨîĂĆîêøć÷ìćÜđÙöĊǰēé÷ÿćøÖĈÝĆéýĆêøĎóČßÙćøŤ

ēïàĆúĒôîǰĔßšðŜĂÜÖĆîĒúąÖĈÝĆéýĆêøĎóČßĔîëĆęüêŠćÜėǰĔßšĔîÖćøðŜĂÜÖĆîĒöúÜýĆêøĎóČß 	pesticides) ĔîĕøŠǰ

đßŠîǰđóúĊĚ÷ĂŠĂîǰĀîĂîĒöúÜüĆîǰĀöĆéÖøąēééǰđóúĊĚ÷ĕôǰĒöúÜĀüĊę×ćüǰĀîĂîöšüîĔïǰöéǰðúüÖǰĒöÜÖą

ßĂîǰĕÿšđéČĂîòĂ÷ǰēé÷×šĂöĎúìĆęüĕð×ĂÜÙćøŤēïàĆúĒôîĒÿéÜéĆÜêćøćÜìĊęǰ2.2 

ǰêćøćÜìĊęǰ2�1 ×šĂöĎúìĆęüĕð×ĂÜÙćøŤēïàĆúĒôîǰ<�> 

 

 

 

 

 

 

 

 

 

 
 

ßČęĂìćÜđÙöĊ 2,3-dihydro-2,2-dimethyl-7-benzofuryl 
[(dibutylamino)thio] methylcarbamate 

ÿĎêøđÙöĊ� C20H32N2O3S 
îĚĈĀîĆÖēöđúÖčú ����� 
ÙüćöëŠüÜÝĈđóćą �����g/mL ìĊęǰ��ǰrC 
øĎðĒïïìćÜÖć÷õćó ×ĂÜđĀúüÿĊîĚĈêćú 
ÙüćöéĆîĕĂ ����x10-6 Torr ìĊęǰ��ǰrC 
ÙüćöÿćöćøëĔîÖćøúąúć÷ îĚĈǰ(0.3 ppm), ñÿöēé÷ÿöïĎøèŤĔîĕàúĊî, đăÖđàî,ǰÙúĂēøôĂøŤö,ǰ

đöìĉúĊîÙúĂĕøéŤǰđöìćîĂúĂąàĉēêî 

 
øĎðìĊęǰ2�4 ēÙøÜÿøšćÜÙćøŤēïàĆúĒôîǰ<�> 

 ÙüćöđðŨîĂĆîêøć÷×ĂÜÙćøŤēïàĆúĒôîǰ<�> 
- đðŨîĂĆîêøć÷ëċÜêć÷ĕéšđöČęĂĀć÷ĔÝđ×šćĕðǰ 
- đðŨîóĉþđöČęĂÖúČîÖĉîđ×šćĕðǰ 
- ĂćÝìĈĔĀšđÖĉéÖćøĒóšìĊęñĉüĀîĆÜǰ 
- đðŨîóĉþøšć÷ĒøÜêŠĂÿĉęÜöĊßĊüĉêĔîîĚĈ 

 
เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหาและต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้



6 
 

 
 

                 2.1.2.3   ÙüćöđðŨîóĉþ×ĂÜÿćøÖĈÝĆéýĆêøĎóČßÖúčŠöÙćøŤïćđöêđöČęĂđ×šćÿĎŠøŠćÜÖć÷ǰ<�> 
��ǰøąïïìćÜđé ĉîĂćĀćøǰ: ñúÝćÖÖćøÖøąêčšîǰmuscarinic synapses ìĈĔĀš

đÖĉéĂćÖćøđÞĊ÷ïóúĆîÖĆïøąïïìćÜđéĉîĂćĀćøǰĕéšĒÖŠǰÖćøöĊÿćøÙĆéĀúĆęÜìĆĚÜîĚĈúć÷ĒúąîĚĈêćĂĂÖöćöćÖ

ñĉéðÖêĉǰëŠć÷ĂčÝÝćøąøŠüöéšü÷ǰĒúąĂćÝóïÖćøĂĆÖđÿï×ĂÜøąïïìćÜđéĉîĂćĀćø 
��ǰøąïïðøąÿćìĒúąÖúšćöđîČĚĂǰ: óïĂćÖćøÖúšćöđîČĚĂĂŠĂîĒøÜǰÖúšćöđîČĚĂÿĆęîǰ

àċęÜđðŨîñúÝćÖÖćøÖøąêčšîǰnicotinic receptor 
��ǰøąïïĀúĂéđúČĂéĀĆüĔÝǰ: óïõćüąǰbradycardia 

       2.1.3  ÷ĎüĊ�üĉÿĉđïĉúǰÿđðÖēêøēôēêöĉđêĂøŤǰ	UV-VIS Spectrophotometer
 [16], [17] 
÷ĎüĊ�üĉÿĉđïĉúǰÿđðÖēêøēôēêöĉđêĂøŤǰ đðŨîđÙøČęĂÜöČĂìĊęĔßšĔîÖćøüĉđÙøćąĀŤÿćøēé÷ĂćýĆ÷

ĀúĆÖÖćøéĎéÖúČîøĆÜÿĊ×ĂÜÿćøìĊ ęĂ÷Ď ŠĔîßŠüÜǰUltra violet (UV) ĒúąǰVisible (VIS) Ùüćö÷ćüÙúČęî

ðøąöćèǰ��������ǰnm ēé÷ìĊęÙüćö÷ćüÙúČęîĒÿÜÝąöĊÙüćöÿĆöóĆîíŤÖĆïðøĉöćèĒúąßîĉé×ĂÜÿćøìĊęĂ÷ĎŠ

ĔîêĆüĂ÷ŠćÜǰđöČ ęĂìĈÖćøüĆéðøĉöćè×ĂÜĒÿÜìĊ ęñŠćîĀøČĂÿąìšĂîöćÝćÖêĆüĂ÷ŠćÜđìĊ÷ïÖĆïĒÿÜÝćÖ

ĒĀúŠÜÖĈđîĉéìĊęÙüćö÷ćüÙúČęîÙŠćêŠćÜėêćöÖã×ĂÜǰBeer-Lambert ÙŠćÖćøéĎéÖúČîĒÿÜǰ	absorbance) 
×ĂÜÿćøÝąĒðøñĆîÖĆïÝĈîüîēöđúÖčúìĊęöĊÖćøéĎéÖúČîĒÿÜǰéĆÜîĆĚîÝċÜÿćöćøëĔßšđìÙîĉÙîĊĚĔîøąïčßîĉéĒúą

ðøĉöćè×ĂÜÿćøêŠćÜėìĊęöĊĂ÷ĎŠĔîêĆüĂ÷ŠćÜĕéš 

 
øĎðìĊęǰ2�5 ÷ĎüĊ�üĉÿĉđïĉúǰÿđðÖēêøēôēêöĉđêĂøŤǰ	UV-VIS Spectrophotometer)ǰ<��> 

ÿŠüîðøąÖĂïĀúĆÖ×ĂÜđÙøČęĂÜ÷ĎüĊ�üĉÿĉđïĉúǰÿđðÖēìøēôēêöĉđêĂøŤǰöĊĂ÷ĎŠǰ�ǰÿŠüîǰéĆÜîĊĚ 
                 2.1.3.1  ĒĀúŠÜÖĈđîĉéĒÿÜ 

ĒĀúŠÜÖĈđîĉéĒÿÜĔîđÙøČęĂÜÿđðÖēìøēôēêöĉđêĂøŤÝąêšĂÜĔĀšøĆÜÿĊĔîßŠüÜÙüćö÷ćü

ÙúČęîìĊęêšĂÜÖćøĂ÷ŠćÜêŠĂđîČęĂÜĒúąÙÜìĊęêúĂéđüúćǰøüöìĆĚÜöĊÙüćöđ×šöĒÿÜìĊęöćÖóĂǰĀúĂéÖĈđîĉéĒÿÜöĊ

Āúć÷ßîĉéêćöÙüćö÷ćüÙúČęîĒÿÜìĊęđðúŠÜĂĂÖöćǰàċęÜêšĂÜđúČĂÖĔßšĔĀšëĎÖêšĂÜđĀöćąÿöÖĆï×ĂÜđĀúüìĊę

îĈöćüĆéÙŠćÖćøéĎéÖúČîĒÿÜǰǰǰ 
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                 2.1.3.2  ÿŠüîđúČĂÖÙüćö÷ćüÙúČęîǰ	wavelength selector) 
ÿŠüîðøąÖĂïîĊĚđðŨîÿŠüîìĊęĔßšÙüïÙčöĒÿÜēé÷ÝąìĈĔĀšĒÿÜìĊęĂĂÖöćÝćÖêšî

ÖĈđîĉéĒÿÜǰàċ ęÜđðŨîĒÿÜìĊ ęöĊĀúć÷Ùüćö÷ćüÙúČęîǰ	polychromatic wavelength) ĔĀšđðŨîĒëïĒÿÜ

ĔîßŠüÜĒÙïėǰĀøČĂǰđðŨîÙüćö÷ćüÙúČęîđéĊę÷üǰ	monochromatic wavelength) đÙøČęĂÜöČĂÿöĆ÷ÖŠĂîÝą

ĔßšðøĉàċöǰĀøČĂǰôŗúđêĂøŤÿĈĀøĆïĒ÷ÖÙüćö÷ćüÙúČ ęîǰĒêŠðŦÝÝčïĆîđðúĊ ę÷îöćĔßšēöēîēÙøđöđêĂøŤǰ

	monochromator) ĒïïđÖøêêĉĚÜǰ	grating) ÿąìšĂîĒÿÜǰàċęÜöĊúĆÖþèąđðŨîøŠĂÜđúĘÖė×îćîÖĆîÝĈîüî

öćÖǰĒÿÜÝćÖĒĀúŠÜÖĈđîĉéĒÿÜÝąêÖÖøąìïúÜïîñĉüĀîšć×ĂÜøŠĂÜǰĒúšüÿąìšĂîĂĂÖöćìĊęöčöêŠćÜėǰ

đÞóćąÙüćö÷ćüÙúČęîìĊęđøćđúČĂÖđìŠćîĆĚîÝċÜÝąñŠćîßŠĂÜĒÿÜĂĂÖǰ	exit slit) ĕðÿĎŠÿćøêĆüĂ÷ŠćÜĕéš 
                 2.1.3.3  đàúúŤìĊęĔßšïøøÝčÿćøúąúć÷êĆüĂ÷ŠćÜǰ	cell sample) 

ïćÜÙøĆĚÜĂćÝđøĊ÷ÖüŠćǰÙĉüđüììŤǰ	cuvettes) øĎðĒïïìĊęĔßšÖĆîìĆęüĕðĕéšĒÖŠđàúúŤìĊę

ìĈéšü÷ĒÖšüíøøöéćǰÝąĔßšĕéšđÞóćąßŠüÜüĉÿĉđïĉúǰđóøćąđîČĚĂĒÖšüíøøöéćëĎÖéĎéÖúČîĒÿÜĔîßŠüÜ÷ĎüĊĕéšǰĒêŠ

đàúúŤìĊęìĈéšü÷àĉúĉÖćĒúąÙüĂøŤêàŤǰ	quartz) ĔßšĕéšìĆĚÜßŠüÜ÷ĎüĊĒúąüĉÿĉđïĉú 
                 2.1.3.4  êĆüêøüÝÝĆïÿĆââćèǰ(Detector) 

ìĈĀîšćìĊęĔîÖćøüĆéÙüćöđ×šö×ĂÜøĆÜÿĊìĊęëĎÖéĎéÖúČîǰēé÷ÖćøĒðúÜóúĆÜÜćîÙúČęî

øĆÜÿĊđðŨîóúĆÜÜćîĕôôŜćǰđÙøČęĂÜüĆéĒÿÜìĊę÷ĆÜîĉ÷öÖĆîĂ÷ĎŠĔîðŦÝÝčïĆîǰÙČĂǰĀúĂéēôēêöĆúêĉóúć÷đĂĂøŤǰ

	photomultiplier tube, PMT) ĒúąđÙøČęĂÜüĆéĒÿÜßîĉéàĉúĉÖĂîĕéēĂéǰ	silicon diode detector) 
                 2.1.3.5  ÿŠüîïĆîìċÖĒúąĒðøñúÿĆââćèǰ	recorder and processor) 

ìĈĀîšćìĊ ę×÷ć÷ÿĆââćèǰĒúąĒðøñúÿĆââćèĔĀšĂĂÖöćĔîöćêøćÿ Šüîǰǰǰǰǰǰǰ

ĒïïúĘĂÖǰ	log scale) 

 
øĎðìĊęǰ2�6ǰÿŠüîðøąÖĂïĀúĆÖ×ĂÜđÙøČęĂÜ÷ĎüĊ�üĉÿĉđïĉúǰÿđðÖēêøēôēêöĉđêĂøŤǰ<��> 

       2.1.4  ĒĀúŠÜÖĈđîĉéĒÿÜǰ<�> 
ĒĀúŠÜÖĈđîĉéĒÿÜÿćöćøëĒïŠÜĂĂÖĕéšđðŨîǰ�ǰðøąđõìĀúĆÖėǰĕéšĒÖŠ 
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                 2.1.4.1  ĒĀúŠÜÖĈđîĉéĒÿÜêćöíøøößćêĉǰÙČĂǰéüÜĂćìĉê÷ŤǰéćüùÖþŤéüÜĂČęîǰėǰĒúą

ðøćÖäÖćøèŤôŜćĒúïôŜćñŠćǰēé÷ĒÿÜÝćÖéüÜĂćìĉê÷ŤëČĂđðŨîĒĀúŠÜÖĈđîĉéĒÿÜìĊęĔĀâŠìĊęÿčé×ĂÜēúÖ 
                 2.1.4.2  ĒĀúŠÜÖĈđîĉéĒÿÜÝćÖÿĉęÜöĊßĊüĉêǰ	Bioluminescence) ĕéšĒÖŠǰÖćøđøČĂÜĒÿÜ
×ĂÜÿĆêüŤïćÜßîĉéǰđßŠîǰÖćøöĊĒÿÜÿüŠćÜĔîêĆüđĂÜ×ĂÜĀĉęÜĀšĂ÷ǰðúćîĚĈúċÖïćÜßîĉéǰ ĒúąĒóúÜÖŤêĂîĔî

ìąđú 
                 2.1.4.3  ĒĀúŠÜÖĈđîĉéĒÿÜðøąéĉþåŤǰÙČĂǰĒĀúŠÜÖĈđîĉéĒÿÜìĊęÿøšćÜÝćÖöîčþ÷ŤǰĕéšĒÖŠǰĒÿÜ

ÝćÖĀúĂéĕôǰđìĊ÷îĕ×ǰêąđÖĊ÷ÜǰĒúąĒÿÜìĊęđÖĉéÝćÖÖćøđñćĕĀöšđßČĚĂđóúĉÜðøąđõìêŠćÜǰėǰđßŠîǰëŠćîǰôŚîǰ

ĒúąîĚĈöĆîđðŨîêšîǰàċęÜĔîÜćîüĉÝĆ÷ßĉĚîîĊĚĒĀúŠÜÖĈđîĉéĒÿÜðøąéĉþåŤìĊęđÖĊę÷ü×šĂÜöĊǰ�ǰßîĉéǰĕéšĒÖŠ 
�
ǰĀúĂéôúĎĂĂđøÿđàîêŤǰ	Fluorescent Lamp) [12] 

ĀúĂéôúĎĂĂđøÿđàîêŤđðŨîĀúĂéǰDischarge lamp ìĊęÖĈđîĉéĒÿÜìĊęöĂÜđĀĘî

ĕéšǰ	���ǰıǰ���ǰîćēîđöêø
ǰéšü÷ÖćøìĊęøĆÜÿĊĂĆúêøćĕüēĂđúêǰ	�����ǰîćēîđöêø
ǰìĊęđÖĉéÝćÖÖćøÙć÷

ðøąÝč×ĂÜĕĂðøĂìÙüćöéĆîêĞęćǰĕðÖøąêčšîÿćøđøČĂÜĒÿÜǰ	Photoluminescence) àċęÜĀúĂéôúĎĂĂđøÿ

đàîêŤĒïŠÜĂĂÖđðŨîǰ�ǰÿĊǰĕéšĒÖŠǰ��ĀúĂéĕôüĂøŤöĕüìŤǰ	Warm white) öĊĂčèĀõĎöĉÿĊĂ÷ĎŠìĊęǰ�,���ǰıǰ�,���ǰ
đÙúüĉîǰĔĀšĒÿÜÿĊđĀúČĂÜđ×šöǰĕðÝîëċÜÿĊÿšöǰ��ĀúĂéĕôÙĎúĕüìŤǰ	Cool white) öĊĂčèĀõĎöĉÿĊĂ÷Ď ŠìĊę ǰǰǰǰǰǰ

�,���ǰıǰ�,���ǰđÙúüĉîǰĔĀšĒÿÜÿĊ×ćüĔîēìîĂčŠîǰ��ĀúĂéĕôđé÷ŤĕúìŤǰ	Daylight) öĊĂčèĀõĎöĉÿĊĂ÷ĎŠìĊęǰ

�,���ǰđÙúüĉîǰĔĀšĒÿÜÿĊ×ćüìĊęđĀöČĂîĒÿÜĔîíøøößćêĉǰëČĂđðŨîĒÿÜÿĊìĊęÿüŠćÜöćÖìĊęÿčéǰ<��> 
�
ǰĀúĂé÷ĎüĊǰ(UV Lamp)ǰ<��> 

ĀúĂéǰUV ÿćöćøëĒïŠÜðøąđõìêćöÖćøîĈĕðĔßšÜćîĕéšéĆÜîĊĚ 
�ǰĀúĂéǰUVAǰöĊÙüćö÷ćüÙúČęîÿĎÜǰóúĆÜÜćîêęĈǰÿćöćøëîĈĕðĔßšÜćîĔîÿŠüî

×ĂÜÖćøúŠĂĒöúÜ, ðúĎÖóČßïćÜßîĉé, êøüÝÿĂïÿĉęÜĒðúÖðúĂö, êøüÝÿĂïíîïĆêø, ĂïüÜÝø, ĂïÿĊđúĘïǰ

ĀøČĂĔîǰUVA ïćÜßîĉéÖĘÿćöćøëîĈĕðĔßšĔîÖćøĂïñĉüĕéš 
�ǰĀúĂéǰUVBǰöĊÙüćö÷ćüÙúČ ęîĒúąóúĆÜÜćîĂ÷Ď ŠìĊ ęøąéĆïÖúćÜǰÿćöćøë

îĈĕðĔßšÜćîĔîÿŠüî×ĂÜÖćøĂïñĉüĒìî, ÖćøđúĊĚ÷ÜÿĆêüŤïćÜßîĉéǰĀøČĂÖćøøĆÖþćēøÙñĉüĀîĆÜïćÜßîĉé 
�ǰĀúĂéǰUVCǰöĊÙüćö÷ćüÙúČęîêęĈǰóúĆÜÜćîÿĎÜǰÿćöćøëîĈĕðĔßšÜćîĔîÿŠüî

×ĂÜÖćøÛŠćđßČĚĂēøÙǰđßČĚĂøćǰđĀĘïǰĀøČĂĒïÙìĊđøĊ÷êŠćÜėǰēé÷ïćÜßîĉéĂćÝñúĉêÖŢćàēĂēàîǰàċęÜđðŨîĂĆîêøć÷

êŠĂøąïïìćÜđéĉîĀć÷ĔÝĕéš 
       2.1.5  ĒÿÜĒúąÿđðÖêøĆö×ĂÜĒÿÜǰ<�> 

ĒÿÜǰ	Light) ÙČĂǰÙúČęîĒöŠđĀúĘÖĕôôŜćǰ	Electromagnetic Wave) ßîĉéĀîċęÜǰàċęÜöĊÙüćö

÷ćüÙú Č ęîǰ	Wavelength) Ă÷ Ď Š Ĕîß ŠüÜì Ċ ęöî čþ÷ Ťÿćöćøëø Ćïø Ď š ĕé šñ Š ćîéüÜêćĀø ČĂì Ċ ę đ ø Ċ÷ÖüŠćǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰ
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ĶĒÿÜìĊęêćöĂÜđĀĘîķǰ	Visible Light) ēé÷îĆïđðŨîÿŠüîĀîċęÜ×ĂÜÙúČęîĒöŠđĀúĘÖĕôôŜćìĊęĂ÷ĎŠĔîßŠüÜÙüćö÷ćü

ÙúČęîǰǰǰ���ǰıǰ���ǰîćēîđöêø 
ĒÿÜöĊÙčèÿöïĆêĉìĊęÙŠĂî×šćÜàĆïàšĂîǰđîČęĂÜÝćÖöĊúĆÖþèąđðŨîđĀöČĂîìĆĚÜÙúČęîĒúąĂîčõćÙǰ

ĔîìćÜôŗÿĉÖÿŤǰĒÿÜǰĀöć÷ëċÜǰøĆÜÿĊĒöŠđĀúĘÖĕôôŜćǰ	Electromagnetic Radiation) ĔîìčÖßŠüÜÙüćö÷ćü

ÙúČęîǰĒöšÝąĂ÷ĎŠĔîßŠüÜìĊęÿć÷êć×ĂÜöîčþ÷ŤĕöŠÿćöćøëöĂÜđĀĘîĕéšǰĒÿÜöĊĂîčõćÙìĊęđøĊ÷ÖüŠćǰĶēôêĂîķǰ

	Photon) đðŨîĂîčõćÙìĊęÿćöćøëđÙúČęĂîìĊęĕéšéšü÷ĂĆêøćđøĘüÙÜìĊęǰàċęÜĂ÷ĎŠìĊęøćüǰ��� ,���,���ǰđöêøêŠĂ
üĉîćìĊǰēé÷ĕöŠÝĈđðŨîêšĂÜöĊÿČęĂĀøČĂĂćýĆ÷êĆüÖúćÜǰ	Medium)ǰĔîÖćøđÙúČęĂîìĊę đßŠîǰĒÿÜÝćÖéüÜĂćìĉê÷Ť

ìĊęđéĉîìćÜñŠćîĂüÖćýĀøČĂõćüąÿčââćÖćýöć÷ĆÜēúÖ 
ĒÿÜÝćÖéüÜĂćìĉê÷ŤđðŨîĒÿÜ×ćüǰ	White Light) àċęÜĔîìćÜüĉì÷ćýćÿêøŤǰÿćöćøëĔßš

ðøĉàċöǰ	Prism)ǰĀøČĂđÖøêêĉĚÜǰ(Grating) Ē÷ÖĂÜÙŤðøąÖĂï×ĂÜĒÿÜ×ćüĂĂÖÝćÖÖĆîĕéšǰēé÷ÿćöćøëĒïŠÜ

