Table 1 The LFO modes of the system under three working conditions
	[bookmark: _Hlk115294744]Mode
	Case
	l
	x /%
	f/Hz
	DMs

	Mode 1
	1
	-0.7685±j5.7070
	13.33
	0.9082
	G1 G2

	
	2
	-0.7549±j5.7734
	12.97
	0.91889
	

	
	3
	-1.8287±j5.3845
	32.16
	0.8570
	

	Mode 2
	1
	-0.4758±j6.3467
	7.48
	1.0101
	G3 G4

	
	2
	-0.4860±j6.3232
	7.67
	1.0064
	

	
	3
	-0.6182±j6.7877
	9.07
	1.0803
	

	Mode 3
	1
	-1.8287±j5.3845
	9.04
	0.8570
	G1 G2 G5

	
	2
	-0.4294±j4.2248
	10.12
	0.6724
	

	
	3
	-0.4420±j3.3633
	13.03
	0.5353
	

	Mode 4
	1
	-0.1908±j3.1933
	5.96
	0.5082
	G3-G5

	
	2
	-0.0811±j3.6091
	2.25
	0.5744
	

	
	3
	-1.1718±j3.4595
	32.08
	0.5506
	

	Mode 5
	1
	-0.1844±j0.3841
	43.28
	0.0611
	G1–G5 DFIG PV

	
	2
	-0.3996±j0.6287
	53.64
	0.1000
	

	
	3
	-0.2091±j0.3791
	48.30
	0.0603
	



Table 2 LFO modes of the system in different cases after the output of new energy units increases
	Mode
	Case
	l
	x /%
	f/Hz
	DMs

	Mode 1
	1
	-0.7676±j5.7062
	13.3
	0.91
	G1 G2

	
	2
	-0.7533±j5.7681
	12.95
	0.92
	

	
	3
	-1.8202±j5.3904
	31.99
	0.86
	

	Mode 2
	1
	-0.4789±j6.3485
	7.52
	1.01
	G3 G4

	
	2
	-0.4867±j6.3303
	7.67
	1.01
	

	
	3
	-0.6195±j6.7931
	9.08
	1.08
	

	Mode 3
	1
	-0.4023±j4.4430
	9.02
	0.71
	G1 G2 G5

	
	2
	-0.4203±j4.2330
	9.88
	0.67
	

	
	3
	-0.4495±j 3.349
	13.31
	0.53
	

	Mode 4
	1
	-0.1905±j3.1936
	5.95
	0.51
	G3-G5

	
	2
	-0.0906±j3.5128
	2.6
	0.56
	

	
	3
	-1.1676±j3.4599
	31.99
	0.55
	

	Mode 5
	1
	-0.1927±j0.4968
	36.16
	0.08
	G1–G5 DFIG PV

	
	2
	-0.3446±j0.7767
	40.55
	0.12
	

	
	3
	-0.2395±0.5157
	42.11
	0.08
	



Table A1. No-optimization parameters in IEEE 4 machine 2 area system
	PSSs
	Pss number
	KPSS
	Tw
	T1
	T2
	T3
	T4

	
	1
	10
	0.5
	0.1
	0.05
	0.01
	0.005

	
	2
	10
	0.5
	0.1
	0.05
	0.01
	0.005

	
	3
	10
	0.5
	0.1
	0.05
	0.01
	0.005

	
	4
	10
	0.5
	0.1
	0.05
	0.01
	0.005

	
	5
	10
	0.5
	0.1
	0.05
	0.01
	0.005

	STATCOM-
POD
	Kr
	Tr
	KPODC1
	TwST
	T1ST
	T2ST
	T3ST
	T4ST

	
	20
	0.1
	-0.1
	5
	0.4
	0.2
	0.4
	0.2

	SSSC-
POD
	CP
	TSC
	KPODC2
	TwSC
	T1SC
	T2SC
	T3SC
	T4SC

	
	30
	0.1
	-0.1
	5
	0.4
	0.2
	0.4
	0.2



Table A2. Optimized parameters in IEEE 4 machine 2 area system
	PSSs
	Pss number
	KPSS
	Tw
	T1
	T2
	T3
	T4

	
	1
	18.3813
	0.5
	0.4754
	0.05
	0.3361
	0.005

	
	2
	9.8582
	0.5
	0.5970
	0.05
	0.6186
	0.005

	
	3
	41.5714
	0.5
	0.1810
	0.05
	0.0460
	0.005

	
	4
	31.6670
	0.5
	0.7139
	0.05
	0.5000
	0.005

	
	5
	35.7432
	0.5
	0.3559
	0.05
	0.0451
	0.005

	STATCOM-
POD
	Kr
	Tr 
	KPOD
	TwST
	T1ST
	T2ST
	T3ST
	T4ST

	
	12.8103
	0.4537
	0.5668
	5
	0.7503
	1
	0.1149
	0.3810

	SSSC-
POD
	CP
	TSC
	KPODC2
	TwSC
	T1SC
	T2SC
	T3SC
	T4SC

	
	42.6407
	0.1
	-0.0323
	5
	0.3354
	0.5502
	0.5422
	0.3096



