Supplement to: A Simple, Modular Pipeline for Automated EIS Equivalent-Circuit Fitting via PCA-Space Nearest-Neighbour Matching, Validated Against Manual Fitting

Reference spectra

Table S1. Equivalent-circuit parameters and reduced χ² obtained from manual CNLS fitting (PSTrace) of the five reference measured spectra, one per equivalent-circuit topology studied. These values were used as the seed parameter sets for the synthetic reference database.
	Parameter
	1TC MANUAL
	2TC SER MANUAL
	2TC PAR MANUAL
	3TC SER MANUAL
	3TC PAR MANUAL

	L (H)
	3.27×10-7
	1.93×10-6
	1.84×10-6
	2.33×10-6
	2.16×10-6

	Rs (Ω)
	5.459
	19.05
	19.23
	12.07
	12.26

	Q1 (S·sⁿ)
	1.10×10-4
	2.70×10-4
	5.42×10-5
	6.09×10-4
	2.47×10-4

	n1
	0.871
	1
	0.95
	0.689
	0.655

	R1 (Ω)
	1.52×105
	63.26
	829.3
	2.904
	30.92

	Q2 (S·sⁿ)
	–
	8.79×10-5
	3.78×10-5
	9.34×10-4
	2.39×10-4

	n2
	–
	0.899
	0.795
	0.566
	0.649

	R2 (Ω)
	–
	2.20×104
	2.17×104
	741.6
	1461

	Q3 (S·sⁿ)
	–
	–
	–
	9.10×10-4
	2.27×10-4

	n3
	–
	–
	–
	0.786
	0.792

	R3 (Ω)
	–
	–
	–
	5678
	5764

	2
	0.0008
	0.0012
	0.0009
	0.0002
	0.0004






Table S2. Jacobian-based parameter uncertainty (% error) for the manual CNLS fits reported in Table S1.
	Parameter
	Error%

	
	1TC MANUAL
	2TC SER MANUAL
	2TC PAR MANUAL
	3TC SER MANUAL
	3TC PAR MANUAL

	L (H)
	56.01
	44.36
	39.41
	12.25
	18.96

	Rs (Ω)
	0.867
	1.018
	0.909
	1.391
	2.609

	Q1 (S·sⁿ)
	0.804
	39.09
	11.36
	159.3
	125.5

	n1
	0.202
	11.27
	1.7
	27.34
	17.76

	R1 (Ω)
	5.49
	60.41
	39.48
	69.15
	121.3

	Q2 (S·sⁿ)
	-
	1.511
	15.86
	9.769
	134.4

	n2
	-
	1.304
	2.625
	2.545
	17.58

	R2 (Ω)
	-
	2.445
	3.195
	40.35
	53.58

	Q3 (S·sⁿ)
	-
	-
	-
	13.64
	24.82

	n3
	-
	-
	-
	4.063
	15.18

	R3 (Ω)
	-
	-
	-
	8.088
	11.16






Known spectra

Table S3. Automated NN+CNLS fit for the measured 1TC spectrum, automatically identified by the pipeline as the winning topology. For each parameter, the CNLS fit value and the χ²-scaled % error are given for both topologies, alongside the overall reduced χ², RMSPE, and PCA distance for each fit. Excluding L, whose 100-fold difference from the manual fit reflects its fundamentally weak determination rather than a fitting discrepancy (see main text), the automated and manual fits agree within 0.4% for every parameter.
	Parameter
	Fit value
	χ²-scaled % error

	Parameter
	1TC (winner)

	L
	3.07385×10⁻⁹
	608.88

	Rs
	5.46714
	0.09

	Q1
	1.09578×10⁻⁴
	0.08

	n1
	0.870987
	0.02

	R1
	151665
	0.39

	χ²
	0.000008

	RMSPE (%)
	0.37

	PCA distance
	0.006099









Table S4. Comparison of the 2TC_PAR fit, automatically identified by the pipeline as the winning topology, against the runner-up topology, 2TC_SER, for the same measured 2TC spectrum. For each parameter, the CNLS fit value and the χ²-scaled % error are given for both topologies, alongside the overall reduced χ², RMSPE, and PCA distance for each fit. The winning automated fit agrees with the manual fit within 0.7% for every parameter, with no individual parameter poorly determined in either fit.
	
