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Abstract. Within this paper, we present robust neuro-fuzzy control of motors with high dynamics to get
2D cartography of the potential obtained by corona discharge on the surface of materials. The system,
controlled by robust Ho controllers improved by neuro-fuzzy supervision, tracks predefined scanning
trajectories giving the distribution of the surface potential and the potential decay with good performances.
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Introduction

Surface potential cartography using a moving
probe on the surface of a material (PVC for
example) permits to have the distribution of the
potential on the charged surfaces by corona
discharge that make possible predictions on the
distributions of the electric charges (electrets) on
that surface. The charged surfaces are used in
several domains. The characterization of the
electrets gives certain classifications of the several
materials used in this domain and it is studied using
specific systems performing the measure of the
surface potential on certain predefined points or
trajectories and doing reconstitution of the surface
potential distribution in 2-dimensions.

Known that the potential on the surface may
change (potential decay) because of the
displacement of the electric charges on the surface
[1], the cartography has to be done quickly and
confidently. In this objective, the use of high
dynamics positioning system is necessary.

Several systems were used in this field of high
dynamics motion control. In addition, different
techniques of control were proposed, like robust
control, which take into account the presence of the
disturbances during the design of the regulators [5,
12,17, and 18].

Fuzzy control and neuro-fuzzy control can
make model reference adaptive control that can learn
and adjust their parameters in order to get the
wanted performances [3, 6, 7, 8, 9, 10, 11, 13, and
14].

In this work, the reference models are first
order systems with unitary gain and time constant to
be chosen adequately to perform the tasks at hand
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(scanning, measuring, reconstitution).
1. Description of the system

The system has three sub-systems: the first for
the corona discharge process, the second for the
scanning operation and the third for the
neutralization process. The figure below fig.1 gives
a 3D virtual presentation of the system where the
focus is on the scanning operation sub-system.

Scanning System

Fig. 1. 3D virtual presentation of the system

At first, we place the plate in the first sub-
system in order to charge the surface of the plate and
have a surface potential distribution. After, the plate
passes to the second sub-system in order to perform
the scanning operation. Finally, the plate goes to the
third sub-system for neutralization.

We use two methods for corona discharge:
point-plate and axis-plate as presented in the figure
fig.2 (the grid between the electrode and the plate is
omitted for simplicity). The plate is a square
material sample (10 cm x 10 cm). Typical obtained
potential distributions are given in the figure fig.3.
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Fig. 2. Corona discharge methods (axis-plate) and
(point-plate)
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Fig. 3. Typical potential distributions obtained by
corona discharge (axis-plate) and (point-plate)

The scanning sub-system has four dc-motors
(axes: X, Y, Z and 0). The 0-axis orientates the plate
in order to be parallel to the XY-axes. The Z-axis

places the probe over the plate at a fixed height
(about 3mm). The XY-axes perform the scanning
operation and have both high dynamics dc-motors.

The surface potential measured by the probe
centered at (Xp,Yp), IS given by:

SP(xp, yp)sz. Mp (1)

[P y) Dy (x =%,y -y, )-dx-dy
e [[D.(x.y)dx-dy

Where Gp stands for the transfer function
(temporal filter) and Mp is the weighed sum over the
material surface of the real surface potential
distribution D, and D, is the spatial filter of the
probe.

)

2. X-Y Positioning system

The X-Y positioning system as presented in the
figure fig.4 is a two sub-systems of double
integrators  with  electric and  mechanical
disturbances. The disturbances present the effects of
extern resistant torque, and the incertitude in the dc-
motors parameters (inertia J, friction f, gain K and so
on). The design the Hoo robust control uses this
representation to have the LFT form (Linear
Fractional Transform form).