ĂĂÖđðŨîĒëïÿĊêŠćÜǰėǰìĆĚÜĀöéǰ�ǰÿĊǰĀøČĂìĊęđøĊ÷ÖüŠćǰĶÿđðÖêøĆöķǰ	Spectrum) àċęÜÿđðÖêøĆöÿćöćøë

ĒïŠÜĂĂÖđðŨîǰ�ǰßîĉéǰ<�>ǰĕéšĒÖŠ 
��ǰÿđðÖêøĆöêŠĂđîČęĂÜǰ	Continuous spectrum)ǰöĊúĆÖþèąđðŨîĒëïÿĊøčšÜêŠĂđîČęĂÜÖĆî đÖĉé

ÝćÖÖćøĒñŠøĆÜÿĊ×ĂÜüĆêëčéĈ  
��ǰÿđðÖêøĆöĒñŠøĆÜÿĊǰ	Emission spectrum) öĊúĆÖþèąđðŨîđÿšîÿĊÿüŠćÜïîĒëïöČéǰđÖĉé

ÝćÖÖćøĒñŠøĆÜÿĊ×ĂÜĒÖŢÿøšĂî 
��ǰÿđðÖêøĆöéĎéÖúČîǰ	Absorption spectrum) öĊúĆÖþèąđðŨîđÿšîöČéïîĒëïÿĊøčšÜǰ đÖĉé

ÝćÖĒÖŢÿđ÷Ęî×üćÜÖĆĚîÖćøĒñŠøĆÜÿĊÝćÖüĆêëčéĈ 

 
øĎðìĊęǰ2�7ǰÿđðÖêøĆö×ĂÜĒÿÜìĆĚÜǰ�ǰßîĉéǰ<�> 

ÿöïĆêĉĒúąóùêĉÖøøö×ĂÜĒÿÜǰöĊøć÷úąđĂĊ÷ééĆÜêŠĂĕðîĊĚ 
�
ǰÖćøÿąìšĂîǰ(Reflection)ǰÙČĂǰóùêĉÖøøö×ĂÜĒÿÜìĊęÿŠĂÜĕðÖøąìïñĉüêĆüÖúćÜìĊ ęöĊ

úĆÖþèąĒêÖêŠćÜÖĆîĒúąÿąìšĂîÖúĆïĂĂÖöćǰđðŨîÖćøđÙúČęĂîìĊę×ĂÜĒÿÜÝćÖêĆüÖúćÜêŠćÜßîĉéǰàċęÜđöČęĂ

ĒÿÜêÖÖøąìïÖĆïóČĚîñĉüÿĆöñĆÿ×ĂÜêĆüÖúćÜĔéėǰðøĉöćèĒúąìĉýìćÜ×ĂÜÖćøÿąìšĂî×ĂÜĒÿÜÝċÜ×ċĚîĂ÷ĎŠ

ÖĆïíøøößćêĉ×ĂÜóČĚîñĉüÿĆöñĆÿ×ĂÜêĆüÖúćÜîĆĚîė 
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�
ǰÖćøĀĆÖđĀǰ	Refraction
ǰÙČĂǰóùêĉÖøøö×ĂÜĒÿÜìĊęÿŠĂÜñŠćîêĆüÖúćÜìĊęöĊúĆÖþèąēðøŠÜĔÿǰ

đßŠîǰĂćÖćýǰĒÖšüǰîĚĈǰĒúąóúćÿêĉÖĔÿǰÿŠÜñúĔĀšĒÿÜĀĆÖđĀĂĂÖÝćÖĒîüìćÜÖćøđÙúČęĂîìĊęđéĉöǰøüöëċÜ

ÙüćöđøĘüĔîÖćøđÙúČęĂîìĊęàċęÜĂćÝđðúĊę÷îĒðúÜĕðǰēé÷đÞóćąđöČęĂĒÿÜđÙúČęĂîìĊęñŠćîêĆüÖúćÜêŠćÜßîĉéÖĆîǰ

Ă÷ŠćÜđßŠîǰÖćøđÙúČęĂîìĊę×ĂÜĒÿÜĔîîĚĈǰàċęÜÿŠÜñúêŠĂìĆĚÜÙüćöđøĘüĒúąìĉýìćÜĔîÖćøđÙúČęĂîìĊęĀøČĂÖćøĀĆÖđĀ

×ĂÜĒÿÜ 
�
ǰÖćøÖøąÝć÷ǰ	Dispersion) ÙČĂǰóùêĉÖøøö×ĂÜĒÿÜđöČ ęĂêÖÖøąìïëĎÖóČ Ěîñĉü×ĂÜ

êĆüÖúćÜǰÖŠĂîđÖĉéÖćøĀĆÖđĀǰàċęÜÿŠÜñúĔĀšĒÿÜìĊęöĊÙüćö÷ćüÙúČęîĀøČĂÙüćöëĊęêŠćÜėǰÖøąÝć÷ĂĂÖđðŨîĒëï

ÿĊǰđßŠîǰÖćøÖøąÝć÷×ĂÜĒÿÜÿĊ×ćüđöČęĂÿŠĂÜÖøąìïðøĉàċöǰđÖĉéđðŨîĒëïÿĊĀøČĂÿđðÖêøĆö 
�
ǰÖćøéĎéÖúČîǰ	Absorption) ÙČĂǰóùêĉÖøøö×ĂÜĒÿÜìĊęÿŠĂÜĕðÖøąìïêĆüÖúćÜĀøČĂüĆêëč ǰ

ÖŠĂîìĊęĒÿÜïćÜÿŠüîÝąëĎÖéĎéÖúČîĀć÷đ×šćĕðĔîêĆüÖúćÜǰàċęÜĒÿÜìĊęéĎéÖúČîđĀúŠćîĆĚîǰÝąöĊóúĆÜÜćîïćÜÿŠüî

ÿĎâĀć÷ĕðĔîøĎð×ĂÜóúĆÜÜćîÙüćöøšĂîǰ×èąìĊęĒÿÜĔîßŠüÜÙüćö÷ćüÙúČęîìĊęÿćöćøëÿŠĂÜñŠćîüĆêëčĀøČĂ

êĆüÖúćÜéĆÜÖúŠćüǰÝąĒÿéÜđÞóćąÙüćö÷ćüÙúČęî×ĂÜĒÿÜìĊęĕöŠëĎÖéĎéÖúČîǰÖúć÷đðŨîÿĊ×ĂÜüĆêëčìĊ ęđøć

öĂÜđĀĘî 
�
ǰÖćøìąúčñŠćîǰ	Transmission) ÙČĂǰóùêĉÖøøö×ĂÜĒÿÜìĊęđÙúČęĂîìĊęóčŠÜßîêĆüÖúćÜǰÖŠĂî

ìąúčñŠćîĂĂÖĕðĂĊÖéšćîĀîċęÜǰēé÷ìĊęÙüćöëĊęĕöŠöĊÖćøđðúĊę÷îĒðúÜǰüĆêëčìĊęöĊÙčèÿöïĆêĉĔĀšĒÿÜìąúčñŠćîĕéšǰ

đßŠîǰÖøąÝÖǰñúċÖÙøĉÿêĆúǰóúćÿêĉÖĔÿǰîĚĈĒúą×ĂÜđĀúüêŠćÜė 
�
ǰÖćøĒìøÖÿĂé×ĂÜÙúČęîǰ(Interference)ǰÙČĂǰóùêĉÖøøöÖćøøüöÖĆî×ĂÜĒÿÜǰ�ǰúĈǰ

ĀøČĂǰ�ǰ×ïüîđÙúČęĂîìĊęđ×šćĀćÖĆîǰđöČęĂĒÿÜìĆĚÜǰ�ǰúĈǰöĊĒĀúŠÜÖĈđîĉéìĊęÖŠĂĔĀšÙúČęîĒÿÜÙüćöëĊęđéĊ÷üÖĆîĒúą

Ùüćö÷ćüÙúČęîđìŠćÖĆîǰđöČęĂøüöêĆüđ×šćĀćÖĆîǰÿćöćøëÿŠÜñúĔĀšĒÿÜöĊÙüćöÿüŠćÜöćÖ÷ĉęÜ×ċĚîǰĔîìćÜêøÜÖĆî

×šćöǰÙüćöÿüŠćÜ×ĂÜĒÿÜÿćöćøëëĎÖúéìĂîĔĀšêęĈúÜǰĀćÖĒÿÜìĆĚÜǰ�ǰúĈǰđÙúČęĂîìĊęĀĆÖúšćÜÖĆîđĂÜ 
�
ǰÖćøđúĊĚ÷üđïîǰ	diffraction) ÙČĂóùêĉÖøøö×ĂÜĒÿÜìĊęđöČęĂđéĉîìćÜñŠćîÿĉęÜÖĊé×üćÜǰđßŠîǰ

×Ăï×ĂÜüĆêëčßŠĂÜđðŗéđúĘÖđúĘÖǰÝąđÖĉéÖćøđúĊĚ÷üđïîÖøąÝć÷êĆüĂĂÖÝćÖìĉýÖćøđÙúČęĂîìĊęĔîĒîüđéĉöǰĒÿÜ

ìĊęđéĉîìćÜñŠćîÿĉęÜÖĊé×üćÜÝąđúĊĚ÷üđïîìĊę×ĂïǰÙúČęîìĊęđúĊĚ÷üđïîñŠćîÿŠüîêŠćÜė×ĂÜÿĉęÜÖĊé×üćÜîĆĚîÝąđÖĉé

ÖćøĒìøÖÿĂéÖĆîÿćöćøëÿĆÜđÖêñúÖćøĒìøÖÿĂéǰ	interference pattern) đðŨîøĎðĒïïÖćøđúĊĚ÷üđïîǰ

	diffraction pattern) ×ĂÜĒëïÿüŠćÜÿúĆïÖĆïĒëïöČéïîÞćÖǰ<��> 
       2.1.6  Öä×ĂÜđïĊ÷øŤĒúąĒúöđïĉøŤêǰ<��> 

Öä×ĂÜĒúöđïĉøŤêǰ	-BNCFSUĴTǰMBX
ǰöĊĔÝÙüćöüŠć 
ĶđöČęĂöĊĒÿÜìĊęöĊÙüćö÷ćüÙúČęîđéĊę÷üǰ	monochromatic light) ñŠćîêĆüÖúćÜđîČĚĂđéĊ÷üǰ

ÿĆéÿŠüî×ĂÜÙüćöđ×šö×ĂÜĒÿÜìĊęëĎÖêĆüÖúćÜîĆĚîéĎéÖúČîĕüšĕöŠ×ċ ĚîĂ÷ĎŠ ÖĆïÙüćöđ×šö×ĂÜĒÿÜìĊęÖøąìï

êĆüÖúćÜîĆĚîǰĒúąÙüćöđ×šö×ĂÜĒÿÜÝąëĎÖĒêŠúąßĆĚî×ĂÜêĆüÖúćÜéĎéÖúČîĕüšĔîÿĆéÿŠüîìĊęđìŠćÖĆîķ 
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Öä×ĂÜđïĊ÷øŤǰ	#FFSĴTǰMBX
ǰöĊĔÝÙüćöüŠć 
ĶđöČęĂĒÿÜìĊęöĊÙüćö÷ćüÙúČęîđéĊę÷üñŠćîêĆüÖúćÜđîČĚĂđéĊ÷üǰÿĆéÿŠüî×ĂÜÙüćöđ×šö×ĂÜĒÿÜìĊę

ëĎÖêĆüÖúćÜîĆĚîéĎéÖúČîĕüšÝąĒðøñĆîēé÷êøÜÖĆïðøĉöćè×ĂÜêĆüÖúćÜìĊęéĎéÖúČîĒÿÜîĆĚîķ 
đöČęĂđøćüĆéÖćøéĎéÖúČîĒÿÜ×ĂÜÿćøúąúć÷ǰðøĉöćèÙüćöđ×šö×ĂÜĒÿÜìĊęëĎÖéĎéÖúČîÝą

×ċĚîĂ÷ĎŠÖĆïìĆĚÜÙüćöđ×šö×šî×ĂÜÿćøúąúć÷Ēúąøą÷ąìćÜìĊęúĈĒÿÜêšĂÜñŠćîúćøúąúć÷ǰÝċÜÝĈđðŨîêšĂÜøüö

Öä×ĂÜđïĊ÷øŤĒúąÖä×ĂÜĒúöđïĉøŤêǰđøĊ÷ÖđðŨîǰÖä×ĂÜđïĊ÷øŤ�ĒúöđïĉøŤêǰ	Beer-Lambert law) 
ÖćøüĆéÙŠćÖćøéĎéÖúČîĒÿÜ×ĂÜÿćøêĆüĂ÷ŠćÜđøćÿćöćøëìĈĕéšēé÷ĔĀšúĈĒÿÜñŠćîđ×šćĕðĔî

êĆüĂ÷ŠćÜǰ	Incident light: I�
ǰĒúšüüĆéðøĉöćèĒÿÜìĊęđĀúČĂñŠćîĂĂÖöćǰ	I) ēé÷đìĊ÷ïÖĆïĒÿÜìĊęñŠćîĂĂÖöć

đöČęĂĕöŠöĊÿćøêĆüĂ÷ŠćÜ 
                 2.1.6.1  ÙüćöÿĆöóĆîíŤ×ĂÜÙŠćÖćøéĎéÖúČîĒÿÜĒúąÙüćöđ×šö×šî 

ÙŠćÖćøéĎéÖúČîĒÿÜ×ĂÜÿćøöĊÙüćöÿĈÙĆâĂ÷ŠćÜ÷ĉęÜĔîđßĉÜðøĉöćèüĉđÙøćąĀŤ 
đîČęĂÜÝćÖÙŠćÖćøéĎéÖúČîǰ(absorbance
 ÝąđðŨîÿĆéÿŠüîēé÷êøÜÖĆïÙüćöđ×šö×šîǰ	concentration) 
êćöÖã×ĂÜđïĊ÷øŤǰ�ǰĒúöđïĉøŤê (Beer-Lambert law) éĆÜÿöÖćø 

0log IA c
I

H   

ǰđöČęĂǰ A  = ÙŠćÖćøéĎéÖúČîĒÿÜ×ĂÜÿćøǰ	absorbance)  
H  = đðŨîÿöïĆêĉÝĈđóćą×ĂÜÿćøìĊęéĎéÖúČîĒúąüĆéìĊęÙüćö÷ćüÙŠćĀîċęÜǰ

đøĊ÷ÖüŠćǰmolar absorptivity (L mol-1 cm-1) 
c  = Ùüćöđ×šö×šîđðŨîǰēöú�úĉêøǰĀøČĂēöúćøŤǰ	M) 
 = øą÷ąìćÜìĊęĒÿÜñŠćîêĆüĂ÷ŠćÜǰ	cm) 

0I  = ÙŠćÙüćöđ×šöĒÿÜÖŠĂîñŠćîêĆüĂ÷ŠćÜ (Lumen) 
I  =ǰÙŠćÙüćöđ×šöĒÿÜìĊęñŠćîêĆüĂ÷ŠćÜĂĂÖöć (Luman) 

       2.1.7  ÖćøüĉđÙøćąĀŤõćó 
đìÙîĉÙÖćøüĆéÿĊõćóéĉÝĉìĆúǰ	Digital Image Colorimetry: DIC) đðŨîđìÙîĉÙìĊęüĉđÙøćąĀŤ

ÿĊÝćÖõćóéĉÝĉìĆúìĊęøüïøüöēé÷đÙøČęĂÜöČĂìĊęÝĆïõćóĕéšǰđßŠîǰÿöćøŤìēôîǰÖúšĂÜéĉÝĉìĆúǰđüĘïĒÙöǰ ĀøČĂǰ

ÿĒÖîđîĂøŤǰ<��>ǰÝćÖîĆĚîÝąĔßšàĂôêŤĒüøŤđÞóćąĔîÖćøüĆéðøĉöćèÿĊĒúąüĉđÙøćąĀŤÿĊõć÷ĔêšøąïïÿĊìĊę

đĀöćąÿöǰĒúšüĒÿéÜñúĔîøĎðĒïï×ĂÜÙüćöÿĆöóĆîíŤøąĀüŠćÜ×šĂöĎúõćóđßĉÜðøĉöćèĒúąÙüćöđ×šö×šî

×ĂÜÖćøüĉđÙøćąĀŤ 
ēé÷ìĆęüĕðøąïïüĉđÙøćąĀŤÿĊ×ĂÜÖćøüĆéÿĊõćóéĉÝĉìĆúðøąÖĂïéšü÷ǰĒĀúŠÜÖĈđîĉéĒÿÜǰ

đÙøČęĂÜöČĂÿĈĀøĆïëŠć÷õćóǰĒúąàĂôêŤĒüøŤðøąöüúñúõćóǰ<��> 

(���) 
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                 2.1.7.1  ĒĀúŠÜÖĈđîĉéĒÿÜ 
Ruosha Zeng ĒúąÙèąǰóïüŠćÖćøüĉđÙøćąĀŤÿĊÝćÖõćóëŠć÷ìĊęëŠć÷õć÷Ĕêš

ÿõćüąĒÿÜêŠćÜÖĆîÝąĔĀšÙŠćÿĊìĊęêŠćÜÖĆîǰìĈĔĀšđÖĉéÙüćöÙúćéđÙúČęĂîđöČęĂîĈÙŠćÿĊìĊęĕéšĕðüĉđÙøćąĀŤđðŨî

ðøĉöćèÿćøǰöĊüĉíĊĒÖšĕ×ēé÷ÖćøĒðúÜÙŠćĒÿéÜĔîõćóëŠć÷ēé÷ÖćøĔßšÿöÖćøÙüćöÿĆöóĆîíŤǰ <��>ǰĀøČĂĔßš

ÙŠćÙüćöÿüŠćÜÙÜìĊ ęĔîÖćøëŠć÷õćóǰēé÷ÖćøÿøšćÜøąïïëŠć÷õćóìĊ ęêĆéĒÿÜÝćÖõć÷îĂÖĒúąĔßš

ĒĀúŠÜÖĈđîĉéĒÿÜĒïïðøąéĉþåŤßŠü÷ÙüïÙčöÿõćüąĒÿÜĔĀšöĊÙüćöÿüŠćÜĒúąÿĊìĊęđĀöČĂîÖĆîêúĂéđüúćǰ

<��> 
                 2.1.7.2  ĂčðÖøèŤÿĈĀøĆïëŠć÷õćó 

×šĂöĎúõćóéĉÝĉìĆúēé÷ÿŠüîĔĀâŠĕéšöćÝćÖđÙøČęĂÜÿĒÖîǰÖúšĂÜéĉÝĉìĆúǰđüĘïĒÙöǰ

ĒúąēìøýĆóìŤöČĂëČĂǰàċęÜĂčðÖøèŤìĊęĒêÖêŠćÜÖĆîÝąîĈĕðÿĎŠÙčèõćó×ĂÜõćóìĊęĒêÖêŠćÜÖĆîǰéĆÜîĆĚîÝċÜêšĂÜĔßš

ĂčðÖøèŤđéĊ÷üÖĆîĔîÖćøøüïøüöõćóĔîÖøąïüîÖćøìĆĚÜĀöéđóČęĂúé×šĂñĉéóúćé×ĂÜĂčðÖøèŤǰ<��> 
                 2.1.7.3  àĂôêŤĒüøŤüĉđÙøćąĀŤøĎðëŠć÷ 

ÿŠüîðøąÖĂïÿčéìšć÷×ĂÜøąïïüĉđÙøćąĀŤÿĊ×ĂÜÖćøüĆéÿĊõćóéĉÝĉìĆúǰÙČĂ

àĂôìŤĒüøŤĀøČĂēðøĒÖøöÙĂöóĉüđêĂøŤÿĈĀøĆïÖćøüĉđÙøćąĀŤõćóǰđðŨîøąđïĊ÷ïüĉíĊÿĈĀøĆïÖćøðøąöüú

õćóđïČĚĂÜêšîǰēðøĒÖøöÙĂöóĉüđêĂøŤÿĈĀøĆïÖćøüĉđÙøćąĀŤõćóöĊĀúć÷Ēïïǰēé÷ÿŠüîĔĀâŠîĉ÷öĔßšǰ

PhotoshopǰĀøČĂǰMATLAB ĔîÖćøüĉđÙøćąĀŤÿĊ×ĂÜõćóǰ<��>ǰàċ ęÜ MATLAB ëČĂđðŨîēðøĒÖøöìĊę

đĀöćąÿöÖĆïÜćîüĉÝĆ÷îĊĚǰđîČęĂÜÝćÖöĊđÙøČęĂÜöČĂǰImage Processing Toolbox <��>ǰìĊęÿćöćøëîĈöć

ðøą÷čÖêŤĔßšĔîÖćøüĉđÙøćąĀŤõćóëŠć÷ÿđðÖêøĆö ĒúąÿćöćøëîĈĕðóĆçîćđóČęĂüĉđÙøćąĀŤÙüćöÿĆöóĆîíŤ

øąĀüŠćÜÙŠćÖćøéĎéÖúČîĒÿÜÖĆïÙüćöđ×šö×šî×ĂÜÿćøêĆüĂ÷ŠćÜĕéš 

       2.1.8  øąïïÿĊ [15] 
øąïïÿĊǰ	Color model) ÙČĂßčé×ĂÜÿĊìĊęöĂÜđĀĘîĕéšēé÷öîčþ÷ŤĀøČĂĂčðÖøèŤǰøąïïÿĊöĊ

Āúć÷øąïïǰêšĂÜđúČĂÖĔßšĂ÷ŠćÜëĎÖêšĂÜĒúąđĀöćąÿöǰđóČęĂÖćøüĉđÙøćąĀŤÿĊìĊęĒöŠî÷Ĉǰēé÷øąïïÿĊìĊęĔßš Ĕî

ÜćîüĉÝĆ÷ÞïĆïîĊĚöĊøć÷úąđĂĊ÷ééĆÜêŠĂĕðîĊĚ 
                 2.1.8.1  øąïïÿĊǰRGB  

øąïïÿĊǰRGB (RGB color model) đðŨîøąïïÿĊĒÿéÜñúïîÙĂöóĉüđêĂøŤǰëĎÖ

ĒÿéÜéšü÷ĀîŠü÷úĎÖïćýÖŤǰēé÷ĒêŠúąÿĊǰ	ĒéÜǰđ×Ċ÷üǰĒúąîĚĈđÜĉî
ǰëĎÖÖĈĀîéúÜïîÿćöĒÖîóĉÖĆéöčöÞćÖ

ĔîóČĚîìĊęǰ�ǰöĉêĉǰêĆüĂ÷ŠćÜ×ĂÜúĎÖïćýÖŤéĆÜÖúŠćüĒÿéÜĕüšéšćîúŠćÜóøšĂöÖĆïÿĊĀúĆÖïćÜÿĊĒúąóĉÖĆé×ĂÜÿĊîĆĚîėǰ

