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Abstract 
A	 novel	 data-driven	 model-free	 adaptive	 control	 (DDMFAC)	 approach	 is	 first	
presented,	 and	 then	 its	 stability	 and	 convergence	 analysis	 is	 provided	 to	 show	
algorithm	stability	and	asymptotical	convergence	of	tracking	error.	This	approach	
combines	the	advantages	of	model-free	adaptive	control	(MFAC)	and	data-driven	
optimal	 iterative	 learning	control	 (DDOILC).	 In	order	 to	determine	the	occupied	
proportions	 of	 MFAC	 and	 DDOILC	 in	 accordance	 with	 their	 diverse	 control	
performances	 in	 various	 control	 stages,	 fuzzy	 logic	 is	 also	 used	 to	 adaptively	
adjust	the	parameters	of	the	suggested	approach.	The	proposed	fuzzy	DDMFAC	
(FDDMFAC)	approach	is	utilised	to	regulate	particle	quality	in	the	spray	fluidized-
bed	granulation	process's	drug	formulation	stage.	This	approach's	control	efficiency	
is	contrasted	with	that	of	MFAC,	DDOILC,	and	their	fuzzy	versions,	in	which	MFAC	
and	DDOILC's	parameters	are	adaptively	changed	using	fuzzy	logic.	The	efficiency	
of	the	suggested	FDDMFAC	approach	is	verified	by	a	number	of	simulations.
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Introduction
In	order	to	convert	small	particles	into	larger	granules,	the	spray	
fluidized-bed	granulation	process	 (SFBGP)	uses	a	 liquid	binding	
solution	that	is	sprayed	onto	fluidized	particles	by	a	spray	nozzle	
above	 the	 powder	 bed.	 Because	 to	 the	 advantages	 of	 single	
unit	 operation,	 SFBGP	 has	 been	 widely	 utilised	 to	 produce	
granules	 intended	 to	 increase	 the	 power	 flow	 capability	 and	
physicochemical	 characteristics	 of	 pharmaceuticals.	 SFBGP's	
primary	objective	 is	 to	produce	uniformly	high-quality	granules	
for	the	following	pharmaceutical	operations.	The	manufacture	of	
pharmaceutical	solid	dosage	forms,	such	as	tablets	and	capsules,	
requires	 the	 use	 of	 SFBGP	 technology.	 SFBGP	 particle	 quality	
control	has	 important	 theoretical	and	practical	 ramifications	as	
a	result	[1].

The	most	 crucial	 factor	 to	 control	 when	 assessing	 the	 particle	
quality	 for	an	SFBGP	 is	granule	size.	The	production	yield,	drug	
content,	 size,	density,	 friability,	flow	ability,	and	compressibility	

are	 other	 factors	 to	 take	 into	 account.	 MBC	 methods,	 which	
require	a	priori	physical	and	mathematical	understanding	of	the	
process,	may	be	the	most	effective	ways	to	achieve	the	desired	
granule	size.	Previous	research	developed	MBC	frameworks	and	
investigated	 the	 application	 of	 MBC	 techniques	 to	 traditional	
granulation	design	[2].

SFBGP	 is	 a	 challenging	 process	 that	 is	 significantly	 influenced	
by	 both	material-related	 parameters,	 such	 as	 the	 composition	
and	 characteristics	 of	 powder	 particles	 and	 binding	 agents,	
and	process	 factors.	Yet,	 the	numerous	changes	 in	prescription	
during	 the	 drug	 development	 phase	 will	 cause	 the	 material	
characteristics	to	alter.	To	learn	more,	get	in	touch	with	us.	It	is	
exceedingly	challenging	to	develop	accurate	process	models	for	an	
SFBGP	whose	material	properties	have	already	changed	and	with	
which	we	are	unfamiliar	due	to	the	absence	of	process	operating	
experience	and	historical	data.	Before	employing	standard	MBC	
methodologies,	 multiple	 tests	 in	 the	 actual	 process	 should	 be	
carried	 out	 as	 long	 as	 the	 prescription	 is	 amended	 in	 order	 to	
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obtain	enough	process	data	for	precise	mathematical	modelling.	
A	 difficult,	 time-consuming,	 and	 resource-wasting	 method	 like	
this	makes	MBC	techniques	unsuitable	 for	quality	control	work	
in	this	activity	[3].

