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formulas (EQ. s 1 to 12) 

𝐻 = tan(
3(𝐺 − 𝐵)

(𝑅 − 𝐺) + (𝑅 − 𝐵)
) 1 

𝑆 = 1 −
min(𝑅, 𝐺, 𝐵)

𝑉
 2 

𝑉 =
𝑅 + 𝐺 + 𝐵

3
 3 

𝑔(𝑥, 𝑦; 𝜆, 𝜃, 𝜓, 𝜎, 𝛾) = ex p(−
𝑥′2 + 𝛾2𝑦′2

2𝜎2
) ex p (𝑖 (2𝜋

𝑥′

𝜆
+ 𝜓))  4 

𝑔(𝑥, 𝑦; 𝜆, 𝜃, 𝜓, 𝜎, 𝛾) = exp(−
𝑥′2 + 𝛾2𝑦′2

2𝜎2
) cos (𝑖 (2𝜋

𝑥′

𝜆
+ 𝜓)) 5 

𝑔(𝑥, 𝑦; 𝜆, 𝜃, 𝜓, 𝜎, 𝛾) = exp(−
𝑥′2 + 𝛾2𝑦′2

2𝜎2
) sin (𝑖 (2𝜋

𝑥′

𝜆
+ 𝜓)) 6 

𝑥′ = 𝑥 cos 𝜃 + 𝑦𝑠𝑖𝑛𝜃 , 𝑦′ = −𝑥𝑠𝑖𝑛𝜃 + 𝑦𝑐𝑜𝑠𝜃 7,8 

𝐺𝑐[𝑖, 𝑗] = 𝐵𝑒
−
(𝑖2+𝑗2)

2𝜎2 cos(2𝜋𝑓(𝑖 𝑐𝑜𝑠𝜃 + 𝑗 𝑠𝑖𝑛𝜃)) 9 

𝐺𝑠[𝑖, 𝑗] = 𝐶𝑒
−
(𝑖2+𝑗2)

2𝜎2 sin(2𝜋𝑓(𝑖 𝑐𝑜𝑠𝜃 + 𝑗 𝑠𝑖𝑛𝜃)) 10 

𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 = 𝑅𝑒𝑐𝑎𝑙𝑙 =
𝑇𝑟𝑢𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒

𝑇𝑟𝑢𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒 + 𝐹𝑎𝑙𝑠𝑒 𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒
 11 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑇𝑟𝑢𝑒 𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒 + 𝑇𝑟𝑢𝑒 𝑃𝑜𝑠𝑒𝑡𝑖𝑣𝑒

𝑇𝑜𝑡𝑎𝑙𝑙 𝐶𝑎𝑠𝑒𝑠
 12 
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. 

Type Num Sensitivity 

Falciparum.schizont 40 88.93% 

Falciparum.trophozoite 38 90.49% 

Falciparum.gametocyte 37 93.99% 

Ovale.schizont 37 89.35% 

Ovale.trophozoite 39 98.72% 

Ovale.gametocyte 39 96.23% 

Vivax. Schizont 38 99.54% 

Vivax. trophozoite 38 98.9% 

Vivax.gametocyte 40 94.88% 

Non-infected  38 93.38% 

Type Num Accuracy 

Falciparum.schizont 40 98.98% 

Falciparum.trophozoite 38 99.57% 

Falciparum.gametocyte 37 98.99% 

Ovale.schizont 37 99.36% 

Ovale.trophozoite 39 99.78% 

Ovale.gametocyte 39 99.93% 

Vivax. Schizont 38 99.94% 

Vivax. trophozoite 38 99.98% 

Vivax.gametocyte 40 99.79% 

Non-infected  38 98.59% 

. 

Optimizer Learning rate Initial learning 

rate 

Decay 

rate 

Decay 

steps 

Loss Epoch Batch size 

Adam Exponentially decay 0.0005 0.94 66 Cross entropy 80 30 
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Type Num ANN CNN 

Falciparum 115 91.13% 99.18% 

Ovale 115 94.76 % 99.69 % 

Vivax 116 99.43% 99.90% 
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. .

Model Accuracy Sensitivity Specificity Precision Recall F-Score MMC 

ANN 95.11% 95.10% 95.12% 91.15% 95.10% 93.08% 94.20% 

CNN 99.59% 99.58% 99.59% 95.62% 99.58% 97.56% 98.68% 
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