	Fit value
	χ²-scaled % error
	Fit value
	χ²-scaled % error

	Parameter
	2TC_PAR (winner)
	2TC_SER

	L
	1.84055×10⁻⁶
	25.89
	1.93259×10⁻⁶
	27.89

	Rs
	19.2321
	0.60
	19.0533
	0.64

	Q1
	5.41565×10⁻⁵
	7.44
	2.89254×10⁻⁴
	24.03

	n1
	0.949742
	1.11
	1.0
	7.66

	R1
	835.102
	25.93
	72.1143
	41.68

	Q2
	3.7672×10⁻⁵
	10.43
	8.77463×10⁻⁵
	0.96

	n2
	0.794845
	1.73
	0.901172
	0.88

	R2
	21725.5
	2.10
	21936.8
	1.57

	χ²
	
	0.000380
	
	0.000488

	RMSPE (%)
	
	2.20%
	
	2.52

	PCA distance
	
	0.097908
	
	0.113464








Table S5. Comparison of the 3TC_SER fit, automatically identified by the pipeline as the winning topology, against the runner-up topology, 3TC_PAR, for the same measured 3TC spectrum. For each parameter, the CNLS fit value and the χ²-scaled % error are given for both topologies, alongside the overall reduced χ², RMSPE, and PCA distance for each fit. The winning automated fit agrees with the manual fit within 0.9% for every parameter, including R1 and Q1, which are poorly determined in the automated fit individually (43.19% and 100.17%, respectively) yet converge to essentially the same value as the manual fit in both cases.
	Parameter
	Fit value
	χ²-scaled % error
	Fit value
	χ²-scaled % error

	Topology
	3TC_PAR
	3TC_SER (winner)

	L
	2.1657×10⁻⁶
	11.90
	2.3281×10⁻⁶
	7.68

	Rs
	12.2572
	1.64
	12.0692
	0.87

	Q1
	2.47234×10⁻⁴
	78.89
	6.03827×10⁻⁴
	100.17

	n1
	0.654978
	11.17
	0.68982
	17.18

	R1
	30.9068
	76.27
	2.88346
	43.19

	Q2
	2.38662×10⁻⁴
	84.44
	9.30647×10⁻⁴
	6.13

	n2
	0.64822
	11.04
	0.565535
	1.58

	R2
	1469.63
	33.50
	748.022
	25.29

	Q3
	2.25886×10⁻⁴
	15.55
	910618×10⁻⁴
	8.61

	n3
	0.793057
	9.54
	0.786758
	2.56

	R3
	5757.78
	7.01
	5669.78
	5.11

	χ²
	
	0.000158
	
	0.000088

	RMSPE (%)
	
	1.15
	
	0.93

	PCA distance
	
	0.020400
	
	0.019018








Unknown spectra

Table S6. Comparison of the manual CNLS fit against the automated NN+CNLS fit of the same measured 2TC_SER spectrum. The two fits agree within 1% for every parameter, including R2, which is poorly determined in both fits individually (manual error 48.81%, automated error 32.32%) yet converges to essentially the same value (4.28×10⁶ vs. 4.237×10⁶ Ω) in both cases. The automated fit achieved a lower reduced χ² and χ²-scaled % error.

