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𝑈(%)

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 





 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 







 

 





 

 

 

 



 

 







 

 

 





 





 



𝑌 = √𝑅2 + 𝐺2 + 𝐵2
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𝛾

𝛾



𝛾



 







 



𝑔(𝑥, 𝑦)

𝑔(𝑥, 𝑦) =  {
1 𝑠𝑖 𝑓(𝑥, 𝑦) > 𝑇

0 𝑠𝑖 𝑓(𝑥, 𝑦) ≤ 𝑇

𝑓(𝑥, 𝑦)



   



𝐴 ⊖ 𝐵 = {𝑧|(𝐵)𝑧 ⊆ 𝐴}

𝐴 ⊕ 𝐵 = {[𝑧|(𝐵)𝑧⋂ 𝐴] ⊆ 𝐴}



𝐴

𝑋0

𝐴



𝑋0

𝑋𝑘 = (𝑋𝑘−1 ⊕ 𝐵) ∩ 𝐴      𝑘 = 1, 2, 3, …

𝐵

𝑋𝑘 =  𝑋𝑘−1

 



 

 



 





 





 

 



(𝑛, 𝑘) 𝑛

𝑘

𝑛 − 𝑘

𝑡 𝑡 = (𝑛 − 𝑘)/2 

𝑚

 

𝛼

0, 𝛼0, 𝛼1, 𝛼2, … , 𝛼𝑁−1 2𝑚 𝑁 =

 2𝑚 − 1 𝐺𝐹(2𝑚)

𝑝(𝑥) 𝑚

𝐺𝐹(16)

𝑝(𝑥) =  𝑥4 + 𝑥 + 1



𝑝(𝑥)

(𝑛, 𝑘) 𝑔(𝑥)

𝑛 − 𝑘 = 2𝑡

𝑔(𝑥) = (𝑥 + 𝛼𝑏)(𝑥 + 𝛼𝑏+1) … (𝑥 + 𝛼𝑏+2𝑡−1)

𝑏 = 0

 

𝑘

𝑀(𝑥) 𝑘 − 1

𝑀(𝑥) =  𝑀𝑘−1𝑥𝑘−1 + ⋯ + 𝑀1𝑥 + 𝑀0

𝑀𝑘−1, … , 𝑀1, 𝑀0 𝑚

𝐺𝐹(2𝑚)

𝑇(𝑥)

𝑇(𝑥) = 𝑀(𝑥)𝑥𝑛−𝑘 + 𝑟(𝑥)

𝑛 − 𝑘

𝑟(𝑥)



𝑀(𝑥)𝑥𝑛−𝑘

𝑔(𝑥)
= 𝑞(𝑥) +

𝑟(𝑥)

𝑔(𝑥)

𝑟(𝑥) 𝑀(𝑥)𝑥𝑛−𝑘

𝑔(𝑥)

 

𝑇(𝑥)

𝑅(𝑥)

𝑅(𝑥) = 𝑇(𝑥) + 𝐸(𝑥)

𝐸(𝑥)

𝐸(𝑥) =  𝐸𝑛−1𝑥𝑛−1 + ⋯ + 𝐸1𝑥 + 𝐸0

𝐸𝑛−1, … , 𝐸1, 𝐸0 𝑚

𝐺𝐹(2𝑚)

𝑥 𝑡 = (𝑛 − 𝑘)/2

𝐸

𝑅(𝑥)

(𝑥 + 𝛼𝑖)

𝑅(𝑥)

𝑥 + 𝛼𝑖
= 𝑄𝑖(𝑥) +

𝑆𝑖

𝑥 + 𝛼𝑖
     𝑝𝑎𝑟𝑎 𝑖 ≤ 2𝑡 − 1

𝑆𝑖 𝑅(𝑥)

