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Extended derivation of the mathematical expression in section “A hypothetical cell model 

illustrating effects of noise on ratio values”:  
 

𝑠𝐹𝑥 + 𝑏𝐹 + 𝑛𝐹
𝑠𝐷𝑥 + 𝑏𝐷 + 𝑛𝐷

=
𝑠𝐹 (𝑥 +

𝑏𝐷
𝑠𝐷
) + (𝑏𝐹 − 𝑠𝐹

𝑏𝐷
𝑠𝐷
) + 𝑛𝐹

𝑠𝐷 (𝑥 +
𝑏𝐷
𝑠𝐷
) + 𝑛𝐷

 

 

Here, the first step is to add (𝑠𝐹
𝑏𝐷

𝑠𝐷
− 𝑠𝐹

𝑏𝐷

𝑠𝐷
), which is zero, to the numerator and multiply 𝑏𝐷 by 

𝑠𝐷

𝑠𝐷
, which is one, in the denominator. Second step is combining terms. The last step is taking 𝑠𝐹 

and 𝑠𝐷 out of brackets: 

 

𝑠𝐹𝑥 + 𝑏𝐹 + 𝑛𝐹
𝑠𝐷𝑥 + 𝑏𝐷 + 𝑛𝐷

=
𝑠𝐹𝑥 + (𝑠𝐹

𝑏𝐷
𝑠𝐷

− 𝑠𝐹
𝑏𝐷
𝑠𝐷
) + 𝑏𝐹 + 𝑛𝐹

𝑠𝐷𝑥 +
𝑠𝐷
𝑠𝐷

𝑏𝐷 + 𝑛𝐷
=
𝑠𝐹𝑥 + 𝑠𝐹

𝑏𝐷
𝑠𝐷

− 𝑠𝐹
𝑏𝐷
𝑠𝐷

+ 𝑏𝐹 + 𝑛𝐹

𝑠𝐷𝑥 +
𝑠𝐷
𝑠𝐷

𝑏𝐷 + 𝑛𝐷

=
(𝑠𝐹𝑥 + 𝑠𝐹

𝑏𝐷
𝑠𝐷
) + (−𝑠𝐹

𝑏𝐷
𝑠𝐷

+ 𝑏𝐹) + 𝑛𝐹

(𝑠𝐷𝑥 +
𝑠𝐷
𝑠𝐷

𝑏𝐷) + 𝑛𝐷
=
𝑠𝐹 (𝑥 +

𝑏𝐷
𝑠𝐷
) + (𝑏𝐹 − 𝑠𝐹

𝑏𝐷
𝑠𝐷
) + 𝑛𝐹

𝑠𝐷 (𝑥 +
𝑏𝐷
𝑠𝐷
) + 𝑛𝐷

 

 

 

Extended derivation of the mathematical expression in section “Use of a noise correction 

factor; identification and correction of artifacts without using direct background subtraction”:  
 

𝑅𝑎𝑡𝑖𝑜(𝑥, 𝑦) =
𝑖𝑚𝑎𝑔𝑒1(𝑥, 𝑦)

𝑖𝑚𝑎𝑔𝑒2(𝑥, 𝑦)
=
𝑎0(𝑆2(𝑥, 𝑦) + 𝐵2) + (𝐵1 − 𝑎0𝐵2) + 𝑁1(𝑥, 𝑦)

(𝑆2(𝑥, 𝑦) + 𝐵2) + 𝑁2(𝑥, 𝑦)
 

 

Here, the first step is to add (𝑎0𝐵2 − 𝑎0𝐵2), which is zero, to the numerator and combine the terms 

as highlighted in cyan and gray. The last step is taking 𝑎0 out of brackets: 

 

𝑅𝑎𝑡𝑖𝑜(𝑥, 𝑦) =
𝑖𝑚𝑎𝑔𝑒1(𝑥, 𝑦)

𝑖𝑚𝑎𝑔𝑒2(𝑥, 𝑦)
=
𝑎0𝑆2(𝑥, 𝑦) + 𝐵1 + 𝑁1(𝑥, 𝑦)

𝑆2(𝑥, 𝑦) + 𝐵2 + 𝑁2(𝑥, 𝑦)

=
𝑎0𝑆2(𝑥, 𝑦) + 𝑎0𝐵2 − 𝑎0𝐵2 + 𝐵1 + 𝑁1(𝑥, 𝑦)

𝑆2(𝑥, 𝑦) + 𝐵2 + 𝑁2(𝑥, 𝑦)

=
𝑎0𝑆2(𝑥, 𝑦) + 𝑎0𝐵2 − 𝑎0𝐵2 + 𝐵1 + 𝑁1(𝑥, 𝑦)

𝑆2(𝑥, 𝑦) + 𝐵2 + 𝑁2(𝑥, 𝑦)

=
𝑎0(𝑆2(𝑥, 𝑦) + 𝐵2) + (𝐵1 − 𝑎0𝐵2) + 𝑁1(𝑥, 𝑦)

(𝑆2(𝑥, 𝑦) + 𝐵2) + 𝑁2(𝑥, 𝑦)
 