" & :
+f S
Elect. Pert Meca, Pert
é J 5 4
HJ_I JHI

Fig. 4. Simplified model of high dynamics dc-
motors with mechanical and electric disturbances

3. Positioning System Control

The closed loop system is presented in the
figure below (fig.5). The controller K is a robust Hoo
controller that rejects the effects of the disturbances
oe and Js. The neuro-fuzzy controller is adaptive
with the back-propagation learning algorithm to
adjust the parameters of the Sugeno-type fuzzy
controller. The objective of this adjustment is to
minimize the difference between the output of the
system S and the output of the reference model Sm.
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Fig. 5. The control system
The Sugeno-type fuzzy controller calculates the AS
modified reference input r: b, =7, -1 Sy (12)
r = NFLC(Sr) (3)
8 =1, SV P& —— (13)
r= ,U1(Sr)' f1(Sr)+,U2(Sr)‘ fz(Sr) (4)
Hy (SI’)+ H, (Sr) : AS
. . b, Ty, P2 € —— (14)
Where the membership functions are: A
ﬂl(sr) — e—((SHm)/a) (5)
—((Sr=m)/ & &=Sm-S
g (Sr) =) ©) M (15)
The consequences of the rules are: ! My + L
fl(Sr):ai-Sr+b1 (1) P> =tz
Hy + |y
f,(Sr)=a,-Sr+b, (8)

The back-propagation algorithm gives the
learning formulas updating the parameters m, o, as,

ay, by and by:
ey |2 AS Tt T
e {L AT () } ©
~[(Sl’—m)~,u2+(5|’+m)-,ul]}
}'am
(11)

AS f -+ 1,
6‘._. 2

AT (y + )
Asr=m) -, ~(sr+m¥ - g ]

. AS
& =1],, -Sl’-pl-S-E

4. Reference trajectories

Several trajectories for the scanning operation
are proposed. We used back and forth trajectory,
Lissajous curves trajectory and random trajectory
(normal distribution).

The first trajectory is point-to-point movements
with a constant speed and one axis in motion at a
time. The second trajectory follows the equations

below.

Where

X(8)=X,, -cos(n-0)

Y(6)=Y,, -cos(m-6+p) 16)
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0=V -(X2n?sin?(n6)+
L @n
+Y?m?sin?(mo + o)) *

And
(18)

The variable V stands for the probe constant
speed (positive) on the trajectory and n, m (positive
integers) and ¢ are well chosen to get Lissajous
curves.

The third trajectory is  point-to-point
movements where the points are chosen randomly
(with normal distribution) over the [-5 cm, +5 cm] x
[-5 cm, +5 cm] square.

Back and forth Trajectory
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Fig. 6. Scanning trajectories (back and forth,
Lissajous)

5. Reference model

With the presence of the potential decay, we
must perform rapid scanning in order to have several
cartographies of the potential on the surface of the
material. We take the case where the potential decay
has 15 minutes (900 seconds) to stabilize at its final
value [1].

The reference model is a first order system with
unitary gain and time constant t.

In order to have several cartographies and given
that the speed of the probe displacement and the
length of the trajectories are constants, one can take
different values for the time constant t.

6. Simulation results

The simulations conducted using Matlab and
Python programming languages give the results
presented in the figures below (from fig.7 to fig.14).
We class these results under two sub-classes: slow
scanning and rapid scanning.

We use the slow scanning to visualize the
potential decay (increased by 15 times in the figures
below: fig.7 — fig.9) where we can see the evolution
of the surface potential at several selected points on
the surface of the material.

The figures fig.7, fig.8 and fig.9 state that when
doing the scanning, the potential on the surface
changes rapidly with respect to the scanning
operation. Here we cannot do the reconstitution of
the surface potential but we still can use the results
to present the potential decay because of the
constant speed (low speed) of the scanning
operation.

The difference between fig.7 and figures fig.8
and fig.9 is that we do one pass over the trajectory in
figure fig.7 and several passes over the trajectory of
figures fig.8 and fig.9.

In fig.7, we suppose that the surface potential
distribution is homogenous over the surface and has
the same behavior on all straight lines that are
parallel to electrode axis in the case of the axis-plate
distribution. This method gives a general aspect of
the evolution of the surface potential and is not very
accurate because the potential is measured at several
points (considered as the same point). We cannot use
this technique to visualize the potential decay with
the point-plate distribution.