	øĎðìĊęǰ���
ǰĔîĒêŠúąĒÖî×ĂÜúĎÖïćýÖŤÿĊÝąöĊßŠüÜÿĊêĆĚÜĒêŠĕöŠöĊÿĊéĆÜÖúŠćüǰĕðÝîëċÜöĊÿĊìĊęĂĉęöêĆüđêĘöìĊęàċęÜ

úĎÖïćýÖŤÿĊđðŨîÿĊìċïǰĒúąÝčéĔéėǰ	ÿĊ
ǰõć÷ĔîúĎÖïćýÖŤÝąëĎÖøąïčéšü÷êĆüđú×ÿćöêĆüǰĕéšĒÖŠǰR, G, B ēé÷
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đÿšîìĒ÷Üöčö×ĂÜúĎÖïćýÖŤÝćÖÿĊéĈǰ	�, �, �
ǰëċÜÿĊ×ćüǰ	�, �, �
ǰĒìîÿĊđìćìĆĚÜĀöéǰĒúąĒÖîÿćöĒÖî

ĒìîÿĊĒéÜǰđ×Ċ÷üǰĒúąîĚĈđÜĉîêćöúĈéĆïǰĔîìćÜðäĉïĆêĉǰÖćøñÿöăćøŤéĒüøŤ�àĂôêŤĒüøŤÙĂöóĉüđêĂøŤìĊę

ĒêÖêŠćÜÖĆîÝąĔßšßŠüÜÿĊìĊęĒêÖêŠćÜÖĆîǰÿĊìĆęüĕðÙČĂǰ�ı���ǰĒúąǰ�ı�����ǰÿĈĀøĆïĒêŠúąÿŠüîðøąÖĂïǰ

óČĚîìĊęÿĊǰRGB îĊĚĂ÷ĎŠõć÷ĔîóČĚîìĊęÖćøøĆïøĎš×ĂÜđøćǰÖúŠćüÙČĂǰúĎÖïćýÖŤǰRGB ĒÿéÜÿĊîšĂ÷ÖüŠćìĊęđøćöĂÜđĀĘîǰ

ĒïïÝĈúĂÜǰRGB öĆÖĔßšĔîñúĉêõĆèæŤéĉÝĉìĆúĒúąĔßšÖĆîĂ÷ŠćÜĒóøŠĀúć÷ĔîìćÜĂčêÿćĀÖøøö 

ǰǰǰǰǰǰ  
øĎðìĊęǰ2�8ǰøąïïÿĊǰRGB 

                 2.1.8.2  øąïïÿĊǰHSB ĀøČĂǰHSV (Hue Saturation Value)ǰ 
ēöđéúÿĊǰHSBǰ	Hue, Saturation ĒúąǰBrightness
ǰĀøČĂìĊęđøĊ÷ÖÖĆîüŠćēöđéúǰ

HSV (Hue, Saturation ĒúąǰValue)  ÖĈĀîéóČĚîìĊęÿĊĔîĒÜŠ×ĂÜĂÜÙŤðøąÖĂïÿćöÿŠüîǰ	ÿĊǰÙüćöĂĉęöêĆüǰ

ĒúąÙüćöÿüŠćÜ
ǰ 
- Hue ÙČĂðøąđõìÿĊǰ	đßŠîǰÿĊĒéÜǰÿĊîĚĈđÜĉîǰĀøČĂÿĊđĀúČĂÜ
ǰêĆĚÜĒêŠǰ�ƕǰëċÜǰ���ƕǰ

	ĒêŠúąÙŠćÿĂéÙúšĂÜÖĆïĀîċęÜÿĊǰđßŠîǰ�ǰÙČĂÿĊĒéÜǰ��ǰÙČĂÿĊÿšöǰĒúąǰ��ǰÙČĂÿĊđĀúČĂÜ
  
- Saturation ÙČĂÙüćöđ×šö×ĂÜÿĊêĆĚÜĒêŠǰ�ǰëċÜǰ����ǰ	�ǰĀöć÷ëċÜĕöŠöĊÿĊǰàċęÜđðŨî

đÞéÿĊđìćøąĀüŠćÜ×ćüéĈǰĒúąǰ���ǰĀöć÷ëċÜöĊÿĊđ×šö×šî
ǰïćÜÙøĆĚÜđøĊ÷ÖüŠćǰĶÙüćöïøĉÿčìíĉĝķǰ 
- Brightness (ĀøČĂǰValue) ÙČĂÙüćöÿüŠćÜ×ĂÜÿĊêĆĚÜĒêŠǰ�ǰëċÜǰ����ǰ	�ǰđðŨîÿĊ

éĈǰĒúąǰ���ǰĂćÝđðŨîÿĊ×ćüĀøČĂÿĊĂĉęöêĆüöćÖĀøČĂîšĂ÷
ǰ 

 
øĎðìĊęǰ2�9ǰøąïïÿĊǰHSB ĀøČĂǰHSV 
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2.2  ÜćîüĉÝĆ÷ìĊęđÖĊę÷ü×šĂÜ 
Jesse R. Vanderveen, Brian Martin Ēúą  Kristopher J. Oomsǰ 	����
ǰ îĈđÿîĂÖćø

ĂĂÖĒïïĒúąÖćøĔßšÜćîÿđðÖēêøöĉđêĂøŤĒïïǰ Littrow àċ ęÜøćÙćĕöŠĒóÜǰĒúąöĊÙüćöúąđĂĊ÷éÿĎÜǰ

đÙøČ ęĂÜöČĂîĊ ĚÿøšćÜ×ċ ĚîÝćÖüĆÿéčêšîìčîêęĈĒúąđßČ ęĂöêŠĂÖĆïēðøĒÖøöǰ RSpecǰÿĈĀøĆïÖćøüĉđÙøćąĀŤ

ÿđðÖêøĆöêćöđüúćÝøĉÜǰìĈĔĀšöĊðøąē÷ßîŤÿĈĀøĆïÖćøòřÖĀĆéĔîĀšĂÜđøĊ÷îĒúąĀšĂÜðäĉïĆêĉÖćøǰÖćøĔßš

đÖøêêĉĚÜđúĊĚ÷üđïî×îćéǰ�,���ǰđÿšî�öö�ǰìĈĔĀšÿđðÖēêøöĉđêĂøŤöĊÙüćöúąđĂĊ÷éǰ	R = /O O' ) �,���ǰ
	����ǰîćēîđöêø
ǰìĊęǰ���ǰîćēîđöêøǰìĈĔĀšÿćöćøëéĎøć÷úąđĂĊ÷éÖćøìéúĂÜìćÜÿđðÖēìøÿēÖðŘǰđßŠîǰ

ÖćøüĉđÙøćąĀŤÿđðÖêøĆöĕĂēĂéĊîĕüēïøîĉÖǰĀøČĂǰđÿšîĒïŠÜĀúć÷đÿšîĔîÿđðÖêøĆö×ĂÜĒÿÜĂćìĉê÷ŤǰÖćø

ĂĂÖĒïïìĊęđøĊ÷ïÜŠć÷×ĂÜÿđðÖēêøöĉđêĂøŤǰìĈĔĀšÿćöćøëđðúĊę÷îđÖøêêĉĚÜìĊęöĊ×îćéđÿšî�öö�ǰêŠćÜÖĆîĕéš

ēé÷ÜŠć÷ǰ<��> 
Kyung-Pyo Min, Jaehwan Kim, Kyo D. Song Ēúą Gi-Woo Kim (2019) ðøąéĉþåŤÿđðÖ

ēêøöĉđêĂøŤ×îćéđúĘÖÝćÖĂčðÖøèŤĂĂðêĉÖǰG-FresnelǰĒúąéĈđîĉîÖćøēé÷ĂĆúÖĂøĉíċöÖćøðøąöüúñú

õćóǰēé÷đîšîìĊ ęÖćøĒðúÜðøĉõĎöĉÿ ĊĔîßŠüÜ×ĂÜĒÿÜìĊ ęöĂÜđĀĘîĕéšǰÿđðÖēêøöĉđêĂøŤ đúĘÖìĊęÙč šöÙŠćîĊĚ ǰ

ðøąÖĂïéšü÷ĂčðÖøèŤĂĂðêĉÖǰG-Fresnel ×îćéÖąìĆéøĆéàċęÜÖøąÝć÷ĒÿÜìĊęöĂÜđĀĘîĕéšöćđðŨîõćó

ÿđðÖêøĆöĒúąĒóúêôĂøŤöêĆüðøąöüúñúĒïïĕöēÙøìĊęòŦÜĂ÷ĎŠĔîÖćøðøąöüúñúõćóĂĆúÖĂøĉìċöǰðøĉõĎöĉÿĊǰ

RGB ìĊ ęĔß šÖ ĆîìĆ ęüĕðĔîÿĆââćèõćóÝćÖđàîđàĂøŤõćóĒïïǰComplementaryǰMetalıOxideı
Semiconductor 	CMOS) ÝąëĎÖĒðúÜđðŨîðøĉõĎöĉÿĊǰHSV àċęÜöĊÙüćöđðŨîĕðĕéšìĊęÝąĕéšìĆĚÜ×šĂöĎúÙüćö

÷ćüÙúČęîĒúąÙüćöđ×šö×ĂÜĒÿÜìĊęêćöĂÜđĀĘîÝćÖõćóÿđðÖêøĆöǰ<��> 
Vijay Kumar, Simranjeet Singh, Sukhmanpreet Kaur, Niraj UpadhyayǰĒúą Joginder 

Singhǰ	����
ǰĕéšýċÖþćÖćøüĉđÙøćąĀŤÿćøêÖÙšćÜēé÷ĔßšđìÙîĉÙǰUV- spectrophotometric öĊÖćø
ÿĆÜđÖêóïüŠćÙćøŤēïôĎĒøîëĎÖéĎéàċöēé÷íĆâóČßĂćĀćøǰ	×šćüēóéǰßĊóÝøéĈǰëĆęüúĆîđêćǰÖøĆöǰ×šćüÿćúĊǰĒúą

ëĆęüđĀúČĂÜ
ǰđîČęĂÜÝćÖßŠüÜÖćøÖĎšÙČîĂ÷ĎŠøąĀüŠćÜǰ���ǰëċÜǰ���ǰēé÷ìĊęÙŠćÿĆöðøąÿĉìíĉĝÖćøëéëĂ÷Ă÷ĎŠìĊęǰ

����ǰëċÜǰ����ǰĒúąđöČęĂÙüćöđ×šö×šîÿĎÜÝąöĊßŠüÜêÖÙšćÜìĊęÿĎÜ×ċĚîǰêøÜÖĆî×šćöÖĆîǰđöČęĂÙüćöđ×šö×šîêęĈǰǰǰǰ

	�ǰëċÜǰ���
ǰÝąöĊßŠüÜêÖÙšćÜêęĈǰēé÷öĊÙŠćÿĆöðøąÿĉìíĉĝÖćøëéëĂ÷Ă÷ĎŠìĊęǰ����ǰëċÜǰ����ǰ<��> 
óĆîí Ťì ĉó÷ ŤǰĀ ĉîĀč šöđóĘßøǰĒúąǰü Ćîé Ċǰü ĆçîßĆ÷÷ ĉ ęÜđÝø ĉâǰ	����
ǰý ċÖþćÿćøđÙöĊêÖÙšćÜǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰ

ÖúčŠöÙćøŤïćđöêǰĒúąêøüÝðøąđöĉîÙüćöđÿĊę÷ÜêŠĂÿč×õćóÝćÖÖćøïøĉēõÙđöúĂîâĊęðčśîǰēé÷đÖĘïøüïøüö

đöúĂîâĊęðčśîǰ�ǰêĆüĂ÷ŠćÜǰÝćÖÿüîđóćąðúĎÖđöúĂîǰ�ǰĒĀŠÜǰĔîÝĆÜĀüĆéóĉþèčēúÖǰüĉđÙøćąĀŤÖćøêÖÙšćÜ

×ĂÜÿćøđÙöĊÖĈÝĆéýĆêøĎóČßÖúčŠöÙćøŤïćđöêǰ��ǰßîĉéǰéšü÷đìÙîĉÙǰQuEChERS ĒúąêøüÝüĉđÙøćąĀŤéšü÷

đÙøČęĂÜǰHPLC-QTOF-MS ðøĉöćèÿćøđÙöĊÖĈÝĆéýĆêøĎóČßêÖÙšćÜÿĎÜÿčéìĊęêøüÝóïǰÙČĂǰÿćøǰcarbaryl 
(�����s�����ǰöĉúúĉÖøĆö�ÖĉēúÖøĆö
ǰøĂÜúÜöćǰÙČĂǰÿćøǰaldicarb sulfoxide (�����s�����ǰöĉúúĉÖøĆö�
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ÖĉēúÖøĆö
ǰÿćøđÙöĊÖĈÝĆéýĆêøĎóČßêÖÙšćÜÖúčŠöÙćøŤïćđöêìĊęêøüÝóïĔîêĆüĂ÷ŠćÜđöúĂîâĊęðčśîöĊÙŠćĕöŠđÖĉîÙŠć

öćêøåćîÿĉîÙšćđÖþêø×ĂÜðøąđìýĕì÷ǰđöČęĂóĉÝćøèćëċÜÙüćöđÿĊę÷ÜÝćÖÖćøïøĉēõÙđöúĂîâĊęðč śîĔî

đïČĚĂÜêšîóïüŠćÿćøđÙöĊÖĈÝĆéýĆêøĎìĊęêøüÝóïöĊÙŠćéĆßîĊïŠÜßĊĚĂĆîêøć÷Ă÷ĎŠĔîøąéĆïìĊę÷ĂöøĆïĕéšǰ<��> 
üîĆÿîĆîìŤǰüĆçîÿčüÖčúǰ	����
ǰóĆçîćĒëïÿĊđóČęĂĔßšêøüÝüĆéøąéĆï×ĂÜÖćøðîđðŚŪĂîÝćÖÿćø

êÖÙšćÜēé÷ĔßšßčéìéÿĂïÝĊìĊđðŨîđÙøČęĂÜöČĂĔîÖćøêøüÝǰēé÷ÿĊÝąđðúĊę÷îÝćÖÿĊđĀúČĂÜđðŨîÿĊîĚĈêćúĒéÜ

×ċĚîĂ÷ĎŠÖĆïðøĉöćè×ĂÜÿćøðŜĂÜÖĆîÖĈÝĆéýĆêøĎóČßĔîêĆüĂ÷ŠćÜǰÝćÖÖćøóĆçîćĒëïÿĊÝćÖÖćøêÖÙšćÜ×ĂÜ

ÿćøðŜĂÜÖĆîÖĈÝĆéýĆêøĎóČßĔîÖúčŠöĂĂøŤÖćēîôĂÿđôêĒúąÙćøŤïćđöêǰ�ǰßîĉéǰüĆéÙŠćÿĊĔîøąïïǰRGB 
óïüŠćǰÿćøÙúĂĕóøĉôĂÿ, ÿćøÙćøŤïćøĉú, ÿćøĕéēÙøüĂìǰĒúąÿćøđöēìöĉúǰÿćöćøëÿøšćÜđðŨîĒëïÿĊĔĀšÿĊ

đĀúČĂÜëċÜÿĊîĚĈêćúĒéÜēé÷ĒëïÿĊ×ĂÜÿćøìĆĚÜǰ�ǰßîĉéǰÿćöćøëïŠÜßĊĚÙüćöđ×šö×šî×ĂÜÿćøÙúĂĕóøĉôĂÿìĊęǰ

���ǰıǰ� ppm, ÿćøÙćøŤïćøĉúìĊę ����ǰıǰ��ǰppm, ÿćøĕéēÙøüĂììĊęǰ�����ǰıǰ���ǰppmǰĒúąÿćøđöēì

öĉúìĊęǰ���ǰ���ǰppmǰĔî×èąìĊęÿćøÙćøŤēïàĆúĒôî, ēóøôŗēîôĂÿǰĒúąÿćøöćúćĕìĂĂîĕöŠÿćöćøëÿøšćÜ

ĒëïÿĊĕéšđîČęĂÜÝćÖÙüćöđ×šö×ĂÜÿĊìĊęĕéšĒêÖêŠćÜÖĆîđóĊ÷ÜđúĘÖîšĂ÷ÝċÜĕöŠÿćöćøëĒ÷Öéšü÷êćđðúŠćĕéšǰ<��> 
èõĆìøǰÝĆîóĉøĆÖþŤ,øčšÜêĉâćÖćâÝîŤǰóÜþŤÿčøąǰ(2018) ýċÖþćÿćøÙćøŤēïàĆúĒôîêÖÙšćÜĔîñĆÖÙąîšćǰ

ĒúąÿĈøüÝ ìĆýîÙêĉǰĒúąóùêĉÖøøöÖćøĔßšÿćøđÙöĊÖĈÝĆéýĆêøĎóČß×ĂÜđÖþêøÖøĔîóČĚîìĊęðúĎÖñĆÖêĈïú

ēóî÷ćÜ ĂĈđõĂüĆÜĀĉîǰÝĆÜĀüĆéýøĊÿąđÖþǰøüöìĆĚÜðøąđöĉîÙüćöđÿĊę÷ÜêŠĂÿč×õćóÝćÖÖćøïøĉēõÙñĆÖÙąîšć

×ĂÜÖúčŠöðøąßćßîñĎšđúČĂÖàČĚĂñĆÖÙąîšćÝćÖêúćéǰ ēé÷ìĈÖćøđÖĘïêĆüĂ÷ŠćÜñĆÖÙąîšćĀúĆÜÖćøÞĊéóŠîìĊę

øą÷ąđüúćǰ1, 7 Ēúąǰ10 üĆîǰĒúąđðøĊ÷ïđìĊ÷ïðøĉöćèÖćøêÖÙšćÜ×ĂÜÿćøÙćøŤēïàĆúĒôîĔîñĆÖÙąîšćìĊę

ñŠćîÖćøúšćÜéšü÷îĚĈđðúŠćóïüŠćðøĉöćèÿćøÙćøŤēïàĆúĒôîêÖÙšćÜĔîñĆÖÙąîšćöĊĒîüēîšöúéúÜêćö

øą÷ąđüúćÖćøđÖĘïđÖĊę÷üĀúĆÜÖćøÞĊéóŠîǰñĆÖÙąîšćìĊęĕöŠñŠćîÖćøúšćÜéšü÷îĚĈđðúŠćöĊðøĉöćèÿćøÙćøŤēïàĆú

ĒôîêÖÙšćÜđìŠćÖĆïǰ12.20, 1.74 Ēúąǰ1.59 öĉúúĉÖøĆöêŠĂÖĉēúÖøĆöêćöúĈéĆïĒúąñĆÖÙąîšćìĊęñŠćîÖćøúšćÜ

éšü÷îĚĈđðúŠćǰöĊðøĉöćèÿćøÙćøŤēïàĆúĒôîêÖÙšćÜđìŠćÖĆïǰ2.70, 1.20 Ēúąǰ1.14 öĉúúĉÖøĆöêŠĂÖĉēúÖøĆö
êćöúĈéĆïǰàċęÜìčÖêĆüĂ÷ŠćÜñĆÖÙąîšćóïðøĉöćèÿćøÙćøŤēïàĆúĒôîêÖÙšćÜöĊÙŠćÿĎÜÖüŠćđÖèæŤðøĉöćè

ÿćøóĉþêÖÙšćÜÿĎÜÿčéìĊę÷ĂöøĆïĕéšǰĒúąÖćøúšćÜñĆÖÙąîšćéšü÷îĚĈđðúŠćöĊðøąÿĉìíĉõćóĔîÖćøúéðøĉöćè

ÖćøêÖÙšćÜ×ĂÜÿćøÙćøŤēïàĆúĒôîǰÙĉéđðŨîøšĂ÷úąǰ28.30 ı 77.87 [28]
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ïììĊę 3 
üĉíĊÖćøéĈđîĉîÖćø 

3.1  ĂčðÖøèŤÖćøìéúĂÜĒúąÿćøđÙöĊ 
1. đÙøČęĂÜ÷ĎüĊ�üĉÿĉđïĉúǰÿđðÖēêøēôēêöĉđêĂøŤ 
2. đÙøČęĂÜüĉÿĉđïĉúǰÿđðÖēêøēôēêöĉđêĂøŤǰ 
3. đÙøČęĂÜĀöčîđĀüĊę÷Ü 
4. đÙøČęĂÜđ×÷Šćÿćø 
5. đÙøČęĂÜßĆęÜÿćø 
6. ÙĉüđüìóúćÿêĉÖ 
7. ÙĉüđüìÙüĂêàŤ 
8. ĀúĂéÿĈĀøĆïĀöčîđĀüĊę÷Ü 
9. ×üéøĎðßöóĎŠ 
10. ðŗđðêǰ(10 ml) 
11. ĕöēÙøðŗđðê (100 ƙl - 1000 ƙl) 
12. ïĉÖđÖĂøŤ 
13. ĀúĂéĀ÷é 
14. ×üéüĆéðøĉöćêøǰ(250 ml, 50 ml) 
15. Öøü÷ÖøĂÜĒÖšü 
16. ĒìŠÜĒÖšüÙîÿćø 
17. ÿöćøŤìēôî (Samsung øčŠîǰA50) 
18. îĚĈǰDI 
19. ÙćøŤēïàĆúĒôî (Carbosulfan,ǰC20H32N2O3S) ��ǰ�w/v 
20. éŠćÜìĆïìĉöǰ(Potassium Permanganate, KMnO4) 
21. ĂąàĉēêĕîĕêøúŤǰ(Acetonitrile, CH3CN) 
22. ÖøéĂąàĉêĉÖǰ	Acetic Acid, CH3COOH
 
23. ĒöÖîĊđàĊ÷öàĆúđôêǰĒĂîĕăéøĆÿǰ	Magnesium sulfate anhydrous,ǰMgSO�
 
24. ēàđéĊ÷öÙúĂĕøéŤǰ	Sodium chloride,ǰNaCl
 
25. ñĆÖÙąîšćǰ(Thai kale) 
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3.2  ĂčðÖøèŤÖćøðøąéĉþåŤ 
1. ÖúŠĂÜēôö 
2. ĒñŠîēôöĀîćǰ�ǰmm 
3. ĀúĂéĕôôúĎĂĂđøÿđàîêŤǰ�ǰüĆêêŤǰ(T5 4W) 
4. ĀúĂéĕôĂĆúêøšćĕüēĂđúêǰ�ǰüĆêêŤǰ	T�ǰ�W) 
5. ÿúĉêđéĊę÷ü 
6. ĒñŠîôŗüđÝĂøŤïĂøŤéÿĊéĈ 
7. đìðÖćüÿĊéĈ 
8. đìðóĆîÿć÷ĕô 
9. ĒñŠîđÖøêêĉĚÜ 
10. ĒñŠîēôö÷ćÜǰEVA 