In	 data-driven	 control,	 the	 controller	 architecture	 only	 uses	
input/output	(I/O)	measurement	data	from	the	controlled	plant	
(DDC).	While	 adopting	 DDC	 approaches,	 a	model	 of	 a	 plant	 is	
not	 required,	 eliminating	 the	 modelling	 process,	 unmodeled	
dynamics,	and	theoretical	assumptions.	In	the	literature,	DDOILC,	
virtual	reference	feedback	tuning,	lazy	learning	control,	dynamic	
programming	 techniques,	 and	 many	 others	 are	 examples	 of	
DDC	 approaches	 with	 real-world	 applications	 in	 a	 range	 of	
industries.	DDC	has	consequently	recently	drawn	a	lot	of	interest.	
Notwithstanding	this,	no	report	of	the	study	on	the	use	of	DDC	
to	 SFBGP	 has,	 to	 the	 authors'	 knowledge,	 been	 published	 in	
the	 literature.	 In	 this	 work,	 a	 study	 on	 particle	 quality	 control	
based	 on	 DDC	 approaches	 is	 carried	 out	 in	 order	 to	meet	 the	
practical	difficulty	of	redesigning	operating	circumstances	when	
prescription	and	material	properties	are	completely	altered	[4].

The	 multiple	 prescription	 changes	 made	 during	 the	 drug	
development	 phase	 will	 have	 a	 range	 of	 material	 effects.	 For	
various	 material	 grades,	 the	 same	 set	 of	 empirical	 operating	
parameters	will	 provide	 entirely	 distinct	 IVs	 of	 particle	 quality.	
The	DDC	procedures	must	support	various	IVs	in	the	practise	as	
necessary.	In	order	to	further	improve	the	overall	control	impact,	
this	 work	 introduces	 a	 novel	 hybrid	 DDC	 technique	 dubbed	
DDMFAC	 that	 combines	 the	 advantages	 of	MFAC	 and	 DDOILC.	
Even	yet,	DDMFAC	does	not	clearly	outperform	MFAC	and	DDOILC	
for	all	IVs	[5].	According	to	simulation	tests,	if	weighted	parameter	
adjustments	are	not	made	in	a	reasonable	way,	DDMFAC	may	not	
be	as	effective	in	controlling	particle	quality	as	DDOILC	or	MFAC.	
Using	 the	 previously	 completed	 theoretical	 analysis	 for	 MFAC	
and	DDOILC	as	well	as	the	subsequent	simulation	verification,	we	
can	 summarise	 the	weighted	 parameter	modification	methods	
for	 DDMFAC.	 Fuzzy	 adaptive	 modification	 of	 target	 weighted	
parameters	is	then	used	to	fast	converge	DDMFAC	by	completely	
utilising	 the	 benefit	 of	 MFAC	 or	 DDOILC	 at	 various	 control	
stages.	The	last	DDC	approach	we	propose	 in	this	work	 is	fuzzy	
DDMFAC	 (FDDMFAC),	 and	 various	 simulations	 demonstrate	 its	
effectiveness	[6].

Materials and Method
The	calcareous	sand	used	in	this	experiment	was	obtained	from	
the	reef	on	Nansha	Island,	China.	The	calcium	carbonate	content	
of	 the	 calcareous	 sand,	 which	 was	 composed	 of	 broken	 coral	
branches	and	biological	debris,	reached	90%.	Before	the	test,	the	
calcareous	 sand	was	 cleaned	and	 left	 to	air	dry,	as	 seen	 in	 the	
images	of	 typical	calcareous	sand	particles.	The	particles	 larger	
than	4	mm	in	size	were	eliminated	in	order	to	lessen	the	impact	
of	 boundary	 conditions	 on	 test	 results,	 namely	 the	 particle	
size	 distribution	 curve	 of	 calcareous	 sand,	 which	 indicates	
poor	 gradation.	 The	 relative	 density	 of	 the	 sand	 sample	 was	
ascertained	using	the	pycnometer	test	[7].

The	 compression	 test	 was	 carried	 out	 using	 consolidation	
equipment.	61.8	mm	x	20	mm	ring	knife	samples	were	used	to	
construct	 the	 samples.	 The	 rate	 of	 deformation	was	 kept	 to	 a	

minimum	of	0.01	mm	per	hour,	which	is	considered	acceptable	
(GB/T50123,	1999).	The	calcareous	sand	was	subjected	to	tests	
at	 seven	different	vertical	 stress	 levels:	50,	100,	200,	400,	800,	
1600,	 and	3200	kPa.	 The	material	was	 sieved	after	undergoing	
a	36-hour	 compression	procedure.	Particles	of	 calcareous	 sand	
smaller	than	0.25	mm	were	not	filtered.