However, for the figures fig.8 and fig.9, the
probe performs several passes on the trajectory and
we can visualize the potential decay in any point on
the trajectory as shown in these figures.
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Fig. 7. Potential decay with slow scanning, back and
forth trajectory and axis-plate corona discharge
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Fig. 8. Potential decay with slow scanning, Lissajous
trajectory and axis-plate corona discharge
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Fig. 9. Potential decay with slow scanning, Lissajous
trajectory and point-plate corona discharge

For the figures fig.10 through fig.15, we can see
the measured potential on the trajectories, the
reconstitution of the surface potential distribution
and the error of the reconstitution. We, first, have
done the reconstitution by taking all the measures
(about 1000 samples) but we noticed that a random
choice over the samples permits to do the
reconstitution with 60-to-100 samples. Therefore,
we have limited the reconstitution to use just 60-to-
100 samples. This idea conducted us to use the
method of the random trajectory that chooses
randomly 60-to-100 points on the surface and
performs the point-to-point motion. This has led to
the shortest time scanning operation.

As we can see, the error of the reconstitution is
very small and that depends on good scanning and
the method used for reconstitution. We used the
Least Squares Method and a 12-degree polynomial
on X and Y (6 degrees for both).
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Fig. 10. Surface Potential distribution with rapid scanning, back and forth trajectory and axis-plate corona
discharge (measure, reconstruction and error of reconstruction)
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Fig. 11. Surface Potential distribution with rapid scanning, Lissajous trajectory and axis-plate corona
discharge (measure, reconstruction and error of reconstruction)
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Fig. 12. Surface Potential distribution with rapid scanning, random trajectory and axis-plate corona discharge
(measure, reconstruction and error of reconstruction)
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Fig. 13. Surface Potential distribution with rapid scanning, back and forth trajectory and point-plate corona
discharge (measure, reconstruction and error of reconstruction)
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Fig. 14. Surface Potential distribution with rapid scanning, Lissajous trajectory and point-plate corona
discharge (measure, reconstruction and error of reconstruction)

Probe Measure

Py
ef) 2, \6 i

Reconstitution

S0 oo
SONmoo
—t—t—t——p
OO
~woo

TS S e

Reconstitution Error

Fig. 15. Surface Potential distribution with rapid scanning, random trajectory and point-plate corona
discharge (measure, reconstruction and error of reconstruction)

7. Discussion

We took the reference model as a first order
system with unitary static gain and time constant
1=0.1sec.

For the back and forth trajectory, we found that
one cartography is done in 100 seconds and that
allows us to make approximately 7 cartographies in
900 seconds (15 minutes, the potential decay
duration).

For the Lissajous trajectory, we have 10
seconds per cartography and that allows us to get
about 70 cartographies in 900 seconds.

The random trajectory gives the shortest time
per cartography (1 second).

Using curve-fitting techniques, one can perform
the reconstitution of the surface potential. We used
the Least Square Method and a 12 order polynomial
in X and Y (X and Y are at 6 degrees both). In
addition, we found that 60 through 100 samples
permit the reconstitution of the surface potential this
way.

The fact that 60 through100 samples permit the
reconstitution of the surface potential justifies the
results given by the scanning using the random
trajectory. We have to move the probe to just 60
through 100 points randomly chosen on the plate
(slab).

With several cartographies, we can realize
animations to visualize the time evolution of the
surface potential distribution.

Conclusion

In this work, we have designed robust neuro-
fuzzy controllers in order to move a probe that
measures the potential on a plate (surface) caused by
the corona discharge. The robust controller reduced
the disturbance effects, and it did not permit to
impose certain wanted dynamics. The use of the
fuzzy control solved this problem by modifying the
reference signal in order to track a reference model.
The neuro-fuzzy approach allowed us to improve the
tracking of the reference model and adaptively
adjusted (on line) the parameters of the fuzzy
controller. Indeed, the neuro-fuzzy controller
supervises the robust controller by generating the
adequate reference signal that permits to minimize
the error signal between the output of the system and
the output of the reference model.

The use of different trajectories showed that we
could do several tasks: potential decay visualization,
surface potential distribution reconstruction and
animation to visualize the time evolution of the
surface potential distribution.