3.3  ÖćøĂĂÖĒïïĂčðÖøèŤÿĈĀøĆïÖćøëŠć÷õćóÿđðÖêøĆö 
ÖćøĂĂÖĒïïĂčðÖøèŤÿĈĀøĆïÖćøëŠć÷õćóÿđðÖêøĆöĔßšĀúĆÖÖćøđéĊ÷üÖĆïđÙøČęĂÜÿđðÖēêøēôēê

öĉđêĂøŤǰđðŨîđÙøČęĂÜöČĂìĊęĔßšĔîÖćøêøüÝüĆéðøĉöćè×ĂÜĒÿÜĒúąÙŠćǰ intensity ĀøČĂÙüćöđ×šöĒÿÜĔîßŠüÜ

øĆÜÿĊ÷ĎüĊÝîëċÜßŠüÜĒÿÜ×ćüìĊęđÖĉéÝćÖìĆĚÜÖćøìąúčñŠćîǰÖćøÿŠĂÜñŠćîǰĒúąÖćøÿąìšĂî×ĂÜüĆÿéčêĆüĂ÷ŠćÜ ìĊę

ëĎÖüćÜĕüšĔîêĆüđÙøČęĂÜöČĂǰēé÷ìĊęĒêŠúąÙüćö÷ćüÙúČęîêúĂéßŠüÜÖćøüĆéÝąöĊÙüćöÿĆöóĆîíŤÖĆïìĆĚÜĔîđßĉÜ

ðøĉöćèǰĒúąßîĉé×ĂÜÿćøìĊęĂ÷ĎŠĔîêĆüĂ÷ŠćÜìĊęÿćöćøëéĎéÖúČîĒÿÜĔîßŠüÜÙüćö÷ćüÙúČęîđĀúŠćîĊĚ ǰēé÷Öćø

đðøĊ÷ïđìĊ÷ïÖĆï ÿćøúąúć÷öćêøåćîǰ	standard solution) ìĊęìøćïÙŠćĒúąĒÿéÜñúđðŨîÖøćô

öćêøåćîøąĀüŠćÜÙŠćÖćøéĎéÖúČîĒÿÜĒúąßŠüÜÙüćö÷ćüÙúČęîìĊęéĎéÖúČîĒÿÜǰéĆÜîĆĚîÝċÜöĊÖćøĂĂÖĒïï

ĂčðÖøèŤĔĀšöĊÙüćöÙúšć÷ÖĆïđÙøČęĂÜêšîĒïïÿđðÖēêēôēêöĉđêĂøŤéĆÜîĊĚ 

 
øĎðìĊęǰ3�1 ÖćøĂĂÖĒïïÿđðÖēêøēôēêöĉđêĂøŤĒïïóÖóćêĆüêšîĒïï 

(a) ÿŠüîĂčðÖøèŤǰ	b
ǰÿŠüîÖúŠĂÜÙüïÙčöĒÿÜøïÖüî 
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3.4  ÖćøĂĂÖĒïïĂčðÖøèŤĒúąÖćøðøąéĉþåŤ 
       3.4.1  ĂĂÖĒïïĂčðÖøèŤêĆüêšîĒïïéĆÜøĎðìĊęǰ��� 	a
ǰêĆéĒñŠîôŗüđÝĂøŤïĂøŤéÿĊéĈĒïŠÜđðŨîǰ�ǰÿŠüîǰ

×îćéÖüšćÜǰ���ǰđàîêĉđöêøǰ÷ćüǰ��� đàîêĉđöêøĒúąǰ��� đàîêĉđöêøǰðøąÖĂïßĉĚîÿŠüîìĆĚÜĀöéđ×šć

éšü÷ÖĆîđðŨîìøÜÿĊđĀúĊę÷ö 
       3.4.2  đÝćąøĎÿĈĀøĆïĔÿŠÿćøêĆüĂ÷ŠćÜìĊęöĊßŠĂÜ×îćéÖüšćÜĒúą÷ćüđìŠćÖĆîǰ�ǰđàîêĉđöêøǰïîßĉĚîÿŠüî

ìĊę÷ćüǰ��� đàîêĉđöêøǰēé÷üĆéÝćÖ×Ăïðúć÷ìøÜÿĊęđĀúĊę÷öéšćîĔééšćîĀîċęÜ 
       3.4.3  êĆéĒñŠîôŗüđÝĂøŤïĂøŤéÿĊéĈ×îćéÖüšćÜĒúą÷ćüđìŠćÖĆïǰ���ǰđàîêĉđöêøǰÿĈĀøĆïĒîï

ĒñŠîÿúĉêđéĊę÷üøąĀüŠćÜøĂ÷êŠĂ×ĂÜßĉĚîÿŠüîÝćÖ×šĂǰ�����ǰĒúąǰ�����ǰóøšĂöìĆĚÜđÝćąøĎđóČęĂđüšîßŠĂÜøą÷ą

×ĂÜÿúĉê×îćéÙüćöÖüšćÜǰ�ǰöĉúúĉđöêøǰ÷ćüǰ���ǰđàîêĉđöêøǰĒúąðøąÖĂïßĉĚîÿŠüîđ×šćéšü÷ÖĆîìĆĚÜĀöé 
       3.4.4  êĆüĂčðÖøèŤðŜĂÜÖĆîÖćøøïÖüîÝćÖĒÿÜĔßšÖúŠĂÜēôöÿĈđøĘÝøĎð×îćéÙüćöÖüšćÜǰÙüćö÷ćüǰ

ÙüćöÿĎÜđìŠćÖĆïǰ��x����x��ǰđàîêĉđöêøǰđÝćąøĎ×îćéÙüćöÖüšćÜĒúą÷ćüđìŠćÖĆïǰ��� ìĊęéšćîÙüćöÿĎÜ

×ĂÜÖúŠĂÜǰ�ǰéšćîđóČęĂêĉéđñŠîđÖøêêĉĚÜǰéĆÜøĎðǰ���ǰ	b
 
       3.4.5  éšćîĔîĒúąòć×ĂÜÖúŠĂÜêĉéĒñŠîēôö÷ćÜǰEVA đóČęĂðŜĂÜÖĆîĒÿÜøïÖüî 
       3.4.6  éšćîêøÜ×šćö×ĂÜéšćîìĊęđÝćąøĎêĉéêĆĚÜĒĀúŠÜÖĈđîĉéĒÿÜìĊęêĈĒĀîŠÜÖċęÜÖúćÜ×ĂÜéšćîÙüćöÿĎÜ 
       3.4.7  îĈÿŠüîðøąÖĂïìĆ ĚÜĀöéðøąÖĂïđ×šćéšü÷ÖĆîõć÷ĔîÖúŠĂÜǰìĊ ęìĈĀîšćìĊ ęđĀöČĂîÖĆï

ÿŠüîðøąÖĂï×ĂÜđÙøČęĂÜÿđðÖēêøēôēêöĉđêĂøŤÝøĉÜǰ 
       3.4.8  ìéúĂÜēé÷ÖćøĔßšēìøýĆóìŤöČĂëČĂüćÜĔîĒîüîĂîĔĀšÖúšĂÜĒîïÖĆïßŠĂÜëŠć÷õćó×ĂÜ

ÙüïÙčöĒÿÜǰÝćÖîĆĚîëŠć÷õćóÿđðÖêøĆö×ĂÜĒÿÜ 
       3.4.9  đöČęĂĕéšêĈĒĀîŠÜìĊęĒîŠîĂîÿĈĀøĆïÖćøüćÜÖúšĂÜÿöćøŤìēôîĒúšüǰÝĆéìĈåćîìĊęüćÜđóČęĂĕöŠĔĀš 
Smartphone đÖĉéÖćø×÷ĆïêĈĒĀîŠÜøąĀüŠćÜÖćøìéúĂÜ 

 

(C)                                     (d) 

 

øĎðìĊęǰ3�2ǰÝĈúĂÜÖćøĂĂÖĒïïÿđðÖēêøēôēêöĉđêĂøŤĒïïóÖóćêĆüêšîĒïïǰ�ǰöĉêĉ 
	c) ÿŠüîĂčðÖøèŤǰ	d) ÿŠüîÖúŠĂÜÙüïÙčöĒÿÜøïÖüî 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหาและต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้



19 
 

 
 

 

 

 
 

 

 

 

 

 

øĎðìĊęǰ3�3ǰĂčðÖøèŤđÖĘïõćóÿđðÖêøĆöìĊęðøąéĉþåŤ×ċĚî 
	a) ĂčðÖøèŤøĆïĒÿÜǰ	b) ÖúŠĂÜÙüïÙčöĒÿÜøïÖüîĒúąĒĀúŠÜÖĈđîĉéĒÿÜ 

	c) êĉéêĆĚÜĂčðÖøèŤÿĈĀøĆïÖćøĔßšÜćîǰ	d) êĉéêĆĚÜĂčðÖøèŤĒúąêĈĒĀîŠÜÖćøëŠć÷õćóǰ 

3.5  ĀúĆÖÖćøìĈÜćî 
ĀúĆÖÖćøìĈÜćî×ĂÜđÙøČęĂÜÿđðÖêøĆöÙČĂǰÖćøĔßšĒĀúŠÜÖĈđîĉéĒÿÜÝćÖĀúĂéĕôôúĎĂĂđøÿđàîìŤǰ

ĀøČĂĀúĂéĂĆúêøšćĕüēĂđúêÞć÷ĒÿÜĔîßŠüÜÙüćö÷ćüÙúČęîǰvisible đöČęĂĒÿÜÿŠĂÜñŠćîĕð÷ĆÜÿćøêĆüĂ÷ŠćÜìĊę

ïøøÝčĔîǰcuvette đÖĉéÖćøđúĊĚ÷üđïîìĈĔĀšđÖĉéĒëïöČéĒëïÿüŠćÜ×ĂÜĒÿÜìĊęøĉĚüǰn=0 àċęÜđðŨîêĈĒĀîŠÜìĊęöĊ

Ùüćöđ×šöĒÿÜöćÖìĊęÿčéǰÝćÖîĆĚîđéĉîĒÿÜñŠćîĕð÷ĆÜĒñŠîđÖøêêĉĚÜìĊęìĈĀîšćìĊęđÖøêĒÿÜĂĂÖđðŨîÿđðÖêøĆöìĊę

Ùüćö÷ćüÙúČęîêŠćÜėǰÝćÖîĆĚîĔßšÖúšĂÜÿöćøŤìēôîđóČęĂøĆïõćóÿđðÖêøĆöìĊęđÖĉé×ċĚîĒúąîĈĕðüĉđÙøćąĀŤ

Ùüćö÷ćüÙúČęîĔîĒêŠúąßŠüÜêŠĂĕð 

3.6  ĒĂóóúĉđÙßĆîìĊęĔßšĔîÖćøđÖĘïõćóÿđðÖêøĆö 
đîČęĂÜÝćÖĒĂóóúĉđÙßĆîÖúšĂÜìĊęêĉéöćÖĆïêĆüđÙøČęĂÜÿöćøŤìēôîǰĕöŠÿćöćøëðøĆïÙŠćǰ ISO, Focus, 

White BalanceǰĒúą Speed Shutter ĕéšǰÝċÜđúČĂÖĔßšĒĂóóúĉđÙßĆîđÿøĉööćßŠü÷ĔîÖćøđÖĘïõćó

ÿđðÖêøĆöǰēé÷ĒĂóóúĉđÙßĆîìĊęđúČĂÖĔßšÙČĂ HD Cameraǰ����ǰđðŨîĒĂóóúĉđÙßĆîìĊęÿćöćøëðøĆïÙŠć

êŠćÜė×šćÜêšîĔĀšÙÜìĊęêúĂéÖćøìéúĂÜĕéšǰĂĊÖìĆĚÜ÷ĆÜöĊĂĊÖĀúć÷ÙčèÿöïĆêĉìĊęÿćöćøëîĈöćðøĆïĔßšÖĆïÖćø

ëŠć÷õćóÿđðÖêøĆöĕéš 
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3.7  ÖćøüĉđÙøćąĀŤõćóÿđðÖêøĆö×ĂÜĒÿÜéšü÷ēðøĒÖøöǰMATLAB 
îĈõćóìĊęĕéšÝćÖÖćøìéúĂÜëŠć÷õćóÿđðÖêøĆö×ĂÜĒÿÜĕðüĉđÙøćąĀŤéšü÷ĒÖøö MATLABǰēé÷

đúČĂÖĔßšôŦÜÖŤßĆîǰImageǰProcessing ÿĈĀøĆïÖćøüĉđÙøćąĀŤõćóéĉÝĉìĆúǰđ×Ċ÷îôŦÜÖŤßĆîÖćøĔßšÜćîēé÷Öćø

îĈđ×šćøĎðõćóĔĀšēðøĒÖøöĂŠćîÙŠćÿĊêćöøąïïÿĊǰRGB ÝćÖîĆĚîĒðúÜÙŠćÿĊđðŨîøąïïÿĊǰHSV ĒúąîĈÙŠćǰV 
ìĊęĕéšöćÙĈîüèÙŠćÖćøéĎéÖúČîĒÿÜđóČęĂüĉđÙøćąĀŤÙüćöÿĆöóĆîíŤøąĀüŠćÜÙŠćÖćøéĎéÖúČîĒÿÜÖĆïÙüćö

đ×šö×šî×ĂÜÿćø 
       3.7.1  ×ĆĚîêĂîÖćøüĉđÙøćąĀŤõćóéšü÷ēðøĒÖøöǰMATLAB 
                 3.7.1.1  îĈĕôúŤõćóëŠć÷ÿđðÖêøĆö×ĂÜǰBlank solution đ×šćēðøĒÖøöǰMATLAB Ĕßš
ôŦÜÖŤßĆîǰcrop ÖĈĀîé×îćéøĎðõćóĔĀšÙÜìĊęđóČęĂîĈĕðđ×Ċ÷îôŦÜÖŤßĆîðøąöüúñúøĎðõćó 
                 3.7.1.2  îĈđ×šćĕôúŤø Ďðõćó Blank solution ìĊ ęêšĂÜÖćøüĉđÙøćąĀŤúÜĔîēðøĒÖøöǰ

MATLAB ìĊęĕéšđ×Ċ÷îôŦÜÖŤßĆîÖćøðøąöüúñúøĎðõćóĒúšü 
                 3.7.1.3  øĎðõćóñŠćîôŦÜÖŤßĆîúéÙŠćǰnoise 
                 3.7.1.4  øĎðõćóñŠćîôŦÜÖŤßĆîÖĈĀîé×îćéøĎðõćóìĊęĕéšÝćÖ×šĂìĊęǰ�������ǰ 
                 3.7.1.5  øĎðõćóìĊęúéÙŠćǰnoise ĒúąÖĈĀîé×îćéøĎðõćóĒúšüǰÝąñŠćîôŦÜÖŤßĆîǰflip 
đóČęĂđðúĊę÷îòŦũÜ×ĂÜõćóêćöđđîüđđÖîǰx ēé÷ĔĀšÿđðÖêøĆö×ĂÜÿĊîĚĈđÜĉîĂ÷ĎŠòŦũÜàšć÷×ĂÜõćó 
                 3.7.1.6  øĎðõćóÝćÖ×šĂǰ3.7.1.5 ëĎÖĂŠćîÙŠćÿĊêćöøąïïÿĊǰRGB ĒúąÖĈĀîéǰpixel 
×ĂÜÿĊĒéÜǰÿĊđ×Ċ÷üĒúąÿĊîĚĈđÜĉî 
                 3.7.1.7  ×šĂöĎúÙŠćÿĊêćöøąïïÿĊǰRGBǰëĎÖĒðúÜđðŨîÙŠćÿĊêćöøąïïÿĊǰHSV éšü÷ôŦÜÖŤßĆî

ÿĈđøĘÝøĎðÝćÖ ImageǰProcessingǰTools 
                 3.7.1.8  ĒðúÜÙŠćǰpixel đðŨîÙŠćÙüćö÷ćüÙúČęîǰēé÷ëšćĔßšĒĀúŠÜÖĈđîĉéĒÿÜđðŨîĀúĂéĕôǰ

ôúĎĂĂđøÿđàîêŤ (đé÷ŤĕúìŤ) ÝąÖĈĀîéÙŠćÙüćö÷ćüÙúČęîìĊęĒëïÿĊîĚĈđÜĉîĒúąÿĊĒéÜǰĒúąëšćĔßšĒĀúŠÜÖĈđîĉé

ĒÿÜđðŨîĀúĂéĕôĂĆúêøšćĕüēĂđúêÝąÖĈĀîéÙŠćÙüćö÷ćüÙúČęîìĊęĒëïÿĊîĚĈđÜĉîĒúąÿĊđ×Ċ÷üǰ 
êćøćÜìĊęǰ3�1 ÖćøÖĈĀîéÙŠćÙüćö÷ćüÙúČęî×ĂÜĒëïÿĊîĚĈđÜĉîǰđ×Ċ÷üĒúąĒéÜǰ<��> 
ĒëïÿĊ îĚĈđÜĉî đ×Ċ÷ü ĒéÜ 
Wavelengthǰ	nm
 ����� ����� ����� 
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                 3.7.1.9  ðøĆïÙŠćÙüćö÷ćüÙúČ ęîĔĀšđðŨîÝĈîüîđêĘöĒúąĀćÙŠćǰV ĔĀöŠéšü÷ÖćøìĈ

interpolation 
                 3.7.1.10  ðøąöüúñúõćóëŠć÷ÿđðÖêøĆö×ĂÜÿćøúąúć÷öćêøåćîéšü÷üĉíĊđéĊ÷üÖĆïǰ

ÿćøúąúć÷ìĊęĕöŠöĊêĆüĂ÷ŠćÜìĊęêšĂÜÖćøüĆéêćöúĈéĆï×šĂǰ�������ǰëċÜǰ������� 
                 3.7.1.11  îĈÙŠćÙüćö÷ćüÙúČ ęîìĊ ęđðŨîÝĈîüîđêĘö×ĂÜÿćøúąúć÷ìĊęĕöŠöĊêĆüĂ÷ŠćÜìĊę

êšĂÜÖćøüĆéĒúąÿćøúąúć÷öćêøåćîöćđúČĂÖßŠüÜìĊęàĚĈÖĆîǰđóČęĂîĈÙŠćǰV ìĊęÙüćö÷ćüÙúČęîîĆĚîėöćĀćÙŠć

ÖćøéĎéÖúČîĒÿÜǰ	Absorbance
ǰĒúšüÝĆéìĈÖøćôöćêøåćîǰ	Calibration curve
ǰìĊęÙüćö÷ćüÙúČęî

ĀîċęÜ×ĂÜÿćøúąúć÷ǰéšü÷ēðøĒÖøöǰMicrosoft Excel êŠĂĕðǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰ 

3.8  ÖćøêøüÝÿĂïðŦÝÝĆ÷ìĊęöĊñúêŠĂÖćøđÖĘïõćóÿđðÖêøĆö 
       3.8.1  ĂčèĀõĎöĉĀúĂéĕôôúĎĂĂđøÿđàîêŤ 

ëŠć÷õćóÿđðÖêøĆöēé÷đðúĊ ę÷îĀúĂéĕôôúĎĂĂđøÿđàîêŤìĊ ęöĊĂčèĀõĎöĉêŠćÜÖĆîìĆ ĚÜĀöéǰǰǰǰǰǰǰǰ

�ǰßîĉéǰĕéšĒÖŠĀúĂéđé÷ŤĕúìŤǰ(6500 K)ǰÙĎúĕüìŤǰ(4500 K)ǰĒúąüĂøŤöĕüìŤǰ	3���ǰK) ĒúšüîĈõćóëŠć÷

ÿđðÖêøĆöìĊęĕéšöćđ×šćēðøĒÖøöðøąöüúñúđóČęĂĀćÙŠćǰV ÿĎÜÿčéǰÝćÖîĆĚîđðøĊ÷ïđìĊ÷ïÙüćöÙÜìĊę×ĂÜÖøćô

ÙŠćđÞúĊę÷ǰV ÿĎÜÿčé×ĂÜĀúĂéĕôìĆĚÜǰ�ǰĀúĂéǰĒúšüđúČĂÖĀúĂéĕôìĊęÖøćôÙŠćđÞúĊę÷ǰV ÿĎÜÿčéöĊÙüćöÙÜìĊęöćÖ

ìĊęÿčé 
       3.8.2  đüúćĔîÖćøüĂøŤöĕôĒúąøą÷ąđüúćĔîÖćøđÖĘïõćóÿđðÖêøĆö 

ëŠć÷õćóÿđðÖêøĆöêĆĚÜĒêŠđøĉęöđÿĊ÷ïðúĆěÖ×ĂÜĀúĂéĕôǰ	îćìĊìĊęǰ�
ǰēé÷ëŠć÷ÙøĆĚÜúąǰ��ǰøĎðǰ

ìčÖėǰ�ǰîćìĊđðŨîđüúćǰ��ǰîćìĊǰîĈõćóëŠć÷ÿđðÖêøĆöìĊęĕéšöćđ×šćēðøĒÖøöðøąöüúñúđóČęĂĀćÙŠćǰV 
ÿĎÜÿčéǰÝćÖîĆĚîÙĈîüèÙŠćđÞúĊę÷×ĂÜÙŠćǰV ÿĎÜÿčé×ĂÜìčÖîćìĊǰĒúšüîĈöćÿøšćÜÖøćôøąĀüŠćÜÙŠćđÞúĊę÷×ĂÜ

ÙŠćǰV ÿĎÜÿčéÖĆïđüúćǰđóČęĂđúČĂÖßŠüÜđüúćìĊęÙŠćđÞúĊę÷ǰV ÙÜìĊęöćÖĈĀîéđðŨîđüúćĔîÖćøđÖĘïõćóÿđðÖêøĆö 
       3.8.3  êĈĒĀîŠÜÖćøüćÜǰSmartphone 

îĈ×šĂöĎúǰpixelǰÿĊîĚĈđÜĉîǰÿĊđ×Ċ÷üǰĒúąÿĊĒéÜ×ĂÜøĎðõćóìĊęëŠć÷ĕüšĔî×šĂìĊ ęǰ�����ǰöć

óĉÝćøèćüŠćǰPixel öĊÙŠćĔÖúšđÙĊ÷ÜÖĆîĀøČĂĕöŠǰ(ÖĈĀîéĔĀšÙŠćđïĊę÷ÜđïîöćêøåćîöĊÙŠćĕöŠđÖĉîǰ��%)ǰēé÷
ĀúĂéĕôôúĎĂĂđøÿđàîêŤÝąóĉÝćøèćìĆĚÜǰ�ǰÿĊǰĒêŠĀúĂé÷ĎüĊÝąóĉÝćøèćđóĊ÷ÜÿĊîĚĈđÜĉîǰĒúąÿĊđ×Ċ÷ü  

