












Begin

Create an initialize: 

While (stop condition is false)

Begin

Evaluation

Update velocity and position

Mutation 

End

End





Layer Thickness (m) 50%

Search Space

VP 

(m/s)

50%

Search Space

VS 

(m/s)

50%

Search Space

Density 

(kg/m
3
)

Model A 1 30 15-45 500 250-750 200 100-300 1800

2 Half-space 1600 800-2400 800 400-1200 2000



Model A True model SD RE (%)

50% Search Space

H1(m) 30 29.8 0.67 0.67

VS1(m/s) 200 200.5 1.35 0.25

VS2(m/s) 800 803.3 14.31 0.41

50% Search Space

with 10% Gaussian noise

H1(m) 30 29.4 0.84 2.00

VS1(m/S) 200 200.7 1.49 0.35

VS2(m/S) 800 779.6 7.69 2.55

50% Search Space

Joint with First Higher Mode

H1(m) 30 30.0 0.00 0.00

VS1(m/S) 200 200 0.0 0.00

VS2(m/S) 800 812.1 6.52 1.51



Layer Thickness (m) 50%

Search Space

Vp 

(m/s)

50%

Search Space

Vs 

(m/s)

50%

Search Space

Density 

(kg/m3)

Model B 1 20 10-30 600 300-900 200 100-300 1800

2 10 5-15 900 450-1350 300 150-450 1900

3 30 15-45 1200 600-1800 400 200-600 1900

4 50 25-75 1800 900-2700 600 300-900 2000

5 Half-space ------ 3000 1500-4500 1000 500-1500 2100

Model C 1 10 5-15 600 300-900 200 100-3-- 1800

2 20 10-30 450 225-675 150 75-225 1900

3 30 15-45 900 450-1350 300 150-450 1900

4 50 25-75 1500 750-2250 500 250-750 2000

5 Half-space ------ 2400 1200-3600 800 400-1200 2100

Model D 1 10 5-15 450 225-675 150 75-225 1800

2 20 10-30 750 375-1125 250 125-375 1900

3 30 15-45 600 300-900 200 100-300 1900

4 50 25-75 1500 750-2250 500 250-750 2000

5 Half-space ------ 2400 1200-3600 800 400-1200 2100

Model True model SD
RE 

(%)

Model B) Fundamental Mode

H1(m) 20 19.6 2.6 1.75

H2(m) 10 10.2 2.4 2.40

H3(m) 30 31.2 6.8 4.17

H4(m) 50 48.2 14.7 3.60

Vs1(m/s) 200 200.4 0.8 0.20

Vs2(m/s) 300 312.7 36.8 4.23

Vs3(m/s) 400 407.2 27.3 1.80

Vs4(m/s) 600 625.8 34.9 4.30

Vs5(m/s) 1000 1005.2 7.9 0.53

Model B) Fundamental Mode with 10% Gaussian 

noise

H1(m) 20 20.9 2.2 4.50

H2(m) 10 10.6 4.3 6.00

H3(m) 30 29.5 10.0 1.67

H4(m) 50 55.3 18.3 10.60

Vs1(m/s) 200 200.1 0.6 0.05

Vs2(m/s) 300 343.9 74.9 14.63

Vs3(m/s) 400 404.9 51.1 1.22

Vs4(m/s) 600 625.4 106.3 4.23

Vs5(m/s) 1000 1026.9 26.9 2.69

Model B) Joint with First Higher Mode

H1(m) 20 20.1 1.1 0.56

H2(m) 10 9.9 2.7 1.00

H3(m) 30 29.4 6.3 1.85

H4(m) 50 49.3 8.1 1.33

Vs1(m/s) 200 200.1 0.9 0.05

Vs2(m/s) 300 297.3 45.4 0.90

Vs3(m/s) 400 405.8 24.9 1.45

Vs4(m/s) 600 627.8 32.2 4.63

Vs5(m/s) 1000 1005.7 15.0 0.57

Model True model SD
RE 

(%)

Model C) Fundamental Mode

H1(m) 10 9.3 2.9 7.00

H2(m) 20 21.2 1.4 6.00

H3(m) 30 28.6 8.7 4.44

H4(m) 50 41.5 14.7 16.89

Vs1(m/s) 200 216.5 33.8 8.25

Vs2(m/s) 150 150.4 0.5 0.27

Vs3(m/s) 300 328.6 58.7 9.53

Vs4(m/s) 500 472.4 79.9 5.51

Vs5(m/s) 800 824.3 21.2 3.04

Model C) Fundamental Mode with 10% Gaussian 

noise

H1(m) 10 9.1 3.4 9.00

H2(m) 20 18.2 2.3 9.00

H3(m) 30 30.1 8.6 0.33

H4(m) 50 44.3 15.4 11.40

Vs1(m/s) 200 221.3 37.3 10.65

Vs2(m/s) 150 151.4 12.5 0.93

Vs3(m/s) 300 271.3 76.7 9.57

Vs4(m/s) 500 663.5 76.5 32.70

Vs5(m/s) 800 788.1 23.3 1.49

Model C) Joint with First Higher Mode

H1(m) 10 9.8 0.9 2.00

H2(m) 20 20.3 1.3 1.50

H3(m) 30 30.1 6.9 0.37

H4(m) 50 41.2 6.1 17.60

Vs1(m/s) 200 207.4 21.5 3.70

Vs2(m/s) 150 149.9 0.6 0.07

Vs3(m/s) 300 303.3 20.2 1.10

Vs4(m/s) 500 494.1 89.6 1.18

Vs5(m/s) 800 809.1 24.9 1.14

Model True model SD
RE 

(%)

Model D) Fundamental Mode

H1(m) 10 10.1 0.6 1.82

H2(m) 20 19.7 6.4 1.50

H3(m) 30 31.5 6.6 5.15

H4(m) 50 39.4 13.4 21.09

Vs1(m/s) 150 151.0 1.7 0.73

Vs2(m/s) 250 276.1 26.7 10.47

Vs3(m/s) 200 199.4 14.1 0.27

Vs4(m/s) 500 549.2 163.7 9.84

Vs5(m/s) 800 815.3 25.1 1.92

Model D) Fundamental Mode with 10% Gaussian 

noise

H1(m) 10 10.0 1.8 0.00

H2(m) 20 17.7 5.2 11.50

H3(m) 30 31.8 7.1 6.00

H4(m) 50 35.1 16.4 29.80

Vs1(m/s) 150 149.0 8.5 0.67

Vs2(m/s) 250 270.7 22.6 8.28

Vs3(m/s) 200 203.8 24.4 1.90

Vs4(m/s) 500 612.5 132.4 22.50

Vs5(m/s) 800 825.2 24.4 3.15

Model D) Joint with First Higher Mode

H1(m) 10 10.0 0.0 0.00

H2(m) 20 19.1 1.5 4.55

H3(m) 30 31.2 2.0 4.07

H4(m) 50 50.1 19.0 0.18

Vs1(m/s) 150 149.9 0.3 0.06

Vs2(m/s) 250 255.3 2.8 2.11

Vs3(m/s) 200 201.2 1.8 0.59

Vs4(m/s) 500 537.4 73.6 7.48

Vs5(m/s) 800 810.6 15.9 1.32





























Layer Thickness (m)

Search Space

VP (m/s)

Search Space

VS (m/s)

Search Space

Density (kg/m
3
)

Real Model 1 10-50 400-1200 100-400 1800

2 10-50 800-2000 300-1000 2000

3 20-60 1000-3000 500-1200 2000

4 Half-space 2000-4000 800-2000 2100


