The slow scanning operation permitted the
visualization of the potential decay and the rapid
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scanning operation allowed having the distribution
of the potential on the surface of the plate.

In order to produce the animation, the probe
must do several cartographies. Our work showed
that the random trajectory permits to have the
shortest time scanning per cartography.

The choice of the time constant of the reference
model is typically 0.1 second (tests were conducted
for other values).

The extensive conducted simulations confirm
and validate the approach.
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HAJIMHUN HEMPO®Y3UHN KOHTPOJIb BEJTUKNX IMHAMIYHUX MOTOPIB JJIsI
IMOTEHIIAJIBHOI IOBEPXHEBOI KAPTOI'PA®II

A. Meaaxil, b. Benaxman?, b. fxiayi’

! Jlabopamopis maticmeprocmi 6i0Ho808AHUX Odicepen enepeil, Texnonociunull ghaxyromem, Yrigepcumem
beoorcia, Anxcup
2 Jlabopamopis enexmpomexuixu, gaxyismem mexnonoeiii, Yuicepcumem Bedocia, Anoicup
¥ Kagpeopa enexmpomexnixu, Texnonoziunuii paxynomem, Yuisepcumem Beoxcia, Anocup

Anomauia. Y yiii pobomi mu npedcmasisiemMo HAOIUHUL HeUpo-HeuimKuili KOHmpOib O8USVHIE 3
BUCOKOI0 OUHAMIKOIO 8 YIIAX peanizayii 0806UMIpHOI kapmoepagii nomenyiany Ha nosepxui mamepianis,
ompumanux KopouHum pospaoom. Cucmema, niokonmponvna IIK, mae vomupu DC-06ucynu 3 6uUcokoro
Ounamirxoro (oceu: X, Y, Z i 0) xoumponepamu nomyd’cHumu xowmpoaepamu Hoo, noxpawenumu 3a
00NOMO02010 HeUpo-HedimKo20 Ha2nady. Lla cucmema cnpsamosana Ha 8i0CMedNCeHHs 3a30ane2iob 3a0aHux
MpAEKmopitl CKAHY8AHHA, W00 mamu XOpouli GI000paddCeHHs POo3nooiny NOBEPXHEB020 NOMEHYIATY.
THogepxnsa mamepiany napanenvna naowuni XY, a mpaekmopii CKAHy8aHHA SUKOHAHI 6 Yill NIAOWUHI.
3anpononosani pizui mpaexkmopii cxanyeéanHs (eneped i Hazao, Lissajous, eunaoxogi 3 HOPMATbHUM
posnoodinom). Mu npoeooumo iocmedsicennss 3 060Ma WBUOKOCMAMU. WIBUOKE BIOCMENCEHHS MA NOBLIbHULL
siocmeoicenns. I[lleuoxe eiocmedsicennsi 00360A€ mMamu OeKilbKa Kapmozpa@iunux OaHux, nepus Hixc
Moxcymb  3'igumucsi Hacnioku nomenyitnozo posnady. lloginbne @idcmedicenHs 0ac uyac egonoyii
nomenyitinoco pos3nady. Mu euxopucmanu 06a emanoHHi pO3N0OiNU, OMPUMAHI: KOPOHHUM PO3PAOOM
MOYKA-NAACMUHKY MA KOPOHHUM pO3PA0OM Ha oci. IIpoeedene mooenosanis 3 suxopucmanuam Python ma
Matlab noxazyrome pisni opmu rapmoepagii po3nodiny nomenyiany noseepxwi. Koau cxanysanws
3aKiHYeHe, OMPUMAHI 3aX00U 0arOmb NOMEHYIAl N0 MPAEKMOPIAX Md 3a MeEMOOAMU KPUBOIIHIUHOI 06pOOKU,
MU OMPUMYEMO 2-MIPHULL PO3NOOIN BUMIPIOBAHO20 NOGepXHe8020 nomenyiany. Lleti nosepxnesuii nomenyian
BIOpI3HAEMbCA IO peanvHo20 NOMeHYIany NOGepXHi, 3 0210y HA me, WO GUKOPUCMOBYSAHUL 30HO HA
000amoK 00 €68020 MUMYAC08020 (hinbmpa mae 2-mipHuti npocmoposuti pirnemp. binvue moeo, 0ns
PeanvHoco  po3nodiny  NOBEPXHEGO20  NOMEHYIANYy MU  NOBUHHI  GUKOPUCTIOBYBAMU  NPOCHIOPOBY
0eKOHBOIIOYII0, BUKOPUCHOBYIOUU NPOCMOPOSUll Pintbmp 30HOA MA OMPUMAHUL GUMIPIOBAHUTI PO3NOOIN
nosepxnego2o nomenyiany. Memow oOanoi pobomu € OMPUMAHHA PeanbHO20 PO3NOOITY NOBEPXHEEO20
nomenyiany 3a 00NoMo2010 WEUOKO20 CKAHYBAHHA MA PO3NAdy NOGEPXHEB020 NOMEHYIAny 3a 00NOMO2010
NOBINLHO20 CKAHY8aHHA. LI yini mu ompumyemo 3a605Ku XOPOWUM XaPAKMEPUCHUKAM GUKOPUCTOGYBAHUX
NOMYACHUX HeUPO-HeYimKUX KOHMPOAepi6 Ma SUKOPUCMAHHAM OBURYHIE BUCOKOI OUHAMIKU. 3a80:KU
WBUOKOMY CKAHYBAHHIO MU MONCEMO OMPUMAMU OeKilbKa Kapmozpadiii ma 8i3yanizyeamu 4acoei egomoyii
noeepxneeo2o nomenyiany. Illpu nOGINILHOMY CKAHYSAHHI MU MOJICEMO GI3Vanizyeamu HOGePXHesUl
nomenyian po3Kia0aHHs 4acy-esonoyii 6 6y0b-aKill mouyi mpackmopiti, 8paxogylouu me, Wo Mu poouUMo
KiTbKa npoxoois.