3.9  ÖćøđêøĊ÷öÿćøúąúć÷ĔîÖćøüĉđÙøćąĀŤðøĉöćèÿćøéšü÷øąïïÿĊǰRGB ĒúąǰHSVǰïî
ēðøĒÖøöǰMATLAB 

ÖćøđêøĊ÷öÿćøúąúć÷ìĊęÙüćöđ×šö×šîêŠćÜėéĆÜêćøćÜìĊęǰ���ǰĒúąǰ���ǰēé÷êćøćÜìĊęǰ���ǰÖĈĀîé

ÝćÖÙŠćðøĉöćèÿćøóĉþêÖÙšćÜöćÖìĊęÿčéǰ	Maximum Residual limit for pesticide : MRL
ǰ×ĂÜÿćø
ÖĈÝĆéýĆêøĎóČßǰ 
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êćøćÜìĊęǰ3�2ǰÙüćöđ×šö×šîÿćøúąúć÷éŠćÜìĆïìĉöìĊęëĎÖđÝČĂÝćÜéšü÷îĚĈǰDI 

ÿćøúąúć÷ Ùüćöđ×šö×šî×ĂÜÿćøúąúć÷ (ppm
 
KMnO4 5 10 15 20 

êćøćÜìĊęǰ��� Ùüćöđ×šö×šîÿćøúąúć÷ÙćøŤēïàĆúĒôîìĊęëĎÖđÝČĂÝćÜéšü÷ÿćøúąúć÷ǰ�% ÖøéĂąàĉêĉÖ
ĔîĂąàĉēêĕîĕêøúŤ 

êćøćÜìĊęǰ3�4ǰÙüćöđ×šö×šîÿćøúąúć÷êĆüĂ÷ŠćÜ 

 

                 3.9.1.1  îĈêĆüĂ÷ŠćÜÿćøúąúć÷ìĊęđêøĊ÷öĕüšĔîĒêŠúąÙüćöđ×šö×šîïøøÝčĔÿŠÙĉüđüì 
                 3.9.1.2  îĈÙĉüđüìĔßšøŠüöÖĆïĂčðÖøèŤđÙøČęĂÜÿđðÖēêøēôēêöĉđêĂøŤìĊęĕéšÝĆéìĈ×ċĚîđóČęĂđÖĘï

õćóÿđðÖêøĆö×ĂÜĒÿÜìĊęĕéšÝćÖÿćøêĆüĂ÷ŠćÜ 
                 3.9.1.3  đöČęĂđÖĘïõćóĒúšüîĈõćóìĊęĕéšĕðüĉđÙøćąĀŤéšü÷ēðøĒÖøöǰMATLAB 
                 3.9.1.4  îĈñúìĊęĕéšÝćÖēðøĒÖøöǰMATLAB ĕðìĈǰcalibration curve øąĀüŠćÜÙŠć

Ùüćöđ×šö×šîÖĆïÙŠćÖćøéĎéÖúČîĒÿÜ×ĂÜÿćøìĊęÙüćö÷ćüÙúČęîìĊęÖĈĀîé 

3.10  ÖćøÿÖĆéÿćøÙćøŤēïàĆúĒôîÝćÖêĆüĂ÷ŠćÜñĆÖÙąîšć 
       3.10.1  ×ĆĚîêĂîÖćøđêøĊ÷öêĆüĂ÷ŠćÜ 
                 3.10.1.1  àČĚĂêĆüĂ÷ŠćÜñĆÖÙąîšćÝćÖêúćéǰĒïŠÜêĆüĂ÷ŠćÜđðŨîǰ2 ÿŠüîđìŠćėÖĆîǰēé÷ÿŠüî

ĒøÖđðŨîñĆÖÙąîšćìĊęĕöŠñŠćîÖćøĒßŠÿćøúąúć÷ÙćøŤēïàĆúĒôîǰĒúąÿŠüîìĊęñŠćîÖćøĒßŠÿćøúąúć÷ÙćøŤ

ēïàĆúĒôî 
                 3.10.1.2  îĈêĆüĂ÷ŠćÜñĆÖÙąîšćìĆĚÜĀöéúšćÜéšü÷îĚĈđðúŠćǰĒúąĒïŠÜÿŠüîìĊęîĈĕðĒßŠÙćøŤ

ēïàĆúĒôîǰ�ǰßĆęüēöÜǰÝćÖîĆĚîîĈĕðêćÖĔĀšĒĀšÜìĉĚÜĕüšìĊęĂčèõĎöĉĀšĂÜǰ�ǰßĆęüēöÜ 
                 3.10.1.3  ìĈÖćøĀĆęîêĆüĂ÷ŠćÜñĆÖÙąîšćĔĀšđðŨîßĉĚîđúĘÖėǰĒúąîĈđðŨîêĊðśîđÙøČęĂÜéšü÷ðŦũî 
 

ÿćøúąúć÷ Ùüćöđ×šö×šî×ĂÜÿćøúąúć÷ǰ(ppm
 

C20H32N2O3S 1 3 5 7 

ÿćøúąúć÷ Ùüćöđ×šö×šî×ĂÜÿćøúąúć÷ǰ(ppm
 

KMnO4 � 
C20H32N2O3S 2 
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                 3.10.1.4  îĈêĆüĂ÷ŠćÜñĆÖÙąîšćìĊęĕöŠñŠćîÖćøĒßŠÿćøúąúć÷ÙćøŤēïàĆúĒôîǰĒúąÿŠüîìĊę

ñŠćîÖćøĒßŠÿćøúąúć÷ÙćøŤēïàĆúĒôîĕðÿÖĆéđóČęĂüĉđÙøćąĀŤĀćÿćøêÖÙšćÜêŠĂĕð 
       3.10.2  ×ĆĚîêĂîÖćøÿÖĆé 

ĔîÖćøýċÖþćîĊ ĚìĈÖćøđêøĊ÷öêĆüĂ÷ŠćÜǰèǰĀšĂÜðäĉïĆêĉÖćøǰĂćÙćøðäĉïĆêĉÖćøǰÙèą

üĉýüÖøøöýćÿêøŤǰÿëćïĆîđìÙēîēú÷ĊóøąÝĂöđÖúšćÙčèìĀćøúćéÖøąïĆÜǰēé÷ÖćøÿÖĆéÿćøÝćÖêĆüĂ÷ŠćÜ

ñĆÖÙąîšćđóČęĂìĈÖćøüĉđÙøćąĀŤĀćðøĉöćèÿćøÙćøŤēïàĆúĒôîǰēé÷öĊ×ĆĚîêĂîéĆÜîĊĚ 
                 3.10.2.1  ßĆęÜêĆüĂ÷ŠćÜǰ���ǰÖøĆöĔÿŠĀúĂéÿĈĀøĆïðŦũîđĀüĊę÷Ü×îćéǰ��ǰöĉúúĉúĉêø 
                 3.10.2.2  đêĉöÿćøúąúć÷ǰ1% ÖøéĂąàĉêĉÖĔîĂąàĉēêĕîĕêøúŤǰðøĉöćêøǰ5.5ǰöĉúúĉúĉêøǰ
ðŗéòćĒúšüđ×÷Šćéšü÷öČĂĒúąđÙøČęĂÜđ×÷ŠćÿćøĂ÷ŠćÜúąǰ1ǰîćìĊǰ 
                 3.10.2.3  đêĉöēàđéĊ÷öÙúĂĕøéŤ 0.3ǰÖøĆöǰĒúąĒöÖîĊđàĊ÷öàĆúđôêĒĂîĕăéøĆÿǰ���ǰÖøĆöǰ

đ×÷Šćéšü÷öČĂĒúąđÙøČęĂÜđ×÷Šćÿćøðøąöćèǰ2ǰîćìĊǰ 
                 3.10.2.4  îĈĕððŦũîđĀüĊę÷ÜđóČęĂĒ÷ÖßĆĚîìĊęÙüćöđøĘüǰ4,000ǰøĂïêŠĂîćìĊǰîćîǰ5ǰîćìĊ 
éšü÷đÙøČęĂÜðŦũîđĀüĊę÷Üǰ 
                 3.10.2.5  îĈđĂćÿćøúąúć÷ÿŠüîìĊęĔÿéšćîïîÝćÖĀúĂéÿĈĀøĆïĀöčîđĀüĊę÷Üǰðøĉöćêøǰǰǰ

1 öĉúúĉúĉêøǰĔÿŠúÜĔî×üéüĆéðøĉöćêøǰðøĆïðøĉöćêøéšü÷ÿćøúąúć÷ǰ1% ÖøéĂąàĉêĉÖĔîĂąàĉēêĕîĕêøúŤ

ĔĀšĕéšÿćøúąúć÷ǰ10 öĉúúĉúĉêø 
                 3.10.2.6  đêøĊ÷öÿćøìĊęÿÖĆéđÿøĘÝĒúšüîĈĕðüĉđÙøćąĀŤĀćÿćøêÖÙšćÜéšü÷đÙøČęĂÜÿđðÖēêø

ēôēêöĉđêĂøŤĒïïóÖóćìĊęðøąéĉþåŤ×ċĚî 
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ïììĊę 4 
ñúÖćøìéúĂÜĒúąüĉđÙøćąĀŤñúÖćøìéúĂÜ 

4.1  øąïïëŠć÷õćóÿđðÖêøĆö 
ìćÜÙèąñĎšÝĆéìĈĕéšðøąéĉþåŤĂčðÖøèŤëŠć÷õćóÿđðÖêøĆöêćöĀúĆÖÖćø×ĂÜđÙøČęĂÜÿđðÖēêøēôēê

öĉđêĂøŤēé÷öĊÿŠüîðøąÖĂïĕéšĒÖŠǰÖúŠĂÜÙüïÙčöÙüïÙčöĒÿÜǰĒĀúŠÜÖĈđîĉéĒÿÜǰßŠĂÜĔÿŠÿćøêĆüĂ÷ŠćÜǰ

ßŠĂÜÿúĉêđéĊę÷üǰđÖøêêĉÜǰßŠĂÜĔÿŠĂčðÖøèŤëŠć÷õćóǰàċęÜĂčðÖøèŤéĆÜÖúŠćÜÿćöćøëĔÿŠĂčðÖøèŤøĆïõćóĒúą

ëŠć÷õćóÿđðÖêøĆööćüĉđÙøćąĀŤĕéš 

4.2  đÖĘïõćóÿđðÖêøĆö 
ÖćøđÖĘïõćóÿđðÖêøĆöéšü÷ĒĂóóúĉđÙßĆîǰHD Camera 2023 ēé÷êĆĚÜÙŠćÖćøëŠć÷õćóéĆÜîĊĚǰÙŠćǰ

ISOǰ=ǰ����, Focusǰ= �ǰ, White BalanceǰđðŨîēĀöéǰDaylight, Speed Shutter đðŨîǰ���ǰüĉîćìĊ 
ĒúąêĆĚÜÙŠćĔĀšĒĂóóúĉđÙßĆîëŠć÷õćóǰ��ǰõćóĔîĀîċęÜÙøĆĚÜìĊęÖéëŠć÷ǰđóČęĂîĈÙŠćÖćøéĎéÖúČîĒÿÜìĊęÝąĂŠćîĕéš

ÝćÖēðøĒÖøöǰMATLAB öćđúČĂÖ×šĂöĎúǰđðŨîÖćøðŜĂÜÖĆîÖćøđÖĉé×šĂöĎúìĊęñĉéóúćéÝćÖõćóìĊęëŠć÷ĕéšđöČęĂ

ĀúĂéĕôÖøąóøĉïǰàċęÜÝćÖÖćøìéúĂÜëŠć÷õćóÿđðÖêøĆöéšü÷ÖćøêĆĚÜÙŠćéĆÜÖúŠćüóïüŠćÿćöćøëëŠć÷õćó

ÿđðÖêøĆööćìĈÖćøüĉđÙøćąĀŤéšü÷ēðøĒÖøöǰMATLAB ĕéš 

4.3  ñúÖćøêøüÝÿĂïðŦÝÝĆ÷ìĊęöĊñúêŠĂÖćøđÖĘïõćóÿđðÖêøĆö 
       4.3.1  ĂčèĀõĎöĉĀúĂéĕôôúĎĂĂđøÿđàîêŤ 

 
øĎðìĊę 4�1ǰÖøćôĒÿéÜÙŠćǰV ÿĎÜÿčéđÞúĊę÷×ĂÜĀúĂéĕôôúĎĂĂđøÿđàîêŤđé÷ŤĕúìŤ 

R² = 0.0041
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Average V of fluorescent daylight light bulb
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øĎðìĊęǰ��2ǰÖøćôĒÿéÜÙŠćǰV ÿĎÜÿčéđÞúĊę÷×ĂÜĀúĂéĕôôúĎĂĂđøÿđàîêŤüĂøŤöĕüìŤ 

 
øĎðìĊęǰ��3ǰÖøćôĒÿéÜÙŠćǰV ÿĎÜÿčéđÞúĊę÷×ĂÜĀúĂéĕôôúĎĂĂđøÿđàîêŤÙĎúĕüìŤ 

ÝćÖøĎðìĊę 4.1ǰÿĆÜđÖêĕéšüŠćÙŠćǰR2 = 0.004 àċ ęÜöĊÙŠćđ×šćĔÖúšýĎî÷ŤǰĒúąđÿšîĒîüēîšöǰ

(Trendline) öĊĒîüēîšöđðŨîđÿšîêøÜêćöĒîüĒÖîǰxǰÿøčðĕéšüŠćĀúĂéĕôôúĎĂĂđøÿđàîêŤđé÷ŤĕúìŤöĊÙüćö

ÙÜìĊę×ĂÜÙŠćđÞúĊę÷ǰV ÿĎÜÿčéöćÖìĊęÿčéÝćÖĀúĂéĕôôúĎĂĂđøÿđàîêŤìĆĚÜǰ�ǰĂčèĀõĎöĉǰÝċÜđúČĂÖĔßšĀúĂéĕô

ôúĎĂĂđøÿđàîêŤđé÷ŤĕúìŤĔîÖćøìéúĂÜëŠć÷õćóÿđðÖêøĆö×ĂÜÿćøúąúć÷éŠćÜìĆïìĉööćêøåćî 

       4.3.2  đüúćĔîÖćøüĂøŤöĕôĒúąøą÷ąđüúćĔîÖćøđÖĘïõćóÿđðÖêøĆö 
ÝćÖøĎðìĊęǰ���ǰÿĆÜđÖêĕéšüŠćÙŠćǰV ÿĎÜÿčéđÞúĊę÷×ĂÜĀúĂéĕôôúĎĂĂđøÿđàîêŤđé÷ŤĕúìŤđøĉęöÙÜìĊę

ìĊęîćìĊìĊęǰ�ǰĒúąđöČęĂđüúćñŠćîĕðëċÜîćìĊìĊęǰ�ǰÝîëċÜîćìĊìĊęǰ��ǰĀúĂéĕôôúĎĂĂđøÿđàîêŤđøĉęööĊĂčèĀõĎöĉÿĎÜǰ

ëċÜĒöšüŠćÙŠćǰV ÿĎÜÿčéđÞúĊ ę÷÷ĆÜÙÜöĊĒîüēîšöÙÜìĊęĒêŠìćÜÙèąñĎšüĉÝĆ÷đúČĂÖßŠüÜđüúćĔîÖćøđÖĘïõćó

R² = 0.3483
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Average V of fluorescent warm white light bulb

R² = 0.5181

0.7

0.75

0.8

0.85

0.9

0.95

1

0 2 4 6 8 10

Av
er

ag
e 

de
lta

 V
 m

ax

Minute

Average V of fluorescent cool white light bulb

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหาและต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้



26 
 

 
 

ÿđðÖêøĆöêĆĚÜĒêŠîćìĊìĊęǰ�ǰëċÜǰ�ǰđóČęĂðŜĂÜÖĆîĕöŠĔĀšĀúĂéĕôđÖĉéÖćøđÿČęĂöÿõćóǰĒúą÷ĆÜÙÜðøąÿĉìíĉõćó

ĔîÖćøđðŨîĒĀúŠÜÖĈđîĉéĒÿÜĕéšÝîÝïÖćøìéúĂÜ 

 
øĎðìĊęǰ��4 ÖøćôĒÿéÜÙŠćǰV ÿĎÜÿčéđÞúĊę÷×ĂÜĀúĂéĕôĂĆúêøšćĕüēĂđúê 

ÝćÖøĎðìĊęǰ���ǰÿĆÜđÖêĕéšüŠćÙŠćǰV ÿĎÜÿčéđÞúĊę÷×ĂÜĀúĂéĕôĂĆúêøšćĕüēĂđúêöĊÙŠćÿĎÜÿčéìĊęîćìĊ

ìĊęǰ�ǰĒúąöĊĒîüēîšöúéúÜđøČęĂ÷ėǰéĆÜîĆĚîÝċÜđúČĂÖßŠüÜđüúćĔîÖćøđÖĘïõćóÿđðÖêøĆöìĊęîćìĊìĊęǰ�ǰëċÜǰ�ǰ

đßŠîđéĊ÷üÖĆïĀúĂéĕôôúĎĂĂđøÿđàîêŤđé÷ŤĕúìŤǰđóČęĂĔĀšĒÿÜÿüŠćÜìĊęĕéšǰđóĊ÷ÜóĂêŠĂÖćøëŠć÷õćóÿđðÖêøĆö 

       4.3.3  êĈĒĀîŠÜÖćøüćÜǰSmartphone 
ÝćÖÖćøìéúĂÜóïüŠćǰpixel ÿĊîĚĈđÜĉîǰÿĊđ×Ċ÷üǰĒúąÿĊĒéÜǰ×ĂÜĀúĂéĕôĀúĂéĕôôúĎĂĂđøÿ

đàîêŤđé÷ŤĕúìŤǰĒúą pixel ÿĊîĚĈđÜĉîǰĒúąÿĊđ×Ċ÷üǰ×ĂÜĀúĂéĂĆúêøšćĕüēĂđúêǰêĆĚÜĒêŠîćìĊìĊęǰ�ǰëċÜǰ��ǰöĊÙŠć

đïĊę÷ÜđïîöćêøåćîĕöŠđÖĉîǰ��% ×ĂÜÙŠćđÞúĊę÷ǰÝċÜÿøčðĕéšüŠćêĈĒĀîŠÜÖćøüćÜĒúąåćîìĊęüćÜÿöćøŤìēô

îöĊÙüćöÙÜìĊęĔîÖćøëŠć÷õćóÿđðÖêøĆö 

R² = 0.2089

0.7

0.75

0.8

0.85

0.9

0.95

1

0 2 4 6 8 10

Av
er

ag
e 

de
lta

 V
 m

ax

Minute

Average V of ultraviolet light bulb
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4.4  ñúÖćøìéúĂÜüĉđÙøćąĀŤÙüćöÿĆöóĆîíŤøąĀüŠćÜÙüćöđ×šö×šîÿćøúąúć÷éŠćÜìĆïìĉö
ÖĆïÙŠćÖćøéĎéÖúČîĒÿÜ (Absorbance) 

 
øĎðìĊęǰ4�5ǰÖøćôöćêøåćîÙüćöđ×šö×šî×ĂÜÿćøúąúć÷öćêøåćîéŠćÜìĆïìĉöìĊęÙüćö÷ćüÙúČęîǰ���ǰîćēî

đöêø (üĆéÙŠćÖćøéĎéÖúČîéšü÷đÙøČęĂÜÿđðÖēêøēôēêöĉđêĂøŤĒïïóÖóćìĊęðøąéĉþåŤ×ċĚî
 

 
øĎðìĊęǰ4�6ǰÖøćôöćêøåćîÙüćöđ×šö×šî×ĂÜÿćøúąúć÷öćêøåćîéŠćÜìĆïìĉöìĊęÙüćö÷ćüÙúČęîǰ���ǰîćēî

đöêø (üĆéÙŠćÖćøéĎéÖúČîéšü÷đÙøČęĂÜüĉÿĉđïĉúǰÿđðÖēêøēôēêöĉđêĂøŤ
 

ÝćÖÖćøđðøĊ÷ïđìĊ÷ïøĎðìĊ ęǰ���ǰĒúąǰ���ǰóïüŠćÖøćôöćêøåćî×ĂÜÿćøúąúć÷éŠćÜìĆïìĉö

öćêøåćîìĊęĕéšÝćÖđÙøČęĂÜÿđðÖēêøēôēêöĉđêĂøŤìĊęðøąéĉþåŤ×ċĚî  öĊÙŠćđðĂøŤđàîêŤÙüćöÙúćéđÙúČęĂî×ĂÜ

ÿćøúąúć÷ǰunknown đìŠćÖĆïǰ�2����ǰĒúąÝćÖđÙøČęĂÜüĉÿĉđïĉúÿđðÖēêøēôēêöĉđêĂøŤöĊÙŠćđìŠćÖĆïǰ

�����%ǰĒúąÖøćôöćêøåćîÝćÖìĆĚÜÿĂÜđÙøČęĂÜöĊĒîüēîšö×ĂÜÙŠćÖćøéĎéÖúČîĒÿÜđóĉęö×ċĚîêćöÙüćö

đ×šö×šî×ĂÜÿćø 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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4.5  ñúÖćøìéúĂÜüĉđÙøćąĀŤÙüćöÿĆöóĆîíŤøąĀüŠćÜÙüćöđ×šö×šîÿćøúąúć÷ÙćøŤēïàĆú
ĒôîÖĆïÙŠćÖćøéĎéÖúČîĒÿÜǰ	Absorbance)  

 
øĎðìĊęǰ4�7 ÖøćôöćêøåćîÙüćöđ×šö×šî×ĂÜÿćøúąúć÷öćêøåćîÙćøŤēïàĆúĒôîìĊęÙüćö÷ćüÙúČęîǰ���ǰ

îćēîđöêø (üĆéÙŠćÖćøéĎéÖúČîéšü÷đÙøČęĂÜÿđðÖēêøēôēêöĉđêĂøŤĒïïóÖóćìĊęðøąéĉþåŤ×ċĚî
 

 
øĎðìĊęǰ4�8ǰÖøćôöćêøåćîÙüćöđ×šö×šî×ĂÜÿćøúąúć÷öćêøåćîÙćøŤēïàĆúĒôîìĊęÙüćö÷ćüÙúČęîǰ���ǰ

