


Supplementary Tables
Part A. Small-scale experiment
Supplementary Table S1. Small-scale experimental configuration
	Parameter
	Value

	Grid size
	30×30

	Obstacle ratio
	4%

	Number of robots nR
	12

	Number of targets nT
	12

	Population size N
	60

	Maximum iterations Tmax
	200

	Independent runs
	30

	Reference Pareto front size
	6


Supplementary Table S2. Comprehensive statistical results of eight algorithms in the small-scale experiment
Values are mean±standard deviation over 30 independent runs. The reference Pareto front size is 6.
	Algorithm
	f1
	f2
	HV
	IGD
	Spacing
	Number of Pareto solutions

	NSGA-II
	153.43 ± 0.985
	23.08 ± 1.451
	701.4 ± 53.99
	0.5089 ± 0.2267
	1.2600 ± 0.7218
	5.23

	MOGWO
	160.22 ± 4.544
	23.63 ± 1.875
	512.4 ± 81.36
	2.8412 ± 1.4803
	1.0322 ± 1.1784
	3.13

	MSSA
	161.65 ± 6.863
	23.24 ± 2.277
	410.6 ± 109.38
	3.9959 ± 2.4438
	0.0000 ± 0.0000
	1.03

	MOPSO
	156.22 ± 2.288
	21.41 ± 1.921
	637.6 ± 81.65
	1.4523 ± 0.6267
	1.1350 ± 1.2404
	3.70

	MODE
	155.29 ± 0.678
	20.52 ± 0.880
	689.1 ± 41.17
	1.2559 ± 0.3424
	1.5540 ± 1.8531
	3.63

	MOMVO
	151.59 ± 0.805
	30.01 ± 1.864
	203.2 ± 88.09
	3.4072 ± 0.6357
	0.0000 ± 0.0000
	59.00

	GWO-NSGAII
	153.22 ± 0.844
	23.40 ± 1.488
	714.2 ± 47.14
	0.5424 ± 0.1749
	1.4137 ± 0.8609
	5.40

	HIGWO-NSGAII
	153.81 ± 0.000
	21.49 ± 0.000
	753.1 ± 0.00
	0.0000 ± 0.0000
	0.5450 ± 0.0000
	6.00


Supplementary Table S3. Wilcoxon rank-sum test on HV for all pairwise comparisons in the small-scale experiment
Significance level: . “Yes” indicates a statistically significant difference; “No” indicates no significant difference.
	Comparison
	-value
	Significant

	NSGA-II vs MOGWO
	0.000000
	Yes

	NSGA-II vs MSSA
	0.000000
	Yes

	NSGA-II vs MOPSO
	0.000335
	Yes

	NSGA-II vs MODE
	0.057421
	No

	NSGA-II vs MOMVO
	0.000000
	Yes

	NSGA-II vs GWO-NSGAII
	0.795796
	No

	NSGA-II vs HIGWO-NSGAII
	0.000000
	Yes

	MOGWO vs MSSA
	0.000377
	Yes

	MOGWO vs MOPSO
	0.000003
	Yes

	MOGWO vs MODE
	0.000000
	Yes

	MOGWO vs MOMVO
	0.000000
	Yes

	MOGWO vs GWO-NSGAII
	0.000000
	Yes

	MOGWO vs HIGWO-NSGAII
	0.000000
	Yes

	MSSA vs MOPSO
	0.000000
	Yes

	MSSA vs MODE
	0.000000
	Yes

	MSSA vs MOMVO
	0.000000
	Yes

	MSSA vs GWO-NSGAII
	0.000000
	Yes

	MSSA vs HIGWO-NSGAII
	0.000000
	Yes

	MOPSO vs MODE
	0.006658
	Yes

	MOPSO vs MOMVO
	0.000000
	Yes

	MOPSO vs GWO-NSGAII
	0.000006
	Yes

	MOPSO vs HIGWO-NSGAII
	0.000000
	Yes

	MODE vs MOMVO
	0.000000
	Yes

	MODE vs GWO-NSGAII
	0.000498
	Yes

	MODE vs HIGWO-NSGAII
	0.000000
	Yes

	MOMVO vs GWO-NSGAII
	0.000000
	Yes

	MOMVO vs HIGWO-NSGAII
	0.000000
	Yes

	GWO-NSGAII vs HIGWO-NSGAII
	0.000000
	Yes


Supplementary Table S4. Raw f1 values of eight algorithms over 30 independent runs in the small-scale experiment
	Run
	NSGA-II
	MOGWO
	MSSA
	MOPSO
	MODE
	MOMVO
	GWO-NSGAII
	GWO-NSGAII
	HIGWO-NSGAII

