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1. Introduction 



2. Multi-Objective Problem 

Formulation  

2.1. Multi-Objective Function  

𝑤1 𝑤2 𝑤3

𝑤4 𝑤5

𝑤2 𝑤3 𝑤4

𝑤1

𝑀𝑂𝐹

= Max⁡∑  

𝑁𝐵𝐹

𝑖=1

∑  

𝑁𝐵𝑀𝑟

𝑗=2

(

𝑤1 ⋅ 𝐴𝑃𝐿𝐿𝑖,𝑗 + 𝑤2 ⋅ 𝑉𝐷𝐿𝑗
+𝑤3 ⋅ 𝐼𝑆𝐶𝐿𝑖,𝑗 + 𝑤4 ⋅ 𝑁𝑆𝐿𝑖,𝑗

+𝑤5 ⋅ 𝐸𝑃𝑅𝐿𝐺

)

𝐴𝑃𝐿𝐿 =
𝑃Loss 

Without 𝐷𝐺

𝑃Loss 
Withot 𝐷𝐺 + 𝑃Loss 

With 𝐷𝐺
× 100

 
𝑉𝐷𝐿 =

𝑉𝐷Without 𝐷𝐺

𝑉𝐷Without 𝐷𝐺 + 𝑉𝐷With 𝐷𝐺

× 100

𝑆𝐶𝐿 =
𝑆𝐶With 𝐷𝐺 − 𝑆𝐶Without 𝐷𝐺

𝑆𝐶Without 𝐷𝐺

× 100

𝑁𝑆𝐿 =
𝐴𝐿𝐶Without 𝐷𝐺 − 𝐴𝐿𝐶𝑊ith 𝐷𝐺

𝐴𝐿𝐶Without 𝐷𝐺

× 100

𝑃𝑅𝐿 =
𝑃𝐸With 𝐷𝐺

𝑃𝐸Without 𝐷𝐺 + 𝑃𝐸AWith 𝐷𝐺

× 100

𝑃Loss = 𝑅𝑖𝑗
(𝑃𝑖𝑗

2 + 𝑄𝑖𝑗
2 )

𝑉2

𝐶 = 𝑃Loss × 𝐾𝑝 × 𝑇

𝐶𝑆 =
𝑉𝑗

𝑍𝑖𝑗

𝑉𝐷 = |1 − 𝑉𝑗|

𝑃𝐸 = 𝐸𝐺𝑔 ∙ 𝐴𝐸𝑔

2.2. Power Balance and Distribution 

Line Constraint 

𝑃𝐺 + 𝑃𝐷𝐺 = 𝑃𝐷 + 𝑃Loss 



𝑄𝐺 = 𝑄𝐷 + 𝑄Loss 

𝑉𝑚𝑖𝑛 ≤ |𝑉𝑖| ≤ 𝑉𝑚𝑎𝑥

|𝑉1 − 𝑉𝑗| ≤ Δ𝑉𝑚𝑎𝑥

|𝑆𝑖𝑗| ≤ |𝑆𝑚𝑎𝑥|

2.3. PV-DG Constraints   

𝑃𝑃𝑉−𝐷𝐺
𝑚𝑖𝑛 ≤ 𝑃𝑃𝑉−𝐷𝐺 ≤ 𝑃𝑃𝑉−𝐷𝐺

𝑚𝑎𝑥

2 ≤ 𝑃𝑉 − 𝐷𝐺𝑃𝑜𝑠𝑖𝑡𝑖𝑜𝑛 ≤ 𝑁𝐵𝑢𝑠

𝑁𝑃𝑉−𝐷𝐺 ≤ 𝑁𝑃𝑉−𝐷𝐺⋅𝑚𝑎𝑥

𝑛𝐷𝐺,𝑖/ Location ≤ 1

3. Overview TVA-PSO Algorithm 

3.1. Basic PSO algorithm 

𝑉𝑖
𝑘+1 = 𝑤 ⋅ 𝑉𝑖

𝑘 + 𝑐1𝑟1[𝑃𝑏𝑒𝑠𝑡
𝑘 − 𝑋𝑖

𝑘]

+ 𝑐2𝑟2[𝐺𝑏𝑒𝑠𝑡
𝑘 − 𝑋𝑖

𝑘]

𝑋𝑖
𝑘+1 = 𝑋𝑖

𝑘 + 𝑉𝑖
𝑘+1

𝑤 = 𝑤𝑚𝑎𝑥 − (𝑤𝑚𝑎𝑥 − 𝑤𝑚𝑖𝑛) (
𝑘

𝑘𝑚𝑎𝑥

)

3.2. Time-Varying Acceleration PSO 

algorithm 

𝑐1 = 𝑐1𝑖 + (
𝑐1𝑓 − 𝑐1𝑖

𝑘𝑚𝑎𝑥

) ⋅ 𝑘

𝑐2 = 𝑐2𝑖 + (
𝑐2𝑓 − 𝑐2𝑖

𝑘𝑚𝑎𝑥

) ⋅ 𝑘

4. Results, Discussion and 

Comparison 

??? 
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5. Conclusions  

6. Nomenclature   

δ
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