îćēîđöêø (üĆéÙŠćÖćøéĎéÖúČîéšü÷đÙøČęĂÜ÷ĎüĊ�üĉÿĉđïĉúǰÿđðÖēêøēôēêöĉđêĂøŤ
 

ÝćÖøĎðìĊęǰ���ǰĒúąǰ���ǰóïüŠćÖøćôöćêøåćî×ĂÜÿćøúąúć÷ÙćøŤēïàĆúĒôîöćêøåćîìĊęĕéšÝćÖ

đÙøČ ęĂÜÿđðÖēêøēôēêöĉđêĂøŤìĊ ęðøąéĉþåŤ×ċ Ěî öĊÙŠćđðĂøŤđàîêŤÙüćöÙúćéđÙúČ ęĂî×ĂÜÿćøúąúć÷ǰ

unknown đìŠćÖĆïǰ�����% ĒúąÝćÖđÙøČęĂÜ÷ĎüĊ�üĉÿĉđïĉúÿđðÖēêøēôēêöĉđêĂøŤöĊÙŠćđìŠćÖĆïǰ����%ǰǰĒúą

ÖøćôöćêøåćîÝćÖìĆĚÜÿĂÜđÙøČęĂÜöĊĒîüēîšö×ĂÜÙŠćÖćøéĎéÖúČîĒÿÜđóĉęö×ċĚîêćöÙüćöđ×šö×šî×ĂÜÿćø 
เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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4.6  ñúÖćøìéúĂÜüĉđÙøćąĀŤĒúąđðøĊ÷ïđìĊ÷ïÙŠćÖćøéĎéÖúČîĒÿÜøąĀüŠćÜÿćøÿÖĆé
ñĆÖÙąîšćǰ	Thai kale) ìĊęĕöŠñŠćîÖćøĒßŠÿćøúąúć÷ÙćøŤēïàĆúĒôîÖĆïÿćøÿÖĆé
ñĆÖÙąîšćìĊęñŠćîÖćøĒßŠÿćøúąúć÷ÙćøŤēïàĆúĒôî 

 

øĎðìĊęǰ��9 ÖøćôđðøĊ÷ïđìĊ÷ïÙŠćÖćøéĎéÖúČîĒÿÜøąĀüŠćÜÿćøÿÖĆéñĆÖÙąîšćìĊęĕöŠñŠćîÖćøĒßŠÿćøÙćøŤēïàĆú

ĒôîÖĆïÿćøÿÖĆéñĆÖÙąîšćìĊęñŠćîÖćøĒßŠÿćøÙćøŤēïàĆúĒôîǰ(üĆéÙŠćÖćøéĎéÖúČîéšü÷đÙøČęĂÜÿđðÖēêøēôēê

öĉđêĂøŤĒïïóÖóćìĊęðøąéĉþåŤ×ċĚî
 

 

øĎðìĊęǰ��10 ÖøćôđðøĊ÷ïđìĊ÷ïÙŠćÖćøéĎéÖúČîĒÿÜøąĀüŠćÜÿćøÿÖĆéñĆÖÙąîšćìĊęĕöŠñŠćîÖćøĒßŠÿćøÙćøŤ

ēïàĆúĒôîÖĆïÿćøÿÖĆéñĆÖÙąîšćìĊęñŠćîÖćøĒßŠÿćøÙćøŤēïàĆúĒôîǰ(üĆéÙŠćÖćøéĎéÖúČîéšü÷đÙøČęĂÜ÷ĎüĊ�üĉÿĉ

đïĉúÿđðÖēêøēôēêöĉđêĂøŤ
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ÝćÖÖćøđðøĊ÷ïđìĊ÷ïøĎðìĊęǰ4.� Ēúąǰ4.�� óïüŠćÖøćôđðøĊ÷ïđìĊ÷ïÙŠćÖćøéĎéÖúČîĒÿÜøąĀüŠćÜ

ÿćøÿÖĆéñĆÖÙąîšćìĊęĕöŠñŠćîÖćøĒßŠÿćøÙćøŤēïàĆúĒôîÖĆïÿćøÿÖĆéñĆÖÙąîšćìĊęñŠćîÖćøĒßŠÿćøÙćøŤēïàĆú

ĒôîìĊęĕéšÝćÖđÙøČęĂÜÿđðÖēêøēôēêöĉđêĂøŤìĊęðøąéĉþåŤ×ċĚîĒúąÝćÖđÙøČęĂÜ÷ĎüĊ�üĉÿĉđïĉúÿđðÖēêøēôēêöĉđêĂøŤǰ

öĊÙüćöĒêÖêŠćÜ×ĂÜÙŠćÖćøéĎéÖúČîĒÿÜìĊęđĀöČĂîÖĆîÙČĂÙŠćÖćøéĎéÖúČîĒÿÜ×ĂÜÿćøÿÖĆéñĆÖÙąîšćìĊęñŠćî

ÖćøĒßŠÿćøÙćøŤēïàĆúĒôîöĊÙŠćöćÖÖüŠćÿćøÿÖĆéñĆÖÙąîšćìĊęĕöŠñŠćîÖćøĒßŠÿćøÙćøŤēïàĆúĒôîǰĒúąìĆĚÜ

ÿĂÜÖøćô÷ĆÜöĊÙŠćÖćøéĎéÖúČîĒÿÜ×ĂÜÿćøÿÖĆéìĆĚÜÿĂÜǰìĊęĔÖúšđÙĊ÷ÜÖĆîǰÝċÜÿøčðĕéšüŠćđÙøČęĂÜÿđðÖēêøēôēê

öĉđêĂøŤìĊęðøąéĉþåŤ×ċĚîēé÷ĔßšĒĀúŠÜÖĈđîĉéĒÿÜđðŨîĀúĂéĕôĂĆúêøšćĕüēĂđúêÿćöćøëêøüÝĀćÿćøÙćøŤ

ēïàĆúĒôîìĊęêÖÙšćÜĔîñĆÖÙąîšćĕéš 
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ïììĊę 5 
ÿøčðñúÖćøìéúĂÜĒúą×šĂđÿîĂĒîą 

5.1  ÿøčðñúÖćøìéúĂÜ 
ÝćÖÖćøìéúĂÜóïüŠćđÙøČęĂÜÿđðÖēêøēôēêöĉđêĂøŤìĊęðøąéĉþåŤ×ċĚîĒúąÙĈÿĆęÜÖćøðøąöüúñúõćóìĊę

đ×Ċ÷î×ċĚîéšü÷ēðøĒÖøöǰMATLAB ÿćöćøëëŠć÷ĒúąüĉđÙøćąĀŤõćóÿđðÖêøĆö×ĂÜÿćøúąúć÷éŠćÜìĆïìĉö

öćêøåćîǰÿćøúąúć÷ÙćøŤēïàĆúĒôîöćêøåćîǰĒúąÿćøÿÖĆéÝćÖñĆÖÙąîšćĕéšǰ ēé÷ĔîÖćøìéúĂÜĔßš

ĀúĂéôúĎĂĂđøÿđàîêŤđé÷ŤĕúìŤđðŨîĒĀúŠÜÖĈđîĉéĒÿÜĔîÖćøüĆéÙŠćÖćøéĎéÖúČîĒÿÜ×ĂÜÿćøúąúć÷éŠćÜ

ìĆïìĉööćêøåćîǰĒúąĔßšĀúĂéĂĆúêøšćĕüēĂđúêđðŨîĒĀúŠÜÖĈđîĉéĒÿÜĔîÖćøüĆéÙŠćÖćøéĎéÖúČîĒÿÜ×ĂÜ

ÿćøúąúć÷ÙćøŤēïàĆúĒôîöćêøåćîĒúąÿćøÿÖĆéÝąñĆÖÙąîšćǰēé÷ÿđðÖêøĆö×ĂÜÿćøúąúć÷éŠćÜìĆïìĉö

öćêøåćîóĉÝćøèćìĊęÙüćö÷ćüÙúČęîǰ���ǰîćēîđöêøǰĔîÿŠüî×ĂÜÿćøúąúć÷ÙćøŤēïàĆúĒôîöćêøåćî

ĒúąÿćøÿÖĆéÝąñĆÖÙąîšćóĉÝćøèćìĊęÙüćö÷ćüÙúČęîǰ���ǰîćēîđöêøǰđöČęĂüĉđÙøćąĀŤÙŠćÖćøéĎéÖúČîĒÿÜìĊę

Ùüćö÷ćüÙúČęîéĆÜÖúŠćüĒúąÿøšćÜđðŨîÖøćôöćêøåćîóïüŠćÙŠćÖćøéĎéÖúČîĒÿÜĒðøñĆîêøÜÖĆïÙüćö

đ×šö×šî×ĂÜÿćøúąúć÷öćêøåćîĒêŠÖćøìĈîć÷Ùüćöđ×šö×šî×ĂÜÿćøúąúć÷ǰunknown ÷ĆÜöĊÙŠć

đðĂøŤđàĘîêŤÙüćöÙúćéđÙúČęĂîìĊęÿĎÜǰĒúąóïüŠćÙŠćÖćøéĎéÖúČîĒÿÜ×ĂÜêĆüĂ÷ŠćÜÿćøÿÖĆéñĆÖÙąîšćìĊęñŠćî

ÖćøĒßŠÙćøŤēïàĆúĒôîöĊÙŠćöćÖÖüŠćêĆüĂ÷ŠćÜÿćøÿÖĆéñĆÖÙąîšćìĊęĕöŠñŠćîÖćøĒßŠÙćøŤēïàĆúĒôîǰĒúąÖćø

ÿÖĆéñĆÖÙąîšćéšü÷üĉíĊÖćøéĆÜìĊęÖúŠćüĕüšĔîĀĆü×šĂǰ����ǰÿćöćøëÿÖĆéÿćøÙćøŤēïàĆúĒôîĂĂÖöćđóČęĂ

üĉđÙøćąĀŤĒúąđðøĊ÷ïđìĊ÷ïÙüćöĒêÖêŠćÜ×ĂÜÙŠćÖćøéĎéÖúČîĒÿÜĕéš 

5.2  ×šĂđÿîĂĒîą 
1. ðøĆïüĆÿéčìĊęĔßšìĈđÙøČęĂÜÿđðÖēêøēôēêöĉđêĂøŤĒïïóÖóćĔĀšöĊÙüćöĒ×ĘÜĒøÜǰìîìćîǰĒúą

ðøĆï×îćé×ĂÜđÙøČęĂÜĔĀšÖøąìĆéøĆéöćÖ×ċĚî 
2. ĔîßŠüÜĒøÖ×ĂÜÖćøìéúĂÜëŠć÷õćóéšü÷ĒĂóóúĉđÙßĆîÖúšĂÜìĊęêĉéêĆĚÜöćÖĆïÿöćøŤìēôîǰ

óïüŠćÙŠćÙüćöÿüŠćÜǰ(Value, V) ×ĂÜõćóÿđðÖêøĆööĊÙŠćöćÖÖüŠćǰ�ǰìĈĔĀš×šĂöĎúéĆÜÖúŠćüĕöŠ

ÿćöćøëîĈöćüĉđÙøćąĀŤĕéšǰÝċÜđúČĂÖĔßšĒĂóóúĉđÙßĆîǰHD Camera 2023 öćßŠü÷ĔîÖćøêĆĚÜ

ÙŠćÖćøëŠć÷õćóĔĀšÙÜìĊęêúĂéÖćøìéúĂÜǰĒêŠõćó×ĂÜÿđðÖêøĆöìĊęĕéš÷ĆÜöĊÙüćöúąđĂĊ÷é

ÙŠĂî×šćÜêęĈǰđîČęĂÜéšü÷×šĂÝĈÖĆéÙüćöúąđĂĊ÷é×ĂÜÖúšĂÜÿöćøŤìēôîǰÝċÜĂ÷ćÖđÿîĂĔĀšđðúĊę÷î

ßîĉé×ĂÜĂčðÖøèŤđÖĘïõćóÿđðÖêøĆöĔĀšöĊÙüćöúąđĂĊ÷éöćÖ×ċĚîǰĒúąÿćöćøëêĉéêĆĚÜÖĆïÖúŠĂÜ

ÙüïÙčöĒÿÜĕéšĂ÷ŠćÜëćüøǰđßŠîÖúšĂÜđüĘïĒÙöǰĀøČĂÖúšĂÜéĉÝĉìĆú 
3. ÙüøðøĆïĀøČĂđóĉęöôŦÜÖŤßĆîĔîēðøĒÖøö MATLAB ĔĀšÿćöćøëüĉđÙøćąĀŤõćóëŠć÷ÿđðÖêøĆöĕéš

øĎðĕéšĀúć÷øĎðóøšĂöÖĆî 
��ǰǰóĆçîćĔĀšÿćöćøëĔßšǰAI öćßŠü÷ĔîÖćøđÖĘï×šĂöĎúĒúąüĉđÙøćąĀŤÙüćöđ×šö×šî×ĂÜÿćøĕéš
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êćøćÜìĊę Ö�1ǰêćøćÜĒÿéÜÙŠćǰPixel ĒúąÙŠćǰV 
öćÖìĊęÿčéǰ×ĂÜĀúĂéĕôôúĎĂĂđøÿđàîêŤđé÷ŤĕúìŤ 

DAYLIGHT 
min Pixel R Pixel G Pixel B Vmax 

0 227 163 62 0.8670232 
0 227 163 64 0.8606061 
0 228 163 62 0.8639929 
0 229 164 62 0.8472371 
0 228 163 62 0.8757576 
0 228 163 62 0.8672014 
0 227 163 64 0.8645276 
0 227 163 63 0.8590018 
0 230 163 62 0.855615 
0 229 163 63 0.858467 
1 222 160 59 0.9386809 
1 224 161 62 0.9222816 
1 223 160 60 0.9160428 
1 216 154 53 0.915508 
1 221 158 58 0.9215686 
1 223 158 59 0.9249554 
1 223 159 58 0.9347594 
1 222 159 58 0.9114082 
1 221 159 60 0.8950089 
1 224 160 58 0.9360071 
2 229 163 62 0.8966132 
2 226 163 66 0.8973262 
2 225 163 64 0.9090909 
2 227 162 62 0.9151515 
2 225 163 62 0.8976827 
2 228 162 61 0.8946524 
2 226 163 62 0.9203209 
2 228 163 64 0.9053476 
2 226 163 62 0.914795 
2 229 163 63 0.9080214 
3 225 162 61 0.9090909 
3 225 162 62 0.911943 
3 226 162 59 0.9110517 
3 227 162 62 0.9158645 
3 226 163 61 0.9213904 

3 228 162 61 0.9130125 
3 224 162 61 0.9174688 
3 225 162 61 0.9247772 
3 225 162 63 0.9106952 
3 225 162 61 0.9188948 
4 222 160 60 0.9156863 
4 223 160 61 0.92959 
4 223 160 61 0.912656 
4 223 160 59 0.927451 
4 224 160 59 0.92959 
4 223 160 59 0.9121212 
4 223 160 58 0.9076649 
4 224 160 60 0.9181818 
4 224 160 61 0.9192513 
4 224 160 60 0.9331551 
5 232 163 62 0.9090909 
5 230 163 61 0.913369 
5 226 162 62 0.9030303 
5 226 163 66 0.9108734 
5 228 163 65 0.9 
5 225 162 61 0.897861 
5 227 163 65 0.9151515 
5 231 163 61 0.8975045 
5 226 163 65 0.902139 
5 227 165 65 0.9076649 
6 227 164 62 0.9033868 
6 230 164 63 0.9090909 
6 227 164 63 0.9099822 
6 227 164 65 0.9001783 
6 229 164 66 0.9081996 
6 226 164 66 0.9076649 
6 227 165 67 0.8964349 
6 227 165 67 0.9076649 
6 227 165 65 0.9037433 
6 227 164 66 0.9131907 
7 228 165 62 0.9016043 
7 227 165 63 0.9048128 
7 227 164 64 0.9067736 
7 231 165 63 0.8946524 
7 228 164 66 0.9064171 
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7 229 165 66 0.8909091 
7 228 164 65 0.8950089 
7 227 165 64 0.9064171 
7 228 165 66 0.9092692 
7 223 161 62 0.9176471 
8 223 161 62 0.9176471 
8 224 162 62 0.8860963 
8 225 161 60 0.9035651 
8 231 161 62 0.8959002 
8 224 162 63 0.9040998 
8 224 162 61 0.9017825 
8 224 162 61 0.9017825 
8 226 161 60 0.9228164 
8 225 162 62 0.8946524 
8 226 162 60 0.8901961 
9 225 162 62 0.8946524 
9 226 162 60 0.8901961 
9 226 162 62 0.9048128 
9 224 162 63 0.8928699 
9 226 162 61 0.8860963 
9 227 162 60 0.8982175 
9 225 162 62 0.873262 
9 226 162 65 0.8998217 
9 226 162 61 0.9067736 
9 225 162 63 0.9039216 

10 227 164 62 0.8950089 
10 226 163 62 0.9165775 
10 227 164 64 0.9092692 
10 226 164 63 0.9024955 
10 225 164 62 0.8950089 
10 231 165 65 0.8944742 
10 227 164 62 0.8912656 
10 227 164 62 0.9026738 
10 227 164 62 0.9026738 
10 231 165 63 0.8921569 

 

 

 

êćøćÜìĊęǰÖ�2ǰêćøćÜĒÿéÜÙŠć V öćÖìĊęÿčéđÞúĊę÷

×ĂÜĀúĂéôúĎĂĂđøÿđàîêŤđé÷ŤĕúìŤ 

DAYLIGHT 
min AVGǰVmax STD 

0 0.861943 0.007703 
1 0.921622 0.013179 
2 0.9059 0.009077 
3 0.915419 0.005153 
4 0.920535 0.008821 
5 0.905668 0.006422 
6 0.905954 0.004998 
7 0.903351 0.007994 
8 0.901854 0.011394 
9 0.895062 0.010152 

10 0.90016 0.008159 
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êćøćÜìĊęǰÖ�3 êćøćÜĒÿéÜÙŠćǰPixel ĒúąÙŠćǰV 
öćÖìĊęÿčéǰ×ĂÜĀúĂéĕôôúĎĂĂđøÿđàîêŤüĂøŤö

ĕüìŤ 

WARM WHITE 
min Pixel R Pixel G Pixel B Vmax 

0 210 164 62 0.828699 
0 226 164 63 0.832086 
0 210 164 63 0.82246 
0 226 165 63 0.840285 
0 229 165 63 0.823529 
0 226 164 63 0.844563 
0 229 164 63 0.837433 
0 212 165 63 0.827807 
0 226 165 63 0.829768 
0 211 165 63 0.834581 
1 213 164 63 0.873797 
1 227 165 63 0.862745 
1 227 165 63 0.910339 
1 210 165 63 0.884492 
1 213 164 63 0.881283 
1 226 165 63 0.894831 
1 212 165 62 0.889305 
1 226 164 63 0.879857 
1 227 164 62 0.886809 
1 212 165 63 0.881818 
2 212 165 63 0.881818 
2 227 165 63 0.862745 
2 227 165 63 0.910339 
2 210 165 63 0.884492 
2 229 168 63 0.890374 
2 230 164 64 0.863102 
2 207 164 63 0.884314 
2 224 165 63 0.882709 
2 211 165 63 0.870766 
2 225 164 63 0.882531 
3 222 160 59 0.864706 
3 215 161 59 0.87344 
3 223 161 60 0.902496 
3 211 161 60 0.875579 
3 208 161 59 0.867558 

3 210 161 60 0.875223 
3 207 160 58 0.877897 
3 221 159 57 0.846168 
3 221 160 58 0.869875 
3 225 159 62 0.862745 
4 210 164 64 0.852763 
4 231 164 63 0.836898 
4 226 165 65 0.840107 
4 211 164 63 0.855793 
4 225 164 63 0.855437 
4 228 163 62 0.852763 
4 226 165 63 0.823529 
4 228 164 63 0.853476 
4 209 164 63 0.851515 
4 225 164 63 0.848841 
5 225 161 61 0.831907 
5 223 161 59 0.844029 
5 223 162 60 0.845633 
5 224 162 61 0.82656 
5 225 162 60 0.846702 
5 210 162 61 0.836364 
5 212 163 61 0.844385 
5 210 162 61 0.836364 
5 225 162 61 0.842424 
5 204 163 61 0.823886 
6 226 165 63 0.840107 
6 225 165 63 0.832086 
6 225 164 63 0.851159 
6 211 164 64 0.822282 
6 214 164 63 0.852763 
6 212 164 63 0.854367 
6 209 164 63 0.83779 
6 214 164 65 0.838503 
6 226 164 62 0.854724 
6 229 165 63 0.850446 
7 206 158 58 0.831194 
7 220 159 57 0.849554 
7 221 158 58 0.83779 
7 210 159 58 0.821569 
7 222 159 59 0.852585 
7 212 159 57 0.828699 
7 212 162 58 0.848307 
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7 223 159 57 0.837968 
7 212 159 60 0.844563 
7 202 159 58 0.853298 
8 227 162 59 0.852941 
8 205 162 59 0.834046 
8 226 162 58 0.859893 
8 225 162 58 0.862923 
8 226 162 58 0.851337 
8 225 162 59 0.829412 
8 225 162 59 0.840285 
8 212 161 58 0.828699 
8 226 162 59 0.822638 
8 226 162 59 0.852941 
9 201 151 50 0.801961 
9 212 151 49 0.813369 
9 200 154 51 0.812656 
9 195 153 50 0.83262 
9 198 152 50 0.827273 
9 200 151 50 0.829768 
9 200 151 52 0.819073 
9 212 151 50 0.835116 
9 203 151 49 0.829055 
9 214 151 50 0.818538 

10 240 177 74 0.842246 
10 240 178 73 0.854724 
10 241 177 74 0.832264 
10 234 177 73 0.831194 
10 225 176 73 0.85205 
10 243 179 73 0.827094 
10 223 177 74 0.836007 
10 242 176 74 0.83975 
10 238 177 74 0.83066 
10 242 177 75 0.82959 

 

 

 

 

êćøćÜìĊęǰÖ�4ǰêćøćÜĒÿéÜÙŠć V öćÖìĊęÿčéđÞúĊę÷

×ĂÜĀúĂéôúĎĂĂđøÿđàîêŤüĂøŤöĕüìŤ 

WARM WHITE 
min AVG STD 

0 0.832121 0.007139 
1 0.884528 0.012604 
2 0.881319 0.013885 
3 0.871569 0.014215 
4 0.847112 0.01044 
5 0.837825 0.008185 
6 0.843422 0.010986 
7 0.840553 0.01089 
8 0.843512 0.014291 
9 0.821943 0.010576 

10 0.837558 0.837037 

 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหาและต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้
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êćøćÜìĊęǰÖ�5ǰêćøćÜĒÿéÜÙŠćǰPixel ĒúąÙŠćǰV 
öćÖìĊęÿčéǰ×ĂÜĀúĂéĕôôúĎĂĂđøÿđàîêŤÙĎúĕüìŤ 