	1
	152.640
	166.296
	160.782
	157.326
	154.983
	151.125
	152.640
	152.640
	153.811

	2
	154.054
	171.225
	154.983
	154.983
	154.983
	151.125
	152.640
	152.640
	153.811

	3
	153.811
	161.811
	155.811
	159.711
	154.983
	151.125
	153.811
	153.811
	153.811

	4
	154.983
	156.296
	156.983
	153.811
	154.983
	151.125
	153.468
	153.468
	153.811

	5
	152.640
	158.640
	157.125
	153.468
	154.983
	152.782
	152.640
	152.640
	153.811

	6
	152.640
	159.468
	157.711
	153.811
	155.811
	151.125
	153.811
	153.811
	153.811

	7
	152.640
	163.326
	173.853
	154.296
	154.983
	151.125
	153.468
	153.468
	153.811

	8
	153.811
	163.083
	173.853
	160.640
	156.154
	153.610
	154.983
	154.983
	153.811

	9
	153.811
	152.296
	161.083
	153.468
	154.983
	151.125
	152.640
	152.640
	153.811

	10
	154.054
	161.569
	162.882
	157.811
	157.811
	151.125
	152.640
	152.640
	153.811

	11
	153.811
	160.740
	155.811
	154.983
	154.983
	151.125
	153.468
	153.468
	153.811

	12
	154.054
	163.083
	154.640
	156.640
	153.811
	151.125
	152.296
	152.296
	153.811

	13
	155.569
	157.326
	156.983
	155.811
	155.811
	152.782
	154.983
	154.983
	153.811

	14
	152.640
	155.468
	155.125
	157.468
	154.983
	151.125
	152.640
	152.640
	153.811

	15
	152.640
	156.740
	166.255
	156.154
	155.811
	151.125
	153.811
	153.811
	153.811

	16
	154.054
	160.640
	180.539
	156.154
	155.811
	151.125
	152.640
	152.640
	153.811

	17
	152.296
	157.468
	166.154
	156.983
	154.983
	151.125
	153.468
	153.468
	153.811

	18
	152.640
	159.953
	161.083
	157.811
	155.811
	151.125
	154.054
	154.054
	153.811

	19
	155.569
	164.054
	162.640
	154.983
	155.811
	152.782
	153.811
	153.811
	153.811

	20
	152.640
	156.983
	156.983
	156.983
	154.983
	152.782
	153.811
	153.811
	153.811

	21
	152.640
	160.983
	169.953
	154.983
	154.983
	152.782
	152.640
	152.640
	153.811

	22
	153.811
	160.740
	164.255
	155.811
	155.811
	151.125
	152.296
	152.296
	153.811

	23
	152.640
	156.397
	168.154
	155.811
	155.811
	151.125
	152.640
	152.640
	153.811

	24
	152.640
	156.983
	156.397
	153.811
	154.983
	152.782
	154.054
	154.054
	153.811

	25
	152.296
	158.154
	158.882
	153.468
	154.983
	151.125
	152.296
	152.296
	153.811

	26
	154.054
	154.640
	154.640
	156.983
	154.983
	151.125
	152.296
	152.296
	153.811

	27
	154.983
	158.983
	153.953
	153.811
	154.983
	151.125
	154.983
	154.983
	153.811

	28
	153.811
	155.468
	168.154
	155.811
	154.983
	152.782
	152.640
	152.640
	153.811

	29
	152.296
	171.811
	156.640
	161.811
	154.983
	151.125
	152.640
	152.640
	153.811

	30
	152.640
	165.953
	167.225
	160.983
	154.882
	151.125
	152.296
	152.296
	153.811