𝑅(𝛼𝑖) = 𝐸(𝛼𝑖) = 𝑆𝑖



𝑆𝑖 = (… (𝑅𝑛−1𝛼𝑖 + 𝑅𝑛−2)𝛼𝑖 + ⋯ + 𝑅1)𝛼𝑖 + 𝑅0

𝑅𝑛−1, … , 𝑅0

𝛼𝑖

𝑆𝑖 = 𝐸(𝛼𝑖) = 𝑌1𝛼𝑖𝑒1 + 𝑌2𝛼𝑖𝑒2 + ⋯ + 𝑌𝑣𝛼𝑖𝑒𝑣

𝑒1, … , 𝑒𝑣

𝑥 𝑌1, … , 𝑌𝑣

𝑣 ≤ 𝑡

𝑆𝑖 = 𝐸(𝛼𝑖) = 𝑌1𝑋1
𝑖 + 𝑌2𝑋2

𝑖 + ⋯ + 𝑌𝑣𝑋𝑣
𝑖

𝑋1
𝑖 = 𝛼𝑖𝑒1 , … , 𝑋𝑣

𝑖 = 𝛼𝑖𝑒𝑣

𝑒1, … , 𝑒𝑣

𝑌1, … , 𝑌𝑣

Λ(𝑥)

Λ(𝑥) = (1 + 𝑋1𝑥)(1 + 𝑋2𝑥) … (1 + 𝑋𝑣𝑥)

Λ(𝑥) = 1 + Λ1𝑥 + ⋯ + Λ𝑣−1𝑥𝑣−1 + Λ𝑣𝑥𝑣

𝑣



𝑣

𝛼𝑖, 0 ≤ 𝑖 ≤ 𝑛 − 1

𝑋1
𝑖 =

𝛼𝑖𝑒1 , … , 𝑋𝑣
𝑖 = 𝛼𝑖𝑒𝑣

𝑌1, … , 𝑌𝑣

 𝑋𝑗 𝑌𝑗

𝑅(𝑥) 𝐸(𝑥)
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 𝑤𝑚 = 𝑤/7 

 
𝑑 = 𝐿/𝑤𝑚 

 

 

 

 



 



 

 

 

 

 

 

 

 

 





 

 





 

 





 

 

 

 

   

 

 

 

 





 

 

 

 
 

 

 

 
 

 



 



 

 

 

 
 

 
 

 

 



 

𝑈(%)

𝑈(%)

𝑈(%)



𝑈(%)
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𝑌 = 𝑟𝑒𝑑𝑜𝑛𝑑𝑒𝑎𝑟(0.299𝑅 + 0.587𝐺 + 0.114𝐵)





 



 







 



 

𝑈(%)



 







 





 

 







 

 





 

 





 

𝑆𝑚

𝑆𝑚



 



𝑟𝑔𝑏𝑐 =
255

(𝑟𝑔𝑏𝑤 − 𝑟𝑔𝑏𝑏)
(𝑟𝑔𝑏𝑚 − 𝑟𝑔𝑏𝑏)



 



α

α,



𝛼 =  tan−1 (
𝑏𝑚 − 𝑏𝑠

1 + 𝑎𝑚𝑎𝑠

)

𝑝2 = (𝑝1 + 𝑝𝑜) cos(−𝛼) − (𝑚1 − 𝑚𝑜) sin(−𝛼) + 𝑝𝑜

𝑚2 = (𝑝1 − 𝑝𝑜) sin(−𝛼) + (𝑚1 − 𝑚𝑜) cos(−𝛼) + 𝑝𝑜
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Application
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Platform

Identification &
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information

system
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File storage
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Object storage

QR Code Scanner

& Data Viewer

QR Analyzer

QR Code
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𝜎 𝜎



 







 



 