	Parameter
	Manual CNLS fit
	Automated NN+CNLS fit

	
	Fit value
	χ²-scaled % error
	Fit value
	χ²-scaled % error

	Topology
	2TC_SER
	2TC_SER

	L (H)
	2.49×10⁻⁶
	13.91
	2.48924×10⁻⁶
	9.28

	Rs (Ω)
	15.73
	0.685
	15.7275
	0.46

	Q1 (S·sⁿ)
	2.49×10⁻⁴
	11.68
	2.49261×10⁻⁴
	7.78

	n1
	0.752
	2.223
	0.751292
	1.48

	R1 (Ω)
	107
	13.47
	107.738
	9.01

	Q2 (S·sⁿ)
	7.12×10⁻⁵
	0.481
	7.10891×10⁻⁵
	0.32

	n2
	0.836
	0.353
	0.835941
	0.24

	R2 (Ω)
	4.28×10⁶
	48.81
	4.23729×10⁶
	32.32

	χ²
	0.0003
	
	0.000130
	

	RMSPE (%)
	
	
	1.28
	

	PCA distance
	
	
	0.412248
	







Table S7. Comparison of the manual CNLS fit against the automated NN+CNLS fit of the same measured 3TC_PAR spectrum. The two fits agree within 0.74% for every parameter, including R1, which is poorly determined in both fits individually (manual error 34.3%, automated error 21.89%) yet converges to essentially the same value (192.5 vs. 193.92 Ω) in both cases. The automated fit achieved a lower reduced χ² and χ²-scaled % error.

	Parameter
	Manual CNLS fit
	Automated NN+CNLS fit

	
	Fit value
	χ²-scaled % error
	Fit value
	χ²-scaled % error

	Topology
	3TC_PAR
	3TC_PAR

	L (H)
	1.38×10⁻⁶
	26.34
	1.378×10⁻⁶
	16.82

	Rs (Ω)
	18.71
	0.664
	18.7075
	0.42

	Q1 (S·sⁿ)
	1.01×10⁻⁵
	18.06
	1.01513×10⁻⁵
	11.51

	n1
	0.942
	1.974
	0.941711
	1.26

	R1 (Ω)
	192.5
	34.3
	193.92
	21.89

	Q2 (S·sⁿ)
	5.84×10⁻⁵
	14.99
	5.81696×10⁻⁵
	9.64

	n2
	0.622
	4.503
	0.622627
	2.90

	R2 (Ω)
	5334
	20.08
	5325.44
	12.87

	Q3 (S·sⁿ)
	2.44×10⁻⁴
	14.96
	2.43622×10⁻⁴
	9.55

	n3
	0.586
	10.05
	0.586133
	6.43

	R3 (Ω)
	1.34×10⁴
	14.9
	13412.4
	9.53

	χ²
	0.0002
	
	0.000093
	

	RMSPE (%)
	
	
	2.19
	

	PCA distance
	
	
	0.110120
	









Genuinely unknown spectra

Table S8. Comparison of a manual CNLS fit against the automated NN+CNLS fit of the genuinely unknown spectrum shown in Figure 8a. Both fits use the 3TC_PAR topology without an inductive element. R3 was held fixed in the manual fit at 8.00×10⁵ Ω, the smallest value found to leave the reduced χ² unchanged. PSTrace does not report parameter uncertainties when any parameter is held fixed, so the manual fit's χ²-scaled % error column is left blank The automated fit, refining R3 freely, converged to a larger value (2.88×10⁶ Ω) with a correspondingly large relative uncertainty (803.52%), consistent with this parameter being only weakly bounded from below by the data. This difference in R3 propagates to the correlated parameters Rs, n1, and R1, which differ by up to a factor of 2.5 between the two fits, while the remaining parameters (Q1, Q2, Q3, n2, n3) agree within 10%. The automated fit achieved a lower reduced χ² (0.000302 vs. 0.0007).

	Fit type
	Manual CNLS fit
	Automated NN+CNLS fit

	Parameter
	Fit value
	χ²-scaled % error
	Fit value
	χ²-scaled % error

	Topology
	3TC_PAR
	3TC_PAR

	Rs (Ω)
	311.2
	-
	123.056
	135.75

	Q1 (S·sⁿ)
	1.27×10⁻5
	-
	1.16645×10⁻5
	29.63

	n1
	0.519
	-
	0.337576
	30.88

	R1 (Ω)
	127
	-
	305.989
	57.16

	Q2 (S·sⁿ)
	1.15×10⁻5
	-
	1.56672×10⁻5
	7.57

	n2
	0.769
	-
	0.743021
	1.21

	R2 (Ω)
	3.82×104
	-
	4.43655×104
	18.51

	Q3 (S·sⁿ)
	4.07×10-4
	-
	3.81781×10⁻4
	18.07

	n3
	0.915
	-
	0.950834
	10.04

	R3 (Ω)
	8.00E+05
	-
	2.88197×106
	803.52

	Chi² reduced
	0.0007
	
	0.000302
	

	RMSPE (%)
	