Supplementary Figure S1. Boxplots of HV and IGD values in the small-scale experiment
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Supplementary Figure S2. Convergence curves of f1 and HV in the small-scale experiment
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Supplementary Figure S3. Path planning results in the small-scale experiment
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Part B. Medium-scale experiment
Supplementary Table S5. Medium- scale experimental configuration
	Parameter
	Value

	Grid size
	

	Obstacle ratio
	20%

	Number of obstacles
	500

	Number of robots nR
	20

	Number of targets nT
	20

	Solution space size
	

	Population size N
	60

	Maximum iterations Tmax
	200

	Independent runs
	30

	Reference Pareto front size
	3


Supplementary Table S6. Comprehensive statistical results of eight algorithms in the medium-scale experiment
	Algorithm
	f1
	f2
	HV
	IGD
	Spacing
	Number of Pareto solutions

	NSGA-II
	215.04 ± 12.843
	23.14 ± 3.318
	6054.8 ± 920.95
	11.1493 ± 6.4475
	0.7548 ± 1.3396
	2.37

	MOGWO
	301.56 ± 23.581
	31.75 ± 3.663
	2564.9 ± 799.84
	61.0725 ± 12.9775
	2.0942 ± 4.9618
	1.83

	MSSA
	305.15 ± 39.045
	30.19 ± 3.691
	2559.3 ± 945.87
	63.9884 ± 22.4723
	0.0000 ± 0.0000
	1.07

	MOPSO
	254.89 ± 29.399
	26.37 ± 3.224
	4363.7 ± 1062.33
	32.6671 ± 15.2344
	3.8639 ± 7.5928
	2.20

	MODE
	242.45 ± 12.097
	24.96 ± 3.469
	5081.4 ± 515.01
	26.4073 ± 5.8871
	2.1079 ± 5.1790
	1.80

	MOMVO
	244.14 ± 11.729
	31.66 ± 3.543
	3113.9 ± 779.62
	29.6822 ± 6.4389
	0.0000 ± 0.0000
	59.00

	GWO-NSGAII
	211.55 ± 12.539
	22.91 ± 4.251
	6461.1 ± 796.23
	9.9076 ± 6.3526
	1.1875 ± 1.9617
	2.30

	HIGWO-NSGAII
	194.19 ± 2.131
	17.57 ± 0.619
	7904.8 ± 181.86
	0.9559 ± 0.8051
	0.1747 ± 0.2790
	2.20


Supplementary Table S7. Wilcoxon rank-sum test on HV for all pairwise comparisons in the medium-scale experiment
Significance level: . “Yes” indicates a statistically significant difference; “No” indicates no significant difference. indicates within the output precision.
	Comparison
	-value
	Significant

