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a)  b) 
Fig. s1 a) Histogram of the injected particle size distribution and b) schematic of the observation window of width 1 cm to measure mean particles’ states located 9.5 cm from the nozzle exit.  For a mass flow rate of 20 g/min, at any time nearly 2,767 (142) particles are in the plasma (observation window)

Theory for the adaptive controller design 
Here we follow [1] to design the MRAC for the multi input- multi output (MIMO) system and include a scaling parameter in the adaptive law. Consider the following MIMO plant with m inputs and n outputs (for the problem at hand, m = 3, n = 2): 
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where for , is an output vector and is an input vector. The constant matrices  are unknown. The plant dynamics in Eq. 1 is devoid of process uncertainties and external disturbances. 	We start by choosing the following reference model that meets the design criteria of an ideal plant model
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where is a reference output vector, and  is the piecewise bounded desired output vector. The matrices  are chosen to achieve the desired trajectory of the reference model’s output. The exponential convergence of  is achieved for any bounded  for the following feedback control law 
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where  are the ideal gains obtained from the following matching conditions
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Since matrices  are unknown, the ideal gain matrices  are also unknown. Instead of using the ideal control law given by Eq. 3, we consider the following adaptive control law:
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where  and  are estimates of the ideal gain. From Eqs. 1, 2 and 5, the error, e, in the desired output is given by 
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where  and 	 are estimated gain errors that depend on the unknown matrix. We develop the MRAC scheme that is independent of plant parameters  as follows [1]. For either a positive or a negative definite  choose a constant matrix  such that  where  (-1) if  is positive (negative) definite. Thus, the matrix  is positive definite. Using , Eq. 6 becomes 
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We adaptively find gain matrices, , as follows:
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where is a gain matrix that also serves as a scaling parameter, and  is a positive definite matrix derived from the following Lyapunov equation. 
For every Hurwitz matrix  and a given positive definite matrix there exists a unique positive-definite matrix  such that 
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The following theorem proved in [1] guarantees that the error, e, is bounded from above. 

Theorem: Consider the plant dynamics given by Eq. 1, the reference model by Eq. 2, the control law by Eq. 5. Then, the solution  of the dynamical system given by Eqs. 7 and 8 is Lyapunov stable and  as  for all  and , and  
	
	
	10


The following Lyapunov function is consider in this theorem
For the tracking error to be asymptotically stable, there should exist a positive definite and symmetric matrix such that  [1]. A different choice of  affects the transient response but not the boundedness and the asymptotic convergence of the error. This theorem implies that all signals in the closed-loop dynamics are bounded (i.e., ) and the tracking error asymptotically converges. The bound on  can be estimated for known plant matrices .

[bookmark: _Ref49788934]Table s1 Predicted mean particles’ state from the response function for given process parameters
	Process parameter
	The solution from response functions
	Values found using LAVA-P
	Difference from LAVA-P

	P (slm)
	Q (slm)
	I (A)
	dy (cm)
	v (m/s)
	T (K)
	v (m/s)
	T (K)
	v (%)
	T (%)

	40
	10
	500
	0.6
	107.1
	2866
	107.0
	2833
	0.1
	1.2

	55
	4
	450
	0.4
	125.4
	2468
	126.1
	2478
	-0.6
	-0.4

	35
	6
	450
	0.6
	92.8
	2867
	92.4
	2811
	0.4
	2.0

	48
	2
	490
	0.7
	108.1
	2484
	107.3
	2485
	0.7
	0.0

	52
	8
	550
	0.8
	119.9
	2689
	119.6
	2702
	0.3
	-0.5

	45
	7
	475
	0.9
	102.0
	2640
	102.8
	2688
	-0.8
	-1.8

	37
	9
	525
	0.5
	107.2
	2930
	107.2
	2941
	0.0
	-0.4

	41
	3
	425
	0.6
	97.3
	2602
	96.5
	2586
	0.8
	0.6



[bookmark: _Ref49788967]Table s2 For desired values of mean particles’ states values of the three process parameters found from the response functions using GA using the second set of seed numbers, and comparison of desired particles’ states with those computed using LAVA-P with the GA provided values of the process parameters
	Reference values
	Solution from GA
	Simulated values – LAVA-P
	Difference between desired and simulated values

	v (m/s)
	T (K)
	P (slm)
	Q (slm)
	I (A)
	v (m/s)
	T (K)
	v (%)
	T (%)