COOL WHITE 
min Pixel R Pixel G Pixel B Vmax 

0 211 157 56 0.7791444 
0 202 157 56 0.7983957 
0 202 157 57 0.8115865 
0 205 157 57 0.8124777 
0 201 157 56 0.7871658 
0 207 156 56 0.8103387 
0 204 157 56 0.8153298 
0 204 157 56 0.8044563 
0 203 157 57 0.7921569 
0 204 160 57 0.7948307 
1 204 159 58 0.814082 
1 203 160 59 0.7951872 
1 206 159 58 0.8392157 
1 203 159 58 0.8276292 
1 206 159 58 0.7951872 
1 202 159 58 0.8276292 
1 210 160 58 0.7878788 
1 210 159 58 0.8449198 
1 207 164 58 0.7932264 
1 201 159 59 0.8452763 
2 202 159 57 0.8042781 
2 210 161 58 0.8203209 
2 201 157 58 0.7969697 
2 201 158 56 0.8213904 
2 202 158 57 0.7764706 
2 206 158 56 0.7994652 
2 205 157 58 0.7939394 
2 204 158 58 0.8039216 
2 212 157 57 0.773262 
2 204 158 57 0.7898396 
3 207 160 61 0.2759358 
3 211 168 59 0.2463458 
3 205 160 60 0.259893 
3 208 187 60 0.283779 
3 212 191 59 0.2609626 
3 207 165 59 0.2680927 

3 207 194 59 0.2595365 
3 206 162 60 0.2746881 
3 211 161 60 0.2513369 
3 213 162 60 0.2522282 
4 206 162 59 0.8074866 
4 204 161 60 0.7955437 
4 205 162 60 0.7759358 
4 210 161 60 0.8105169 
4 207 161 60 0.8017825 
4 209 162 59 0.8190731 
4 205 161 60 0.8080214 
4 210 162 59 0.783066 
4 206 160 60 0.8017825 
4 212 161 59 0.814795 
5 209 159 59 0.8106952 
5 204 160 60 0.802139 
5 211 165 59 0.8192513 
5 204 159 59 0.8073084 
5 208 159 59 0.8057041 
5 207 162 59 0.8335116 
5 211 162 58 0.816221 
5 207 160 58 0.8201426 
5 210 160 60 0.8347594 
5 210 160 59 0.811943 
6 206 159 59 0.784492 
6 212 162 58 0.7959002 
6 202 159 59 0.8024955 
6 203 159 58 0.8105169 
6 214 159 59 0.7686275 
6 203 160 59 0.8149733 
6 207 161 59 0.7882353 
6 206 161 59 0.8051693 
6 206 160 60 0.8010695 
6 208 160 59 0.7834225 
7 210 163 63 0.8340463 
7 212 163 62 0.845098 
7 208 163 61 0.8518717 
7 210 163 62 0.82959 
7 210 162 61 0.844385 
7 208 162 61 0.8573975 
7 202 162 61 0.8506239 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหาและต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้
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7 210 162 60 0.8365419 
7 206 162 61 0.8595365 
7 210 163 61 0.8554367 
8 207 161 59 0.8532977 
8 208 161 60 0.8672014 
8 205 164 59 0.8210339 
8 209 160 59 0.8705882 
8 209 163 60 0.8737968 
8 205 160 59 0.8151515 
8 207 161 60 0.8524064 
8 214 161 59 0.8582888 
8 209 160 60 0.8595365 
8 204 161 59 0.854902 
9 208 162 61 0.8575758 
9 208 162 60 0.8402852 
9 211 161 62 0.8044563 
9 212 163 62 0.8413547 
9 210 161 60 0.8515152 
9 207 162 60 0.8151515 
9 212 164 61 0.8417112 
9 211 161 61 0.8315508 
9 212 163 62 0.8151515 
9 210 165 60 0.8488414 

10 205 157 58 0.8322638 
10 202 158 57 0.827451 
10 201 158 58 0.854902 
10 204 157 58 0.8229947 
10 206 157 57 0.8529412 
10 206 157 58 0.843672 
10 203 157 59 0.8467023 
10 205 161 58 0.8561497 
10 206 160 58 0.8270945 
10 203 160 58 0.8409982 

 

 

 

 

êćøćÜìĊęǰÖ�6ǰêćøćÜĒÿéÜÙŠć V öćÖìĊęÿčéđÞúĊę÷

×ĂÜĀúĂéôúĎĂĂđøÿđàîêŤüĂøŤöĕüìŤ 

COOL WHITE 
min AVG STD 

0 0.800588 0.012196 
1 0.817023 0.022784 
2 0.797986 0.015922 
3 0.26328 0.012093 
4 0.8018 0.013635 
5 0.816168 0.011077 
6 0.79549 0.014222 
7 0.846453 0.010334 
8 0.85262 0.019639 
9 0.834759 0.0177 

10 0.840517 0.012383 

 

  

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหาและต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้
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êćøćÜìĊę Ö�7ǰêćøćÜĒÿéÜÙŠćǰPixel ĒúąÙŠćǰV 
öćÖìĊęÿčéǰ×ĂÜĀúĂéĕôĂĆúêøšćĕüēĂđúê 

UV 
min Pixel R Pixel G Vmax 

0 164 62 0.75098 
0 164 62 0.754902 
0 164 63 0.698396 
0 164 62 0.752228 
0 164 62 0.778253 
0 164 62 0.716399 
0 164 62 0.739216 
0 164 62 0.775223 
0 164 62 0.720677 
0 164 62 0.779501 
1 160 58 0.830481 
1 160 59 0.860428 
1 160 58 0.82852 
1 160 59 0.87041 
1 160 59 0.829055 
1 160 59 0.844385 
1 160 59 0.863458 
1 160 59 0.855437 
1 160 59 0.843137 
1 160 59 0.854724 
2 162 60 0.873084 
2 162 60 0.848841 
2 162 60 0.84795 
2 161 60 0.850802 
2 162 60 0.868806 
2 161 60 0.847594 
2 162 61 0.84795 
2 161 60 0.848128 
2 162 61 0.845455 
2 161 60 0.85205 
3 157 57 0.820499 
3 157 57 0.848841 
3 158 57 0.816756 
3 157 57 0.828877 
3 158 57 0.837611 
3 158 57 0.834403 
3 158 56 0.845098 

3 158 58 0.824421 
3 158 58 0.824421 
3 158 57 0.813012 
4 159 58 0.83066 
4 159 58 0.83066 
4 159 58 0.820499 
4 159 57 0.82656 
4 159 58 0.811765 
4 159 58 0.833155 
4 159 57 0.809447 
4 159 57 0.835829 
4 159 57 0.812834 
4 159 58 0.815865 
5 159 58 0.76221 
5 159 58 0.791087 
5 159 58 0.790553 
5 159 58 0.796435 
5 159 57 0.807665 
5 159 58 0.824599 
5 159 58 0.806595 
5 159 58 0.823708 
5 160 57 0.809091 
5 159 57 0.812834 
6 160 61 0.787701 
6 160 58 0.831907 
6 160 58 0.754367 
6 160 58 0.813191 
6 160 61 0.792692 
6 160 60 0.822103 
6 160 60 0.779857 
6 160 59 0.771301 
6 160 59 0.762032 
6 160 59 0.814973 
7 160 59 0.799643 
7 160 58 0.757041 
7 160 59 0.775758 
7 160 58 0.786631 
7 160 59 0.794831 
7 160 58 0.794118 
7 160 59 0.790374 
7 160 58 0.773619 
7 160 58 0.784135 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหาและต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้
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7 160 58 0.739929 
8 160 59 0.784314 
8 160 59 0.78574 
8 160 59 0.764884 
8 161 59 0.797861 
8 160 60 0.805882 
8 160 59 0.798396 
8 160 59 0.769875 
8 160 58 0.775758 
8 160 59 0.75205 
8 160 59 0.767023 
9 160 57 0.739572 
9 159 58 0.77344 
9 159 58 0.73975 
9 159 58 0.789127 
9 159 57 0.780749 
9 159 57 0.757219 
9 159 58 0.769875 
9 159 58 0.790909 
9 159 58 0.760428 
9 159 58 0.765597 

10 160 60 0.760428 
10 161 60 0.774866 
10 161 60 0.808734 
10 160 59 0.780749 
10 161 59 0.755793 
10 161 60 0.794831 
10 160 62 0.750089 
10 160 60 0.798396 
10 161 61 0.759893 
10 161 59 0.784135 

 

 

 

 

 

êćøćÜìĊęǰÖ�8ǰêćøćÜĒÿéÜÙŠć V öćÖìĊęÿčéđÞúĊę÷

×ĂÜĀúĂéĂĆúêøšćĕüēĂđúê 

UV 
min AVG STD 

0 0.746578 0.02786 
1 0.848004 0.015195 
2 0.853066 0.009644 
3 0.829394 0.011899 
4 0.822727 0.009817 
5 0.802478 0.018454 
6 0.793012 0.026614 
7 0.779608 0.018749 
8 0.780178 0.017247 
9 0.766667 0.018057 

10 0.776791 0.019981 

 

 

 

 

 

 

 

 

 

 

 

 

 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหาและต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้



 

 

ÖćøìéúĂÜüĉđÙøćąĀŤÙüćöÿĆöóĆîíŤøąĀüŠćÜÙüćöđ×šö×šîÖĆïÙŠćÖćøéĎéÖúČîĒÿÜ 
(Absorbance)ǰ×ĂÜÿćøúąúć÷éŠćÜìĆïìĉööćêøåćî

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหาและต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้
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øĎðìĊę ×�1ǰÿćøúąúć÷éŠćÜìĆïìĉööćêøåćî 

Öćøđ×Ċ÷îēðøĒÖøöǰMATLAB đóČęĂüĉđÙøćąĀŤÙŠćÖćøéĎéÖúČîĒÿÜ×ĂÜÿćøúąúć÷éŠćÜìĆïìĉööćêøåćî 

clc 
clear 
close 
%Import standard photo 
x = imread('DI 080523-8.jpg'); 
f = ones(3,3)/9;  
i = imfilter(x,f); 
icrop = imcrop(i,[262.51,586.51,284.98,21.98]); %photo pixel determination 
i2 = flip(icrop ,2); %Horizontal flip 
r = mean(i2(:,:,1)); 
g = mean(i2(:,:,2)); 
b = mean(i2(:,:,3)); 
[rgb_r,L_r] = max(r); 
[rgb_g,L_g] = max(g); 
[rgb_b,L_b] = max(b); 
%Convert RGB to HSV 
HSV = rgb2hsv(i2); 
V   = HSV(:,:,3); 
mV  = mean(V); 
%Maximum V value 
Vmaxb = mV(L_b);  
Vmaxg = mV(L_g); 
Vmaxr = mV(L_r);  
 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหาและต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้
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%Wavelength 
Wb = 467.5; 
Wr = 682.5; 
DelW  = (Wr-Wb)/(L_r-L_b); 
Wlow  = (Wb-((L_b-1)*DelW):DelW:Wb); 
Whigh = (Wb+DelW:DelW:Wb+((length(mV)-L_b)*DelW)); 
W = [Wlow,Whigh];  
L = (1:length(mV)); 
if L==L_b 
   W  == Wb; 
   mV == mV(L_b); 
else 
    if L>L_b 
    W  == Wb+((L-L_b)*DelW); 
    mV == mV(L_b+(L-L_b)); 
    elseif L<L_b 
    W  == Wb-((L_b-L)*DelW); 
    mV == mV(L_b-(L_b-L)); 
end 
end 
%New wavelength & V 
start = floor(W(1)); %round to the nearest integer less or equal to W; 
Wnew=zeros(length(W), 1); 
Vnew=zeros(length(mV), 1); 
for i=1:length(W)  
       if i+1 <= length(W) && (W(i)-start <= 1) && (W(i+1)-start > 1) 
           Wnew(i) = start+1; 
           Vnew(i) = mV(i+1)-(((mV(i+1)-mV(i))/(W(i+1)-W(i)))*(W(i+1)-Wnew(i))); 
           start = start+1; 
       elseif i+1 <= length(W) && (W(i)-start > 1) && (W(i+1)-start > 1) 
           Wnew(i) = start+2; 
           Vnew(i) = mV(i+1)-(((mV(i+1)-mV(i))/(W(i+1)-W(i)))*(W(i+1)-Wnew(i))); 
           start = start+2; 
       elseif i+1 > length(W) && (W(i)-start >= 1) 
           Wnew(i)= start+1; 
           Vnew(i)= mV(i); 
           start = start+1; 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหาและต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้
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       else 
           start = start; 
       end 
end 
Wy = Wnew(Wnew>0); 
Vy = Vnew(Vnew>0); 
%Import sample photo 
x_s = imread('KMnO4 5ppm-1.jpg');  
f = ones(3,3)/9;  
i_s = imfilter(x_s,f); 
icrop_s = imcrop(i_s,[262.51,586.51,284.98,21.98]); %photo pixel determination 
i2_s = flip(icrop_s,2); %horizontal flip 
r_s = mean(i2_s(:,:,1)); 
g_s = mean(i2_s(:,:,2)); 
b_s = mean(i2_s(:,:,3)); 
[rgb_rs,L_rs] = max(r_s); 
[rgb_gs,L_gs] = max(g_s); 
[rgb_bs,L_bs] = max(b_s); 
%Convert RGB to HSV 
HSV_s = rgb2hsv(i2_s); 
V_s   = HSV_s(:,:,3); 
mV_s  = mean(V_s); 
%Maximum V value 
Vmaxb_s = mV_s(L_bs);  
Vmaxg_s = mV_s(L_gs); 
Vmaxr_s = mV_s(L_rs);  
%wavelength 
Wb_s = 467.5; 
Wr_s = 682.5; 
DelW_s  = (Wr_s-Wb_s)/(L_rs-L_bs); 
Wlow_s  = (Wb_s-((L_bs-1)*DelW_s):DelW_s:Wb_s); 
Whigh_s = (Wb_s+DelW_s:DelW_s:Wb_s+((length(mV_s)-L_bs)*DelW_s)); 
W_s = [Wlow_s,Whigh_s]; 
L_s = (1:length(mV_s)); 
if L_s==L_bs 
    W_s  == Wb_s 
    mV_s == mV_s(L_bs); 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหาและต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้
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else 
    if L_s>L_bs 
    W_s  == Wb_s+((L_s-L_bs)*DelW_s) 
    mV_s == mV_s(L_bs+(L_s-L_bs)); 
    elseif L_s<L_bs 
    W_s  == Wb_s-((L_bs-L_s)*DelW_s) 
    mV_s == mV_s(L_bs-(L_bs-L_s)); 
end 
end 
%New wavelength & V 
start_s = floor(W_s(1)); %round to the nearest integer less or equal to W_s 
Wnew_s=zeros(length(W_s), 1); 
Vnew_s=zeros(length(mV_s), 1); 
for i_s=1:length(W_s)  
       if i_s+1 <= length(W_s) && (W_s(i_s)-start_s <= 1) && (W_s(i_s+1)-start_s > 1) 
           Wnew_s(i_s) = start_s+1; 
           Vnew_s(i_s) = mV_s(i_s+1)-(((mV_s(i_s+1)-mV_s(i_s))/(W_s(i_s+1)-W_s(i_s)))*(W_s(i_s+1)-
Wnew_s(i_s))); 
           start_s = start_s+1; 
       elseif i_s+1 <= length(W_s) && (W_s(i_s)-start_s > 1) && (W_s(i_s+1)-start_s > 1) 
           Wnew_s(i_s) = start_s+2; 
           Vnew_s(i_s) = mV_s(i_s+1)-(((mV_s(i_s+1)-mV_s(i_s))/(W_s(i_s+1)-W_s(i_s)))*(W_s(i_s+1)-
Wnew_s(i_s))); 
           start_s = start_s+2; 
       elseif i_s+1 > length(W_s) && (W_s(i_s)-start_s >= 1) 
           Wnew_s(i_s)= start_s+1; 
           Vnew_s(i_s)= mV_s(i_s); 
           start_s = start_s+1; 
       else 
           start_s = start_s; 
       end 
end 
Wy_s = Wnew_s(Wnew_s>0); 
Vy_s = Vnew_s(Vnew_s>0); 
%Delta V between Blank & Unknown sample 
Wn = ismember(Wy,Wy_s); 
Wplot = Wy(Wn); 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหาและต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้
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Wn2 = ismember(Wy_s,Wy); 
Wplot2 = Wy_s(Wn2); 
u=unique(Wplot); 
C=[]; 
for t1=1:numel(u) 
    C=[C find(Wy==u(t1))]; 
end 
u2=unique(Wplot2); 
C2=[]; 
for t2=1:numel(u2) 
    C2=[C2 find(Wy_s==u2(t2))]; 
end 
Vplot = Vy(C); 
Vplot2 = Vy_s(C2); 
delvy = Vplot-Vplot2; 
delvy_max = max(delvy); 
W_delVmax = Wplot(delvy==delvy_max); 
%Absorbance 
A = zeros(length(delvy), 1); 
for ia = 1:length(delvy); 
A(ia) = log10(Vplot(ia)/Vplot2(ia)); 
end 
A_max = max(A); 
W_Amax = Wplot(A==A_max); 
A_568nm = A(Wplot==568); 
%Plot 
figure 
 subplot(4,3,1); 
imshow(i2); 
 subplot(4,3,2:3); 
plot(Wplot,Vplot,'Black'); 
grid on 
title('Blank sample'); %graph name 
 subplot(4,3,4); 
imshow(i2_s); 
 subplot(4,3,5:6); 
plot(Wplot2,Vplot2,'Black'); 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหาและต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้



50 
 

 
 

grid on 
title('KMnO4 sample'); %graph name  
subplot(4,3,7:9); 
plot(Wplot,delvy); 
grid on 
title('Delta V'); %graph name 
subplot(4,3,10:12); 
plot(Wplot,A); 
grid on 
title('Absorbance'); %graph name 
out = [L_rs L_gs L_bs A_568nm] 
outout = array2table(out) 
  
êćøćÜìĊęǰ×�1ǰÙŠćÖćøéĎéÖúČîĒÿÜ×ĂÜÿćøúąúć÷éŠćÜìĆïìĉööćêøåćîìĊęÙüćöđ×šö×šîêŠćÜė 

Absorbance of Standard KMnO4 (568 nm) 
Image No. 5 ppm 10 ppm 15 ppm 20 ppm 8 ppm 

1 0.037296 - 0.120408 0.173819 0.075974 
2 - 0.089687 - - - 
3 0.049392 0.097328 0.09946 0.133247 - 
4 0.045642 0.09028 0.091504 0.161637 0.078588 
5 - 0.093348 0.091213 0.13149 0.058443 
6 0.045849 0.074832 - - 0.068796 
7 0.067093 0.064357 0.091409 0.104417 0.074345 
8 0.047997 0.08982 - 0.133425 0.068359 
9 0.031281 0.085483 0.139212 0.122048 0.07761 

10 - 0.066531 0.104772 0.149432 - 
AVG 0.046364 0.083518 0.105425 0.13869 0.071731 

Conc. Calculated from calibration curveǰequation 9.830285 

ÖćøÙĈîüèÙŠćÖćøéĎéÖúČîĒÿÜĒúąÖćøüĉđÙøćąĀŤÙüćöđ×šö×šîÝćÖÙŠćÖćøéĎéÖúČîĒÿÜ×ĂÜÿćøúąúć÷

éŠćÜìĆïìĉööćêøåćî 

0V  ÙČĂǰÙŠćǰV ×ĂÜîĚĈ DI = 0.4376 

V  ÙČĂǰÙŠćǰV ×ĂÜêĆüĂ÷ŠćÜÿćøúąúć÷éŠćÜìĆïìĉööćêøåćî (Unknown) = 0.3735 
เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหาและต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้
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ÝćÖÿöÖćøď×ĂÜ Beer-Lambertǰ: 
0IA = log
I

 

0VA = log
V

 

0.4376A = log
0.3735

 

A = 0.0688  

ÝćÖÖćøÙĈîüèǰĕéšÙŠćÖćøéĎéÖúČîĒÿÜđìŠćÖĆïǰ������ǰîĈĕðüĉđÙøćąĀŤĀćÙüćöđ×š ö×šîéšü÷

ÿöÖćøÝćÖÖøćôöćêøåćîǰ : 
y = 0.0063x + 0.0098  

(y - 0.0098)x = 
0.0063

 

(0.0688 - 0.0098)x = 
0.0063

 

x = 9.3651  

ÝćÖÖćøÙĈîüèÿćöćøëìĈîć÷ÙŠćÙüćöđ×šö×šî×ĂÜêĆüĂ÷ŠćÜÿćøúąúć÷éŠćÜìĆïìĉööćêøåćîĕéš

đìŠćÖĆïǰǰ������ǰppm 
ÙĈîüèÙŠćđðĂøŤđàîêŤÙüćöÙúćéđÙúČęĂîĕéšéĆÜÿöÖćøêŠĂĕðîĊĚǰ: 

| Measured - Real |%error = ×100
Real

 

| 9.3651-8 |%error = ×100
8

 

%error = 17.06  

ÝćÖÖćøÙĈîüèÙŠćđðĂøŤđàĘîÙüćöÙúćéđÙúČęĂîǰöĊÙŠćđìŠćÖĆïǰ�����ǰđðĂøŤđàĘîêŤ

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหาและต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้



 

 

õćÙñîüÖǰÙ� 
ÖćøìéúĂÜüĉđÙøćąĀŤÙüćöÿĆöóĆîíŤøąĀüŠćÜÙüćöđ×šö×šîÖĆïÙŠćÖćøéĎéÖúČîĒÿÜ 

(Absorbance)ǰ×ĂÜÿćøúąúć÷ÙćøŤēïàĆúĒôîöćêøåćî

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหาและต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้
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øĎðìĊęǰÙ�1ǰÿćøúąúć÷ÙćøŤēïàĆúĒôîöćêøåćî 

Öćøđ×Ċ÷îēðøĒÖøöǰMATLAB đóČęĂüĉđÙøćąĀŤÙŠćÖćøéĎéÖúČîĒÿÜ×ĂÜÿćøúąúć÷ÙćøŤēïàĆúĒôîöćêøåćî 

clc 
clear 
close 
%Import standard photo 
x = imread('Blank 120523-7.jpg'); 
f = ones(3,3)/9;  
i = imfilter(x,f); 
icrop = imcrop(i,[262.51,586.51,284.98,21.98]); %photo pixel determination 
i2 = flip(icrop ,2); %Horizontal flip 
r = mean(i2(:,:,1)); 
g = mean(i2(:,:,2)); 
b = mean(i2(:,:,3)); 
[rgb_r,L_r] = max(r); 
[rgb_g,L_g] = max(g); 
[rgb_b,L_b] = max(b); 
%Convert RGB to HSV 
HSV = rgb2hsv(i2); 
V   = HSV(:,:,3); 
mV  = mean(V); 
%Maximum V value 
Vmaxb = mV(L_b);  
Vmaxg = mV(L_g);  
Vmaxr = mV(L_r);  
%Wavelength 
Wb = 467.5; 
Wg = 542.5; 
DelW  = (Wg-Wb)/(L_g-L_b); 