	NSGA-II vs MOGWO
	0.000000
	Yes

	NSGA-II vs MSSA
	0.000000
	Yes

	NSGA-II vs MOPSO
	0.000000
	Yes

	NSGA-II vs MODE
	0.000004
	Yes

	NSGA-II vs MOMVO
	0.000000
	Yes

	NSGA-II vs GWO-NSGAII
	0.096263
	No

	NSGA-II vs HIGWO-NSGAII
	0.000000
	Yes

	MOGWO vs MSSA
	0.923442
	No

	MOGWO vs MOPSO
	0.000000
	Yes

	MOGWO vs MODE
	0.000000
	Yes

	MOGWO vs MOMVO
	0.004033
	Yes

	MOGWO vs GWO-NSGAII
	0.000000
	Yes

	MOGWO vs HIGWO-NSGAII
	0.000000
	Yes

	MSSA vs MOPSO
	0.000000
	Yes

	MSSA vs MODE
	0.000000
	Yes

	MSSA vs MOMVO
	0.020681
	Yes

	MSSA vs GWO-NSGAII
	0.000000
	Yes

	MSSA vs HIGWO-NSGAII
	0.000000
	Yes

	MOPSO vs MODE
	0.000556
	Yes

	MOPSO vs MOMVO
	0.000012
	Yes

	MOPSO vs GWO-NSGAII
	0.000000
	Yes

	MOPSO vs HIGWO-NSGAII
	0.000000
	Yes

	MODE vs MOMVO
	0.000000
	Yes

	MODE vs GWO-NSGAII
	0.000000
	Yes

	MODE vs HIGWO-NSGAII
	0.000000
	Yes

	MOMVO vs GWO-NSGAII
	0.000000
	Yes

	MOMVO vs HIGWO-NSGAII
	0.000000
	Yes

	GWO-NSGAII vs HIGWO-NSGAII
	0.000000
	Yes


Supplementary Table S8. Raw f1 values of eight algorithms over 30 independent runs in the medium-scale experiment
	Run
	NSGA-II
	MOGWO
	MSSA
	MOPSO
	MODE
	MOMVO
	GWO-NSGAII
	HIGWO-NSGAII

	1
	229.368
	305.451
	289.652
	221.995
	253.853
	244.338
	235.953
	192.054

	2
	196.983
	260.966
	323.635
	255.894
	234.196
	242.681
	198.397
	194.983

	3
	216.983
	296.765
	298.421
	235.125
	226.238
	267.350
	206.983
	194.983

	4
	200.054
	285.007
	266.137
	221.267
	239.024
	239.167
	192.054
	194.983

	5
	192.054
	310.179
	255.794
	251.794
	244.966
	257.267
	202.397
	194.983

	6
	220.196
	303.752
	266.196
	248.823
	240.681
	260.238
	203.225
	192.054

	7
	219.125
	324.765
	316.380
	225.024
	268.622
	241.610
	221.167
	192.054

	8
	221.711
	352.120
	346.581
	213.752
	249.711
	239.752
	220.640
	192.054

	9
	200.640
	307.894
	339.149
	267.267
	244.439
	217.125
	230.581
	194.983

	10
	206.640
	289.693
	355.693
	294.966
	247.267
	229.853
	203.225
	194.983

	11
	233.853
	252.095
	277.652
	312.765
	248.480
	238.338
	217.953
	197.912

	12
	209.711
	285.066
	277.451
	237.652
	243.309
	232.823
	225.267
	194.983

	13
	200.497
	334.238
	317.492
	272.865
	255.652
	244.723
	209.953
	194.983

	14
	221.510
	291.350
	343.350
	260.681
	246.095
	240.882
	238.983
	192.054

	15
	219.610
	264.137
	281.894
	295.208
	246.095
	262.782
	197.024
	192.054

	16
	215.368
	296.078
	297.451
	258.480
	223.610
	245.267
	202.397
	192.054

	17
	207.811
	288.765
	363.635
	263.894
	209.953
	245.368
	223.267
	192.054

	18
	232.296
	315.894
	289.510
	250.238
	250.581
	236.983
	208.539
	197.912

	19
	199.125
	323.007
	248.782
	284.723
	229.752
	226.882
	210.196
	192.054

	20
	220.539
	320.622
	282.037
	256.196
	256.823
	262.439
	210.681
	194.983

	21
	219.711
	312.279
	309.451
	246.622
	240.823
	231.953
	218.539
	192.054

	22
	240.380
	295.752
	297.551
	203.953
	238.296
	243.953
	212.296
	194.983

	23
	208.539
	276.480
	288.622
	230.539
	238.823
	237.167
	197.225
	194.983

	24
	218.782
	321.693
	362.421
	247.995
	232.681
	239.368
	207.225
	194.983

	25
	214.196
	292.581
	322.806
	302.865
	251.267
	247.995
	223.711
	194.983

	26
	223.468
	338.037
	257.409
	249.711
	219.468
	246.539
	199.468
	192.054

	27
	240.681
	314.338
	309.350
	303.794
	245.853
	237.652
	199.811
	192.054

	28
	211.853
	312.865
	281.936
	288.120
	253.551
	243.368
	206.983
	194.983

	29
	195.569
	264.924
	267.652
	231.368
	248.681
	263.894
	195.811
	194.983

	30
	214.054
	309.936
	420.304
	213.024
	244.823
	256.480
	226.681
	200.497


Supplementary Figure S4. Boxplots of HV and IGD values in the medium-scale experiment
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Supplementary Figure S5. Convergence curves of f1 and HV in the medium-scale experiment
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Supplementary Figure S6. Path planning results in the medium-scale experiment
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Part C. Large-scale experiment
Supplementary Table S9. Large-scale experimental configuration
	Parameter
	Value