	
	1.16
	

	PCA distance
	
	
	1.140782
	


Table S9. Comparison of a manual CNLS fit against the automated NN+CNLS fit of the same genuinely unknown spectrum shown in Figure 8b. The two fits agree within 0.51% for every parameter. Both fitting procedures identify 3TC_PAR as the topology with the lowest χ². The automated fit achieved a lower reduced χ² (0.000302 vs. 0.0008) and lower parameter errors overall.
	Fit type
	Manual CNLS fit
	Automated NN+CNLS fit

	Parameter
	Fit value
	χ²-scaled % error
	Fit value
	χ²-scaled % error

	Topology
	3TC_PAR
	3TC_PAR

	L (H)
	6.50×10⁻⁶
	27.65
	6.53307×10⁻⁶
	17.31

	Rs (Ω)
	43.93
	1.755
	43.9176
	1.11

	Q1 (S·sⁿ)
	1.58×10⁻⁶
	18.74
	1.58059×10⁻6
	11.80

	n1
	0.884
	2.086
	0.883996
	1.31

	R1 (Ω)
	299.7
	6.282
	300.034
	3.96

	Q2 (S·sⁿ)
	7.27×10⁻5
	9.442
	7.2621×10⁻⁵
	5.96

	n2
	0.62
	3.13
	0.620169
	1.98

	R2 (Ω)
	2.77×104
	63.29
	27558.9
	39.87

	Q3 (S·sⁿ)
	2.16×10⁻5
	38.42
	2.15583×10⁻5
	24.20%

	n3
	0.94
	21.44
	0.938928
	13.48%

	R3 (Ω)
	1.66×105
	15.18
	165372
	9.54%

	Chi² reduced
	0.0008
	
	0.000302
	

	RMSPE (%)
	
	
	1.80
	

	PCA distance
	
	
	0.523631
	






Out-of-envelope spectrum

Table S10. Comparison of a manual CNLS fit against the automated NN+CNLS fit of the same measured, out-of-envelope 2TC_PAR spectrum. The two fits agree within 2.3% for every parameter except Rs, which is statistically undetermined in both fits (manual: Inf; automated: undeterm.), consistent with the negligible solution resistance expected for a coating-dominated system; even so, the two Rs point estimates differ by only 20% in absolute terms (1.00×10⁻⁶ Ω vs. 8×10⁻⁷ Ω). The automated fit achieved a lower reduced χ² (0.000265 vs. 0.0007).
	Parameter
	Manual CNLS fit
	Automated NN+CNLS fit

	
	Fit value
	χ²-scaled % error
	Fit value
	χ²-scaled % error

	Topology
	2TC_PAR
	2TC_PAR

	L (H)
	-
	-
	-
	-

	Rs (Ω)
	1.00E-06
	Inf
	8×10⁻7
	undeterm.

	Q1 (S·sⁿ)
	7.37E-10
	1.753
	7.35×10⁻10
	1.45

	n1
	0.933
	0.197
	0.933
	0.14

	R1 (Ω)
	2.23E+08
	20.36
	2.18×108
	14.73

	Q2 (S·sⁿ)
	1.08E-09
	7.962
	1.07×10⁻9
	5.71

	n2
	0.547
	6.496
	0.545
	4.45

	R2 (Ω)
	1.61E+09
	7.179
	1.62e+09
	4.93

	χ²
	0.0007
	
	0.000265
	

	RMSPE (%)
	
	
	1.84
	

	PCA distance
	
	
	0.030248
	