Samples 
Standard 

method 

Proposed 

method 
Spiked Total Found Recovery % 

Glucose content, µM 

Serum 1 11 ± 2.1 0.00 200 210.2 105.1 

Serum 2 14 ± 0.9 0.00 500 516.6 103.3 

Serum 3 11 ± 4.2 0.00 800 806.3 100.8 

Sweat 1 134 ± 4.8 139.2 200 356.3 105.0 

Sweat 2 138 ± 2.5 139.2 500 729.0 114.0 

Sweat 3 138 ± 3.2 139.2 800 1037.7 110.5 

Lactate content, µM 

Serum 1 235 ± 3.8 239 200 405.5 92.4 

Serum 2 240 ± 1.5 239 500 742.4 100.5 

Serum 3 241 ± 2.2 239 800 1075.8 103.6 



Sweat 1 134 ± 2.1 135 200 321.0 95.8 

Sweat 2 135 ± 1.2 135 500 602.0 94.8 

Sweat 3 133 ± 4.0 135 800 859.4 91.9 

Samples 
Standard 

method 

Proposed 

method 
Spiked Total Found Recovery % 

Glucose content, µM 

Serum 1 5 ± 1.1 0.00 200 235.0 117.5 

Serum 2 9 ± 2.5 0.00 500 502.3 100.5 

Serum 3 11 ± 2.1 0.00 800 816.3 102.0 

Sweat 1 135 ± 3.8 139.2 200 423.7 105.6 

Sweat 2 135 ± 4.1 139.2 500 783.2 111.7 

Sweat 3 139 ± 1.1 139.2 800 1118.9 111.7 

Lactate content, µM 

Serum 1 239 ± 1.2 239 200 405.5 92.4 

Serum 2 238 ± 1.8 239 500 742.4 100.5 

Serum 3 242 ± 1.0 239 800 1075.8 103.6 

Sweat 1 136 ± 4.1 135 200 321.0 95.8 

Sweat 2 131 ± 2.0 135 500 602.0 94.8 

Sweat 3 135 ± 1.0 135 800 859.4 91.9 

 



 

  



 



 

 



 

 





 

 

 



 



𝐼𝑛𝑜𝑟𝑚 =  
𝐼𝑟𝑎𝑡 − 𝐼𝑠𝑒𝑛𝑠𝑜𝑟

255

𝐼𝑛𝑜𝑟𝑚 𝐼𝑟𝑎𝑡 𝐼𝑠𝑒𝑛𝑠𝑜𝑟
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CO2

 

 



 





 

 





 

 



 



 



 



 
 

 

 

 

 

 

 

 



 



 

𝑆𝑁𝑅 =  
𝐼𝑎𝑛𝑎𝑙𝑖𝑡𝑜

𝜎

𝐿𝑂𝐷 =  
3𝜎

𝑎

𝐼𝑎𝑛𝑎𝑙𝑖𝑡𝑜 𝜎

𝑎



 

 

 

  



 

Ω·

 



 



 

  



𝜆 

 

 



 

 



𝐼 = 𝑎𝐶 + 𝑏 𝐼

𝐶 𝑎

𝑏

𝑎

𝝈

𝜎



 



𝐼𝑠𝑒𝑛𝑠𝑜𝑟
𝑟𝑎𝑡 =

𝐼𝑠𝑒𝑛𝑠𝑜𝑟
𝐵 − 𝐼𝑝𝑎𝑝𝑒𝑙

𝐵

𝐼𝑟𝑎𝑡
𝑅

𝐼𝑠𝑒𝑛𝑠𝑜𝑟
𝑟𝑎𝑡 𝐼𝑠𝑒𝑛𝑠𝑜𝑟

𝐵

𝐼𝑝𝑎𝑝𝑒𝑙
𝐵

𝐼𝑟𝑎𝑡
𝑅



𝝈

𝐶 = 𝐼𝑎′ + 𝑏′ 𝑎′ = 1/𝑎

𝑏′ = 𝑏/𝑎

𝑎′

𝑏′

 



𝐼𝑠𝑒𝑛𝑠𝑜𝑟
𝐵

 𝐼𝑝𝑎𝑝𝑒𝑙
𝐵 𝐼𝑟𝑎𝑡

𝑅

𝐶𝑒𝑠𝑡 𝐶𝑑



𝑪𝒅(𝝁𝑴) 𝑰𝒑𝒂𝒑𝒆𝒍
𝑩 𝑰𝒓𝒂𝒕

𝑹 𝑰𝒔𝒆𝒏𝒔𝒐𝒓
𝑩 𝑰𝒔𝒆𝒏𝒔𝒐𝒓

𝒓𝒂𝒕 𝑪𝒆𝒔𝒕(𝝁𝑴)
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