	Grid size
	

	Obstacle ratio
	25%

	Number of obstacles
	1600

	Number of robots nR
	30

	Number of targets nT
	30

	Solution space size
	

	Population size N
	60

	Maximum iterations Tmax
	300

	Independent runs
	30

	Reference Pareto front size
	1


Supplementary Table S10. Comprehensive statistical results of eight algorithms in the large-scale experiment
	Algorithm
	f1
	f2
	HV
	IGD
	Spacing
	Number of Pareto solutions

	NSGA-II
	358.54 ± 26.427
	26.78 ± 4.725
	53158.3 ± 4575.97
	61.3311 ± 25.8072
	0.0000 ± 0.0000
	1.10

	MOGWO
	727.95 ± 62.897
	55.77 ± 5.786
	16767.1 ± 4082.89
	426.4693 ± 61.7061
	1.9782 ± 5.0783
	1.57

	MSSA
	696.02 ± 89.553
	54.75 ± 7.572
	17722.5 ± 6109.59
	398.6296 ± 89.4825
	0.0000 ± 0.0000
	1.03

	MOPSO
	649.44 ± 117.013
	56.05 ± 9.306
	22577.9 ± 7811.88
	329.6901 ± 97.9207
	12.8187 ± 16.2356
	2.80

	MODE
	622.64 ± 42.445
	53.53 ± 6.527
	24048.4 ± 2622.12
	317.3079 ± 37.1862
	6.4762 ± 14.6840
	2.10

	MOMVO
	406.97 ± 19.794
	51.97 ± 12.360
	32492.6 ± 8880.08
	115.2430 ± 21.5696
	0.0000 ± 0.0000
	59.03

	GWO-NSGAII
	352.70 ± 30.488
	27.62 ± 5.846
	53817.9 ± 4453.94
	56.3896 ± 29.4710
	0.0000 ± 0.0000
	1.23

	HIGWO-NSGAII
	300.00 ± 0.000
	10.00 ± 0.000
	70038.5 ± 0.00
	0.0000 ± 0.0000
	0.0000 ± 0.0000
	1.00


Supplementary Table S11. Wilcoxon rank-sum test on HV for all pairwise comparisons in the large-scale experiment
Significance level: . “Yes” indicates a statistically significant difference; “No” indicates no significant difference. indicates within the output precision.
	Comparison
	-value
	Significant

	NSGA-II vs MOGWO
	0.000000
	Yes

	NSGA-II vs MSSA
	0.000000
	Yes

	NSGA-II vs MOPSO
	0.000000
	Yes

	NSGA-II vs MODE
	0.000000
	Yes

	NSGA-II vs MOMVO
	0.000000
	Yes

	NSGA-II vs GWO-NSGAII
	0.401133
	No

	NSGA-II vs HIGWO-NSGAII
	0.000000
	Yes

	MOGWO vs MSSA
	0.491783
	No

	MOGWO vs MOPSO
	0.003939
	Yes

	MOGWO vs MODE
	0.000000
	Yes

	MOGWO vs MOMVO
	0.000000
	Yes

	MOGWO vs GWO-NSGAII
	0.000000
	Yes

	MOGWO vs HIGWO-NSGAII
	0.000000
	Yes

	MSSA vs MOPSO
	0.028129
	Yes

	MSSA vs MODE
	0.000031
	Yes

	MSSA vs MOMVO
	0.000000
	Yes

	MSSA vs GWO-NSGAII
	0.000000
	Yes

	MSSA vs HIGWO-NSGAII
	0.000000
	Yes

	MOPSO vs MODE
	0.149449
	No

	MOPSO vs MOMVO
	0.000092
	Yes

	MOPSO vs GWO-NSGAII
	0.000000
	Yes

	MOPSO vs HIGWO-NSGAII
	0.000000
	Yes

	MODE vs MOMVO
	0.000004
	Yes

	MODE vs GWO-NSGAII
	0.000000
	Yes

	MODE vs HIGWO-NSGAII
	0.000000
	Yes

	MOMVO vs GWO-NSGAII
	0.000000
	Yes

	MOMVO vs HIGWO-NSGAII
	0.000000
	Yes

	GWO-NSGAII vs HIGWO-NSGAII
	0.000000
	Yes



Supplementary Table S12. Raw f1 values of eight algorithms over 30 independent runs in the large-scale experiment
	Run
	NSGA-II
	MOGWO
	MSSA
	MOPSO
	MODE
	MOMVO
	GWO-NSGAII
	HIGWO-NSGAII