	90
	2600
	37.69
	2.08
	410.60
	89.3
	2578
	0.8
	0.8

	110
	2800
	43.93
	8.49
	478.76
	109.5
	2768
	0.4
	1.1

	90
	2850
	35.00
	8.93
	407.98
	89.9
	2803
	0.1
	1.6

	100
	2950
	35.00
	6.94
	537.62
	99.5
	2948
	0.5
	0.1

	95
	2800
	37.70
	6.63
	424.52
	94.2
	2761
	0.8
	1.4

	100
	3100
	35.00
	7.01
	550.00
	99.7
	2961
	0.3
	4.5

	105
	3000
	36.38
	8.19
	550.00
	103.6
	2919
	1.3
	2.7

	90
	2750
	37.51
	8.07
	377.07
	91.6
	2731
	-1.8
	0.7



[bookmark: _Ref49789137]Table s3 Values of variables used for exciting the H2 flow rate for validation of multi-inputs and single-output model of MSPs
	Parameters
	Qb
	Qa1
	Qa2
	Qa3
	Qa4
	Qa5
	ω1Q
	ω2Q
	ω3Q
	ω4Q
	ω5Q

	Mean, μ
	7
	0
	0
	0
	0
	0
	0.5
	0.5
	0.5
	0.5
	0.5

	S.D., σ
	1
	1
	1
	1
	1
	1
	0.02
	0.02
	0.02
	0.02
	0.02

	Sample 1
	6.99
	-1.47
	1.36
	0.52
	0.42
	0.08
	0.43
	0.40
	0.55
	0.34
	0.54

	Sample 2
	7.50
	2.22
	-1.75
	-1.72
	-0.04
	-0.78
	0.21
	0.19
	0.35
	0.55
	0.63

	Sample 3
	6.28
	0.08
	0.43
	0.24
	0.21
	-1.82
	0.55
	0.35
	0.49
	0.41
	0.70

	Sample 4
	7.59
	-0.58
	-0.07
	-0.11
	1.81
	-0.25
	0.78
	0.46
	0.60
	0.60
	0.38

	Sample 5
	3.97
	-1.21
	-0.37
	1.05
	-1.50
	0.53
	0.53
	0.52
	0.63
	0.46
	0.31

	Sample 6
	8.21
	-0.45
	0.55
	0.83
	0.92
	1.96
	0.35
	0.59
	0.52
	0.65
	0.60

	Sample 7
	8.79
	0.41
	0.02
	-0.54
	-0.67
	-1.09
	0.42
	0.47
	0.74
	0.11
	0.35

	Sample 8
	7.08
	1.28
	1.03
	-1.24
	-0.38
	-0.45
	0.62
	0.56
	0.28
	0.51
	0.49

	Sample 9
	6.65
	-0.04
	-1.09
	-0.39
	0.80
	1.04
	0.50
	0.73
	0.40
	0.47
	0.46

	Sample 10
	5.79
	0.75
	-0.75
	1.79
	-1.22
	0.29
	0.65
	0.63
	0.44
	0.70
	0.50



[bookmark: _Ref49789152]Table s4 Values of the variables used for exciting the current for validation of multi-inputs and single-output model of MSPs
	Parameters
	Ib
	Ia1
	Ia2
	Ia3
	Ia4
	Ia5
	ω1I
	ω2I
	ω3I
	ω4I
	ω5I

	Mean, μ
	450
	0
	0
	0
	0
	0
	0.5
	0.5
	0.5
	0.5
	0.5

	S.D., σ
	200
	200
	200
	200
	200
	200
	0.02
	0.02
	0.02
	0.02
	0.02

	Sample 1
	423.35
	4.01
	7.94
	-5.62
	-5.49
	-9.59
	0.58
	0.35
	0.60
	0.15
	0.62

	Sample 2
	442.55
	13.68
	17.69
	-19.67
	-2.42
	17.27
	0.39
	0.65
	0.55
	0.43
	0.46

	Sample 3
	459.05
	-3.03
	5.45
	-15.50
	14.26
	1.62
	0.37
	0.57
	0.72
	0.66
	0.39

	Sample 4
	455.80
	20.23
	2.02
	0.13
	5.53
	4.74
	0.55
	0.49
	0.31
	0.37
	0.33

	Sample 5
	449.12
	8.21
	18.92
	5.32
	-21.09
	30.79
	0.48
	0.74
	0.45
	0.70
	0.93

	Sample 6
	443.96
	-25.32
	-5.95
	9.63
	21.97
	8.34
	0.31
	0.44
	0.41
	0.48
	0.52

	Sample 7
	465.79
	-16.00
	-11.82
	19.93
	7.77
	-14.06
	0.51
	0.29
	0.48
	0.55
	0.24

	Sample 8
	453.20
	1.10
	-15.18
	-7.80
	1.13
	-7.01
	0.43
	0.39
	0.62
	0.40
	0.60

	Sample 9
	435.13
	-4.77
	-30.35
	12.52
	-17.70
	-1.09
	0.67
	0.58
	0.36
	0.61
	0.55

	Sample 10
	480.16
	-9.68
	-1.67
	-0.01
	-7.82
	-18.63
	0.69
	0.51
	0.53
	0.50
	0.47
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[bookmark: _Ref49780179]Fig. s2 Variations of the H2 flow rate and current for samples 1, 2 and 3 used for validation of multi-inputs and single-output model of MSPs
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