1 ppm 
3 ppm 

5 ppm 
7 ppm 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหาและต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้
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Wlow  = (Wb-((L_b-1)*DelW):DelW:Wb); 
Whigh = (Wb+DelW:DelW:Wb+((length(mV)-L_b)*DelW)); 
W = [Wlow,Whigh]; 
L = (1:length(mV)); 
if L==L_b 
   W  == Wb; 
   mV == mV(L_b); 
else 
    if L>L_b 
    W  == Wb+((L-L_b)*DelW); 
    mV == mV(L_b+(L-L_b)); 
    elseif L<L_b 
    W  == Wb-((L_b-L)*DelW); 
    mV == mV(L_b-(L_b-L)); 
end 
end 
%New wavelength & V 
start = floor(W(1)); %round to the nearest integer less or equal to W; 
Wnew=zeros(length(W), 1); 
Vnew=zeros(length(mV), 1); 
for i=1:length(W)  
       if i+1 <= length(W) && (W(i)-start <= 1) && (W(i+1)-start > 1) 
           Wnew(i) = start+1; 
           Vnew(i) = mV(i+1)-(((mV(i+1)-mV(i))/(W(i+1)-W(i)))*(W(i+1)-Wnew(i))); 
           start = start+1; 
       elseif i+1 <= length(W) && (W(i)-start > 1) && (W(i+1)-start > 1) 
           Wnew(i) = start+2; 
           Vnew(i) = mV(i+1)-(((mV(i+1)-mV(i))/(W(i+1)-W(i)))*(W(i+1)-Wnew(i))); 
           start = start+2; 
       elseif i+1 > length(W) && (W(i)-start >= 1) 
           Wnew(i)= start+1; 
           Vnew(i)= mV(i); 
           start = start+1; 
       else 
           start = start; 
       end 
end 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหาและต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้
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Wy = Wnew(Wnew>0); 
Vy = Vnew(Vnew>0); 
%Import sample photo 
x_s = imread('Carbo 1ppm-1.jpg');  
f = ones(3,3)/9;  
i_s = imfilter(x_s,f); 
icrop_s = imcrop(i_s,[262.51,586.51,284.98,21.98]); %photo pixel determination 
i2_s = flip(icrop_s,2); %horizontal flip 
r_s = mean(i2_s(:,:,1)); 
g_s = mean(i2_s(:,:,2)); 
b_s = mean(i2_s(:,:,3)); 
[rgb_rs,L_rs] = max(r_s); 
[rgb_gs,L_gs] = max(g_s); 
[rgb_bs,L_bs] = max(b_s); 
%Convert RGB to HSV 
HSV_s = rgb2hsv(i2_s); 
V_s   = HSV_s(:,:,3); 
mV_s  = mean(V_s); 
%Maximum V value 
Vmaxb_s = mV_s(L_bs);  
Vmaxg_s = mV_s(L_gs); 
Vmaxr_s = mV_s(L_rs);  
%wavelength 
Wb_s = 467.5; 
Wg_s = 542.5; 
DelW_s  = (Wg_s-Wb_s)/(L_gs-L_bs); 
Wlow_s  = (Wb_s-((L_bs-1)*DelW_s):DelW_s:Wb_s); 
Whigh_s = (Wb_s+DelW_s:DelW_s:Wb_s+((length(mV_s)-L_bs)*DelW_s)); 
W_s = [Wlow_s,Whigh_s]; 
L_s = (1:length(mV_s)); 
if L_s==L_bs 
    W_s  == Wb_s 
    mV_s == mV_s(L_bs); 
else 
    if L_s>L_bs 
    W_s  == Wb_s+((L_s-L_bs)*DelW_s) 
    mV_s == mV_s(L_bs+(L_s-L_bs)); 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหาและต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้
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    elseif L_s<L_bs 
    W_s  == Wb_s-((L_bs-L_s)*DelW_s) 
    mV_s == mV_s(L_bs-(L_bs-L_s)); 
end 
end 
%New wavelength & V 
start_s = floor(W_s(1)); %round to the nearest integer less or equal to W_s 
Wnew_s=zeros(length(W_s), 1); 
Vnew_s=zeros(length(mV_s), 1); 
for i_s=1:length(W_s)  
       if i_s+1 <= length(W_s) && (W_s(i_s)-start_s <= 1) && (W_s(i_s+1)-start_s > 1) 
           Wnew_s(i_s) = start_s+1; 
           Vnew_s(i_s) = mV_s(i_s+1)-(((mV_s(i_s+1)-mV_s(i_s))/(W_s(i_s+1)-W_s(i_s)))*(W_s(i_s+1)-
Wnew_s(i_s))); 
           start_s = start_s+1; 
       elseif i_s+1 <= length(W_s) && (W_s(i_s)-start_s > 1) && (W_s(i_s+1)-start_s > 1) 
           Wnew_s(i_s) = start_s+2; 
           Vnew_s(i_s) = mV_s(i_s+1)-(((mV_s(i_s+1)-mV_s(i_s))/(W_s(i_s+1)-W_s(i_s)))*(W_s(i_s+1)-
Wnew_s(i_s))); 
           start_s = start_s+2; 
       elseif i_s+1 > length(W_s) && (W_s(i_s)-start_s >= 1) 
           Wnew_s(i_s)= start_s+1; 
           Vnew_s(i_s)= mV_s(i_s); 
           start_s = start_s+1; 
       else 
           start_s = start_s; 
       end 
end 
Wy_s = Wnew_s(Wnew_s>0); 
Vy_s = Vnew_s(Vnew_s>0); 
%Delta V between Blank & Unknown sample 
Wn = ismember(Wy,Wy_s); 
Wplot = Wy(Wn); 
Wn2 = ismember(Wy_s,Wy); 
Wplot2 = Wy_s(Wn2); 
u=unique(Wplot); 
C=[]; 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหาและต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้
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for t1=1:numel(u) 
    C=[C find(Wy==u(t1))]; 
end 
u2=unique(Wplot2); 
C2=[]; 
for t2=1:numel(u2) 
    C2=[C2 find(Wy_s==u2(t2))]; 
end 
Vplot = Vy(C); 
Vplot2 = Vy_s(C2); 
delvy = Vplot-Vplot2; 
delvy_max = max(delvy); 
W_delVmax = Wplot(delvy==delvy_max); 
%Absorbance 
A = zeros(length(delvy), 1); 
for ia = 1:length(delvy); 
A(ia) = log10(Vplot(ia)/Vplot2(ia)); 
end 
A_max = max(A); 
W_Amax = Wplot(A==A_max); 
A_490nm = A(Wplot==490); 
%Plot 
figure 
 subplot(4,3,1); 
imshow(i2); 
 subplot(4,3,2:3); 
plot(Wplot,Vplot,'Black'); 
grid on 
title('Standard sample (Wavelength)'); %graph name 
 subplot(4,3,4); 
imshow(i2_s); 
 subplot(4,3,5:6); 
plot(Wplot2,Vplot2,'Black'); 
grid on 
title('Carbosulfan sample (Wavelength)'); %graph name 
subplot(4,3,7:9); 
plot(Wplot,delvy); 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหาและต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้
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grid on 
title('Delta V'); %graph name 
subplot(4,3,10:12); 
plot(Wplot,A); 
grid on 
title('Absorbance'); %graph name 
out = [L_gs L_bs A_490nm] 
outout = array2table(out) 
 
êćøćÜìĊęǰÙ�1 ÙŠćÖćøéĎéÖúČîĒÿÜ×ĂÜÿćøúąúć÷ÙćøŤēïàĆúĒôîöćêøåćîìĊęÙüćöđ×šö×šîêŠćÜė 

Absorbance of standard Carbosulfan (490 nm) 
Image No. 1 ppm 3 ppm 5 ppm 7 ppm 2 ppm 

1 0.184963 - 0.048952 0.25629 - 
2 0.01479 0.143308 0.192333 0.085552 0.077820 
3 - 0.046118 - 0.161407 0.098544 
4 0.071799 0.192197 0.131173 0.116152 0.110538 
5 0.103685 - 0.011449 0.063356 0.077056 
6 0.136538 0.158622 0.252827 0.101633 0.073777 
7 0.000877 0.149381 0.083955 - - 
8 0.046703 - 0.060124 - 0.120870 
9 0.084753 0.043447 - - 0.110003 

10 0.07185 0.077782 0.153104 - 0.119945 
 AVG 0.079551 0.115836 0.11674 0.130732 0.077820 

Conc. Calculated from calibration curveǰequation 2.43760 

ÖćøÙĈîüèÙŠćÖćøéĎéÖúČîĒÿÜĒúąÖćøüĉđÙøćąĀŤÙüćöđ×šö×šîÝćÖÙŠćÖćøéĎéÖúČîĒÿÜ×ĂÜÿćøúąúć÷

ÙćøŤēïàĆúĒôîöćêøåćî 

0V  ÙČĂǰÙŠćǰV ×ĂÜÿćøúąúć÷ǰ�% ÖøéĂąàĉêĉÖĔîĂąàĉēêĕîĕêøúŤ = 0.1768 

V  ÙČĂǰÙŠćǰV ×ĂÜêĆüĂ÷ŠćÜÿćøúąúć÷ÙćøŤēïàĆúĒôîöćêøåćî (Unknown) = 0.1409 
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ÝćÖÿöÖćøď×ĂÜ Beer-Lambertǰ: 
0log IA
I

  

0logVA
V

  

      ǰǰǰ 0.1768log
0.1409

  

   0.0986  

ÝćÖÖćøÙĈîüèǰĕéšÙŠćÖćøéĎéÖúČîĒÿÜđìŠćÖĆïǰ������ǰîĈĕðüĉđÙøćąĀŤĀćÙüćöđ×šö×šîéšü÷

ÿöÖćøÝćÖÖøćôöćêøåćîǰ : 
y = 0.0077x + 0.0798  

(y - 0.0798)x = 
0.0077

 

           (0.0986 - 0.0798)= 
0.0077

 

2.4416  

ÝćÖÖćøÙĈîüèÿćöćøëìĈîć÷ÙŠćÙüćöđ×šö×šî×ĂÜêĆüĂ÷ŠćÜÿćøúąúć÷ÙćøŤēïàĆúĒôî

öćêøåćîĕéšđìŠćÖĆïǰǰ������ǰppm 
ÙĈîüèÙŠćđðĂøŤđàîêŤÙüćöÙúćéđÙúČęĂîĕéšéĆÜÿöÖćøêŠĂĕðîĊĚǰ� 

ǰ | Measured - Real |%error = ×100
Real

 

| 2.4416 - 2 |%error = ×100
2

 

%error = 22.08  

ÝćÖÖćøÙĈîüèÙŠćđðĂøŤđàĘîÙüćöÙúćéđÙúČęĂîǰöĊÙŠćđìŠćÖĆïǰ�����ǰđðĂøŤđàĘîêŤ
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õćÙñîüÖǰÜ� 
ÖćøìéúĂÜüĉđÙøćąĀŤĒúąđðøĊ÷ïđìĊ÷ïÙŠćÖćøéĎéÖúČîĒÿÜøąĀüŠćÜ

ÿćøÿÖĆéñĆÖÙąîšćìĊęĕöŠñŠćîÖćøĒßŠÿćøúąúć÷ÙćøŤēïàĆúĒôîÖĆï

ÿćøÿÖĆéñĆÖÙąîšćìĊęñŠćîÖćøĒßŠÿćøúąúć÷ÙćøŤēïàĆúĒôî
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êćøćÜìĊęǰÜ�1ǰÖćøÿÖĆéÿćøÙćøŤēïàĆúĒôîÝćÖñĆÖÙąîšć 

 

ú šćÜñ ĆÖÙąî šćé šü÷î ĚĈđðú Šć ǰĒú šüĒïŠÜ

ñĆÖÙąîšćìĊęñŠćîÖćøúšćÜĒúšüĂĂÖđðŨîǰ�ǰßčé 

 

îĈñĆÖÙąîšćìĊęñŠćîÖćøúšćÜĒúšüǰ�ǰßčéöćĒßŠ

Ĕîÿćøúąúć÷ÙćøŤēïàĆúĒôîìĊ ęđÝČĂÝćÜÖĆïîĚĈǰ

Ùüćöđ×šö×šîǰđðŨîđüúćǰ�ǰßĆęüēöÜ 

 

đöČęĂÙøïđüúćǰîĈñĆÖÙąîšćöćêćÖĔĀšĒĀšÜ

đðŨîđüúćǰ�ǰßĆęüēöÜ 

 

îĈñĆÖÙąîšćìĆĚÜǰ�ǰßčéöćĀĆęîàĂ÷ǰēé÷Ē÷Ö

ĀĆęîßčéìĊęĕöŠĕéšñŠćîÖćøĒßŠÿćøúąúć÷ÙćøŤēïàĆú

ĒôîÖŠĂî 

 

đöČęĂĀĆęîñĆÖÙąîšćĒúšüǰĔĀšîĈöćðŦũîúąđĂĊ÷é

éšü÷đÙøČęĂÜðŦũîǰēé÷ðŦũîñĆÖÙąîšćìĊęĕöŠĕéšñŠćîÖćø

ĒßŠÿćøúąúć÷ÙćøŤēïàĆúĒôîÖŠĂî 
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ßĆęÜñĆÖÙąîšćǰĒúąÿćøìĊęîĈöćĔßšÿÖĆéÿćø

ÙćøŤēïàĆúĒôîǰĔÿŠúÜĔîĀúĂéđàîêĉôŗüǰîĈĀúĂé

đàîêĉôŗüđ×šćđÙøČęĂÜđ×÷ŠćÿćøĒúšüîĈđ×šćđÙøČęĂÜðŦũî

đĀüĊę÷Ü 

 

đöČęĂÙøïđüúćðŦũîđĀüĊę÷ÜǰñĆÖÙąîšćÝąđÖĉé

ÖćøĒ÷ÖßĆĚîǰîĈđĂćÿćøÿĊđ×Ċ÷üĔÿéšćîïîöćðøĆï

ðøĉöćêø 

 

ðøĆïðøĉöćêøÿćøĒúšüîĈÿćøöćđ×šćđÙøČęĂÜ

ÿđðÖēêøēôēêøöĉđêĂøŤĒïïóÖóćìĊęðøąéĉþåŤ×ċĚî

đóČęĂüĉđÙøćąĀŤÙŠćÖćøéĎéÖúČîĒÿÜêŠĂĕð 

 

Öćøđ×Ċ÷îēðøĒÖøöǰMATLAB đóČęĂüĉđÙøćąĀŤÙŠćÖćøéĎéÖúČîĒÿÜ×ĂÜÿćøÿÖĆéñĆÖÙąîšć 

clc 
clear 
close 
%Import standard photo 
x = imread('Blank 120523-7.jpg'); 
f = ones(3,3)/9;  
i = imfilter(x,f); 
icrop = imcrop(i,[262.51,586.51,284.98,21.98]); %photo pixel determination 
i2 = flip(icrop ,2); %Horizontal flip 
r = mean(i2(:,:,1)); 
g = mean(i2(:,:,2)); 
b = mean(i2(:,:,3)); 
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[rgb_r,L_r] = max(r); 
[rgb_g,L_g] = max(g); 
[rgb_b,L_b] = max(b); 
%Convert RGB to HSV 
HSV = rgb2hsv(i2); 
V   = HSV(:,:,3); 
mV  = mean(V); 
%Maximum V value 
Vmaxb = mV(L_b);  
Vmaxg = mV(L_g);  
Vmaxr = mV(L_r);  
%Wavelength 
Wb = 467.5; 
Wg = 542.5; 
DelW  = (Wg-Wb)/(L_g-L_b); 
Wlow  = (Wb-((L_b-1)*DelW):DelW:Wb); 
Whigh = (Wb+DelW:DelW:Wb+((length(mV)-L_b)*DelW)); 
W = [Wlow,Whigh]; 
L = (1:length(mV)); 
if L==L_b 
   W  == Wb; 
   mV == mV(L_b); 
else 
    if L>L_b 
    W  == Wb+((L-L_b)*DelW); 
    mV == mV(L_b+(L-L_b)); 
    elseif L<L_b 
    W  == Wb-((L_b-L)*DelW); 
    mV == mV(L_b-(L_b-L)); 
end 
end 
%New wavelength & V 
start = floor(W(1)); %round to the nearest integer less or equal to W; 
Wnew=zeros(length(W), 1); 
Vnew=zeros(length(mV), 1); 
for i=1:length(W)  
       if i+1 <= length(W) && (W(i)-start <= 1) && (W(i+1)-start > 1) 
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           Wnew(i) = start+1; 
           Vnew(i) = mV(i+1)-(((mV(i+1)-mV(i))/(W(i+1)-W(i)))*(W(i+1)-Wnew(i))); 
           start = start+1; 
       elseif i+1 <= length(W) && (W(i)-start > 1) && (W(i+1)-start > 1) 
           Wnew(i) = start+2; 
           Vnew(i) = mV(i+1)-(((mV(i+1)-mV(i))/(W(i+1)-W(i)))*(W(i+1)-Wnew(i))); 
           start = start+2; 
       elseif i+1 > length(W) && (W(i)-start >= 1) 
           Wnew(i)= start+1; 
           Vnew(i)= mV(i); 
           start = start+1; 
       else 
           start = start; 
       end 
end 
Wy = Wnew(Wnew>0); 
Vy = Vnew(Vnew>0); 
%Import sample photo 
x_s = imread('Kana-1.jpg');  
f = ones(3,3)/9;  
i_s = imfilter(x_s,f); 
icrop_s = imcrop(i_s,[262.51,586.51,284.98,21.98]); %photo pixel determination 
i2_s = flip(icrop_s,2); %horizontal flip 
r_s = mean(i2_s(:,:,1)); 
g_s = mean(i2_s(:,:,2)); 
b_s = mean(i2_s(:,:,3)); 
[rgb_rs,L_rs] = max(r_s); 
[rgb_gs,L_gs] = max(g_s); 
[rgb_bs,L_bs] = max(b_s); 
%Convert RGB to HSV 
HSV_s = rgb2hsv(i2_s); 
V_s   = HSV_s(:,:,3); 
mV_s  = mean(V_s); 
%Maximum V value 
Vmaxb_s = mV_s(L_bs);  
Vmaxg_s = mV_s(L_gs); 
Vmaxr_s = mV_s(L_rs);  
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%wavelength 
Wb_s = 467.5; 
Wg_s = 542.5; 
DelW_s  = (Wg_s-Wb_s)/(L_gs-L_b); 
Wlow_s  = (Wb_s-((L_b-1)*DelW_s):DelW_s:Wb_s); 
Whigh_s = (Wb_s+DelW_s:DelW_s:Wb_s+((length(mV_s)-L_b)*DelW_s)); 
W_s = [Wlow_s,Whigh_s]; 
L_s = (1:length(mV_s)); 
if L_s==L_b 
    W_s  == Wb_s 
    mV_s == mV_s(L_b); 
else 
    if L_s>L_b 
    W_s  == Wb_s+((L_s-L_b)*DelW_s) 
    mV_s == mV_s(L_b+(L_s-L_b)); 
    elseif L_s<L_b 
    W_s  == Wb_s-((L_b-L_s)*DelW_s) 
    mV_s == mV_s(L_b-(L_b-L_s)); 
end 
end 
%New wavelength & V 
start_s = floor(W_s(1)); %round to the nearest integer less or equal to W_s 
Wnew_s=zeros(length(W_s), 1); 
Vnew_s=zeros(length(mV_s), 1); 
for i_s=1:length(W_s)  
       if i_s+1 <= length(W_s) && (W_s(i_s)-start_s <= 1) && (W_s(i_s+1)-start_s > 1) 
           Wnew_s(i_s) = start_s+1; 
           Vnew_s(i_s) = mV_s(i_s+1)-(((mV_s(i_s+1)-mV_s(i_s))/(W_s(i_s+1)-W_s(i_s)))*(W_s(i_s+1)-
Wnew_s(i_s))); 
           start_s = start_s+1; 
       elseif i_s+1 <= length(W_s) && (W_s(i_s)-start_s > 1) && (W_s(i_s+1)-start_s > 1) 
           Wnew_s(i_s) = start_s+2; 
           Vnew_s(i_s) = mV_s(i_s+1)-(((mV_s(i_s+1)-mV_s(i_s))/(W_s(i_s+1)-W_s(i_s)))*(W_s(i_s+1)-
Wnew_s(i_s))); 
           start_s = start_s+2; 
       elseif i_s+1 > length(W_s) && (W_s(i_s)-start_s >= 1) 
           Wnew_s(i_s)= start_s+1; 
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           Vnew_s(i_s)= mV_s(i_s); 
           start_s = start_s+1; 
       else 
           start_s = start_s; 
       end 
end 
Wy_s = Wnew_s(Wnew_s>0); 
Vy_s = Vnew_s(Vnew_s>0); 
%Delta V between Blank & Unknown sample 
Wn = ismember(Wy,Wy_s); 
Wplot = Wy(Wn); 
Wn2 = ismember(Wy_s,Wy); 
Wplot2 = Wy_s(Wn2); 
u=unique(Wplot); 
C=[]; 
for t1=1:numel(u) 
    C=[C find(Wy==u(t1))]; 
end 
u2=unique(Wplot2); 
C2=[]; 
for t2=1:numel(u2) 
    C2=[C2 find(Wy_s==u2(t2))]; 
end 
Vplot = Vy(C); 
Vplot2 = Vy_s(C2); 
delvy = Vplot-Vplot2; 
delvy_max = max(delvy); 
W_delVmax = Wplot(delvy==delvy_max); 
%Absorbance 
A = zeros(length(delvy), 1); 
for ia = 1:length(delvy); 
A(ia) = log10(Vplot(ia)/Vplot2(ia)); 
end 
A_max = max(A); 
W_Amax = Wplot(A==A_max); 
A_490nm = A(Wplot==490); 
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%Plot 
figure 
 subplot(4,3,1); 
imshow(i2); 
 subplot(4,3,2:3); 
plot(Wplot,Vplot,'Black'); 
grid on 
title('Standard sample (Wavelength)'); %graph name 
 subplot(4,3,4); 
imshow(i2_s); 
 subplot(4,3,5:6); 
plot(Wplot2,Vplot2,'Black'); 
grid on 
title('Carbosulfan sample (Wavelength)'); %graph name 
subplot(4,3,7:9); 
plot(Wplot,delvy); 
grid on 
title('Delta V'); %graph name 
subplot(4,3,10:12); 
plot(Wplot,A); 
grid on 
title('Absorbance'); %graph name 
figure 
plot(Wy,Vy); 
hold on 
plot(Wy_s,Vy_s); 
hold off 
out = [L_gs L_bs A_490nm] 
outout = array2table(out) 
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