	1
	387.598
	698.558
	561.563
	824.073
	676.877
	422.912
	315.314
	300.000

	2
	376.569
	729.990
	636.475
	749.588
	647.103
	387.598
	330.627
	300.000

	3
	330.627
	795.529
	672.617
	647.505
	585.421
	387.598
	407.196
	300.000

	4
	300.000
	790.014
	650.960
	505.823
	692.617
	442.083
	345.941
	300.000

	5
	366.770
	606.676
	677.304
	748.735
	692.191
	422.083
	315.314
	300.000

	6
	387.598
	793.044
	666.676
	721.563
	606.250
	437.397
	345.941
	300.000

	7
	351.456
	759.789
	687.078
	713.848
	559.907
	392.284
	351.456
	300.000

	8
	351.456
	770.416
	953.754
	653.019
	658.132
	402.083
	345.941
	300.000

	9
	330.627
	750.416
	637.706
	556.451
	540.309
	402.083
	361.255
	300.000

	10
	345.941
	668.735
	754.701
	509.681
	524.995
	416.569
	382.083
	300.000

	11
	376.569
	835.931
	636.877
	514.794
	621.563
	402.912
	330.627
	300.000

	12
	315.314
	722.818
	650.534
	422.912
	627.078
	417.397
	391.882
	300.000

	13
	330.627
	704.475
	712.215
	774.274
	667.907
	413.113
	361.255
	300.000

	14
	376.569
	698.534
	794.701
	499.480
	683.220
	366.770
	330.627
	300.000

	15
	391.882
	725.706
	800.617
	513.137
	637.279
	407.598
	376.569
	300.000

	16
	315.314
	657.304
	671.765
	795.103
	611.765
	382.083
	315.314
	300.000

	17
	393.113
	732.617
	774.274
	667.931
	638.534
	432.284
	366.770
	300.000

	18
	345.941
	587.078
	823.647
	787.078
	647.505
	412.711
	382.083
	300.000

	19
	361.255
	694.250
	632.191
	738.960
	602.392
	402.083
	397.397
	300.000

	20
	397.397
	755.505
	596.877
	475.196
	636.451
	418.225
	315.314
	300.000

	21
	345.941
	800.617
	662.818
	672.191
	567.078
	396.569
	391.882
	300.000

	22
	376.569
	712.617
	720.617
	731.362
	606.250
	402.083
	336.142
	300.000

	23
	391.882
	748.759
	656.475
	738.132
	641.563
	426.770
	330.627
	300.000

	24
	345.941
	749.186
	875.931
	647.505
	596.877
	422.083
	300.000
	300.000

	25
	382.083
	770.014
	611.362
	621.563
	653.019
	382.083
	376.569
	300.000

	26
	345.941
	591.765
	785.328
	641.161
	569.681
	422.912
	376.569
	300.000

	27
	345.941
	658.534
	696.877
	680.735
	616.877
	361.657
	315.314
	300.000

	28
	376.569
	759.362
	642.392
	493.137
	632.191
	422.083
	402.912
	300.000

	29
	336.142
	765.730
	570.108
	846.558
	616.877
	387.598
	351.456
	300.000

	30
	376.569
	804.475
	666.274
	591.765
	621.161
	417.397
	330.627
	300.000


Supplementary Figure S7. Boxplots of HV and IGD values in the Large-scale experiment
[image: ][image: ]
Supplementary Figure S8. Convergence curves of f1 and HV in the large-scale experiment
[image: ]
Supplementary Figure S9. Path planning results in the large-scale experiment
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