It	was	found	that	the	proportion	of	coarser	particles	decreased	
as	the	tension	rose	(while	the	proportion	of	finer	fraction	grew).	
This	 showed	 how	 the	 amount	 of	 breaking	 in	 coarser	 particles	
increased	 along	 with	 the	 stress	 level.	 The	 fraction	 of	 particles	
smaller	 than	 1	 mm	 increased	 with	 increasing	 stress	 levels,	
primarily	 due	 to	 the	 fragmentation	 of	 larger	 particles.	 While	
the	number	of	medium-sized	particles	increased	with	pressures	
exceeding	 800	 kPa,	 it	 appeared	 that	 the	 percentage	 mass	 of	
medium-sized	particles	(size	1-2	mm)	changed	for	strains	below	
400	kPa.	The	huge	particles	were	crushed	and	then	compressed	
into	 numerous	 medium-	 to	 small-sized	 particles.	 The	 larger	
particles	endure	more	breakage	than	the	smaller	ones	[8].

This	 is	 due	 to	 the	 fact	 that	 they	 play	 a	 crucial	 role	 in	 stress	
transmission	 and	 that	 the	 relative	 scarcity	 of	 readily	 available	
interparticulate	contact	surfaces	for	force-transfer	results	in	the	
generation	of	 large	contact	stresses.	As	particles	are	reoriented	
and	 rearrange	 under	 low	 stress	 levels	 below	 400	 kPa,	 finer	
grains	occupy	 the	empty	spaces	around	coarser	grains,	 causing	
grain	 breakage.	 Furthermore,	 because	 coarse	 angular	 particles	
have	 developed	 significant	 stress	 concentrations	 around	 their	
asperities,	 they	 are	 more	 likely	 to	 break.	 It	 has	 already	 been	
established	 that	 particle	 size	 and	 shape	 are	 related.	 The	 data	
shown	 in	 demonstrate	 that	 the	 coarser	 particles	 larger	 than	 2	
mm	were	crushed	even	at	the	low	stress	level	of	50	kPa	[9].

Due	to	 the	 increased	stress,	 the	higher	percentage	of	 the	finer	
fraction	 implied	 significant	 particle	 crushing.	 SEM	 diagrams	
of	 calcareous	 sand	 particles	 with	 a	 single	 particle	 size.	 It	 was	
found	that	calcareous	sands	have	exterior	surfaces	with	uneven	
shapes	 and	 porous	 interior	 structures.	 This	 was	 evident	 from	
the	compression	test	findings,	which	showed	that	a	bigger	finer	
percentage	 was	 produced	 under	 higher	 loads.	 Both	 the	 high-
stress	 particle	 splitting	 caused	 by	 specimen	 compression	 and	
the	 low-stress	 particle	 breaking	 caused	 by	 friction	 and	 sliding	
between	particles	were	caused	by	specimen	compression	(refer	
to	the	position	specified)	[10].

Conclusions
The	 goal	 of	 this	 research	was	 to	 find	 a	 solution	 to	 the	 SFBGP	
drug	development	phase's	particle	quality	control	issue.	Since	an	
accurate	process	model	cannot	be	obtained,	model-based	control	
systems	are	unable	to	handle	such	quality	control.	Model-free	and	
data-driven	control	approaches	are	also	considered	in	this	paper.	
We	first	 compared	 the	properties	of	MFAC	and	DDOILC	before	
comparing	their	abilities	to	manage	particle	quality	under	varied	
IVs.	 The	 simulation	 results	 confirmed	 our	 theoretical	 analysis,	
which	 let	 us	 come	 to	 the	 conclusion	 that	 MFAC	 and	 DDOILC	
both	 benefit	 under	 different	 IVs.	 In	 order	 to	 overcome	 these	
shortcomings,	 the	 hybrid	 solution,	 FDDMFAC,	 which	 combines	
the	benefits	of	MFAC	and	DDOILC	by	adaptively	changing	each	
of	their	weighted	components	with	fuzzy	logic,	was	presented	in	
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this	work.	We	get	to	the	conclusion	that	FDDMFAC	offers	greater	
control	performance	compared	to	other	ways	using	a	number	of	
simulation	findings,	which	supports	the	efficacy	of	FDDMFAC.
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