Knrouoei cnosa: cucmema nosuyionysauns X-Y, naoilinuti konmpois Ho, Helipo-neuimxuii KOHMpos,
MPAEKmMoOpii CKAHY8AHHS, KApmozpais, po3nooil NOMEHYIANY NOBEPXHI, PO3NA0 NOMEHYIANY NOBEPXHI,
KOPOHHULL pO3P5L0

HAJIEKHBIA HEMPO®Y3UH KOHTPOJIb BBICOKUX TMHAMUYECKHUX MOTOPOB JJIsI
MOBEPXHOCTHOM NOTEHIIUAJIBHON KAPTOTPA®UHN

A. Meaaxul, b. Bengaxman?, B. SIxusyn®

! Laboratoire de maitrise des énergies renouvelables, ®axynomem mexnonoeuu, Ynueepcumem de Bedcas,
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Annomauyusa. B omou cmamve Mbl NpeOCmMAsiseM HAOENHCHOEe Heupo-Heuemkoe Ynpasienue
dgueamensiMu ¢ GblCOKOU OUHAMUKOU, YMOObL NOAYYUMbL O8YMEPHYIO Kapmocpaguio nomenyuana,
NOJYYEeHHO20 KOPOHHbIM pa3padom Ha noeepxHocmu mamepuanos. Cucmema, KOHMPOIUpYyemass MOUHbIMU
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KoHmponiepamu Ho, ynyyuwiennas Heupo-Hewemkum KOHMPOTeM, OMmCaexcusaem npeodonpeoeneHtble
MPAEKMopuU CKAHUPOBAHUs, Oaioujue pacnpeoeieHue NOoBepPXHOCMHO20 NOMEHYUANa U NOMEeHYUAIbHO2O
pacnaoa ¢ Xopouumu XxapaKxmepucmuKamu.

Knwwuesvie cnosa: ycmotiuueoe ynpasnenue Ho, Helipo-Hewemkoe ynpasnenue, CKaHUpyroujue
mpaexkmopuu, kapmozpaghus, pacnpeoeienue n08EPXHOCMHO20 NOMEHYUANA, PA3LOHCEHUe NOBEPXHOCTNHO20
nomeHYuana, pasnoxiceHue KOpoHbvl
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