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The article reflects features of a single information space for prison health. The main requirements to creation of a new information system

management of medical institutions are identified.
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INVERSE KINEMATICS SOLUTION IMPROVEMENT

USING A NEURAL FUZZY LOGIC MODEL

The aim of this paper is to achieve an enhanced control of multi-joints robots based on the Adaptive Neuro-Fuzzy Inference System (ANFIS).
First a database for training and a learning algorithm were proposed. A defined arm workspace was used to build the training database. Then the
joints’ angles which enable the end-effector from accessing the desired locations were derived. A six degrees of freedom robotic arm mounted on
wheelchairs of the type iARM was adopted which is used to help handicapped people to carry out specific tasks.
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n solving the inverse kinematics problem, algebraic
methods don’t guarantee finding solutions [2],
geometric ones reach several solutions provided
initial conditions for the first three arm joints’ angles [3],
and iterative methods give a unique solution but taking
singularities in consideration [4]. All these methods re-
quire a considerable computation time. Recently, a lot of
research appeared [5, 6, 7], about using artificial intelli-
gence techniques for finding solutions of several com-
plex control issues, with the ability to learn, interpret and
explain decisions. Neural networks are considered good
in pattern recognition, and non-linear approximation, but
how decisions are reached is not clear. Fuzzy logic sys-
tems are useful when dealing with imprecise data, they
explain and demonstrate how the decision was reached,
but they cannot automatically recognize the rules, which
they use to reach the decisions. Thus creating a hybrid
system which contains both techniques leads to neuro-
fuzzy systems, which can overcome their limitations,
and offer an efficient inverse kinematics solution for
multi-joints robots. Fuzzy systems behavior can be de-
termined depending on the rules and thus its perform-
ance can be improved by tuning those rules [7]. For tun-
ing the fuzzy logic rules parameters used in control sys-
tems, neural networks are used. Although the fuzzy logic
systems using verbal expressions (linguistic labels or
variables) symbolize the knowledge into rules, it requires
considerable design and tuning time of the affiliation
functions.
Robotic platforms used to help handicapped people
consist of a platform and a robotic arm fixed on it, which
moves within the platform framework using certain op-

erating software. Platforms are divided into [1]: desktop
mounted robotic systems (e.g., DeVAR and MySpoon),
rail mounted manipulators (e.g., ProVAR), mobile robots
(e.g., Gecko and Care Bot), wheel-chair mounted robotic
arms (e.g., IARM).

This paper handles arm modeling and geometric
specifications determination, examines the mathematical
model development and the kinematics solution, and
then suggests ANFIS type neuro-fuzzy model to carry
out simulations, focusing on specific arm workspace for
building the training database. The iARM robotic arm
was adopted. MATLAB, using fuzzy logic and robotics
libraries, was used for modeling and simulation.

iARM Inverse Kinematics

The iARM manipulator (figure 1) is a six joints ro-
botic arm [1] with a bilateral gripper. It has a light
weight of 9 kg and requires low energy. Joints are driven
by DC motors using speed transformers positioned at the
base. Its geometric structure offers a primary position
which occupies limited space (fold position). When
a command is given the arm moves from the fold posi-
tion to the required location. The arm can be controlled
by electrical signals originating from the human brain
(BCI). Arm movement should not affect chair stability,
guidance, control, maneuvering, movement ability, user
convenience, and vision range. Workspace is selected to
reflect the specific users’ requirements of the chairs [1].
Coordinates axes are chosen relative to the arm base
origin. Horizontal xy planes are determined to cover
a height range between 5.08 cm and 142.24 cm above
the ground level. Vertical planes are determined by inter-
secting the horizontal plane yz in several points which
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determines the planes covered by the arm in front of and
behind the coordinate’s origin. To describe the kinematics
of the arm, Denavit-Hartenberg (DH) parameters should
be determined (a;.;, a;.;, 6;, d;) for each arm frame K.

Denavit-Hartenberg parameters

i a,_, (rad) a,_, (inch) 6, (rad) d, (inch)
1 0.00 0.00 0.00 15.43
2 —T/2 0.00 0.00 7.57
3 0.00 15.74 0.00 -3.93
4 —n/2 0.00 0.00 12.99
5 /2 0.00 0.00 0.00
6 —T/2 0.00 0.00 5.31

The homogenous transform which relates the end-
effector frame to the fixed base frame, and describes its
position and orientation through the kinematics chain is

given by the transformation matrix gT [8,9]:
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Figure (1) shows the platform’s measurements rela-
tive to the base frame.

ANFIS Model

ANFIS model is an adaptive network, and a frame-
work to derive fuzzy systems. The used mechanism is
a Sugino type [5, 6], where every input takes three af-
filiation functions. The 2D input space is divided into
nine overlapping fuzzy regions. Each of these regions is
covered by an if-then rule. The rules condition part de-
fines a fuzzy region, while the result part determines this
region output. In the 1* layer each node i is an adaptive

node, containing parameters which require modification
where output is defined as follows:

Ol,i = uAi (x)a for = 13 27 33 (2)
01’1' = MBF3 ()/), for i= 4, 5, 6

x, y constitute inputs to the affiliation functions and they
are in fact the fuzzy controller inputs coming from the
system sensors. The output is the affiliation values (affilia-
tion degrees) for the condition part in the rules. This layer
contains parameters which will be trained, and they are the
affiliation functions parameters of the condition part. The
adaptive network training and parameters adjustment lead
to the emergence of new rules with a new condition part
and new form of affiliation functions. Affiliation functions
with adjustable parameters should be chosen, and the gen-
eralized bell function might be used:
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Figure 1. The platform’s a) horizontal plane, b) vertical plane

The modifiable parameters here are{c, a, b} for each
affiliation function, with a total of 12 adjustable parame-
ters in the rules’ condition part (premise parameters). In
the 2™ layer nodes are constant nodes (i.e. don’t contain
any adjustable parameters), and these nodes simply mul-
tiply incoming signals, as follows:
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Oy =w, =py xpug, i=12,3. “)

What represents the output in each node is the sepa-
ration signal or the base firing strength. Simply the 7-
norm coefficient can be used, which performs a fuzzy-
And operation as an alternative. In the 3" layer nodes are
fixed nodes which calculate the signal strength ratio of
each base relative to the total signal power as follows:

w.

Oy =wj=—~—— =123 5)
’ W+ W, + Wy
This output is called the normalized firing strengths.
In the 4" layer nodes constitute adaptation nodes with
the following format:

Op;=wifi=wi(px+qy+r), i=1,23.  (6)

Three new adjustable parameters (consequent pa-
rameters) p, ¢, r appear, where its modification affect the
result part of Sugino fuzzy rules producing new rules
with a new result part. The 5™ layer contains a single
fixed node which conducts a sum operation of the fourth
layer output, and the result here is the output of Sugino

system. Final output:
Z,- w.fi

Z,‘Wi

ANFIS model can be trained using either the back
propagation algorithm BPA or the minimum square es-
timator algorithm. This training process is called the
hybrid learning algorithm. If the condition part parame-
ters values of the ANFIS structure were fixed it is possi-
ble to express the total output as a linear structure con-
taining the rules result part parameters (p1, q1, 71, 72, P2,
q») as follows:

Os, = Z,;zfz = O]

Wy W)
Sf= Sit St
W+ W, + W, W+ W, + W,

W3 — — —
+t————fi=wfitmfh+tmf =
Wl +W2 +W3

= (Wx) P+ (W )gs + (W7 +(wpx) py +

+ (W) + (Wo)rs +(wsx) ps + (W3 )gs + (w3, (8)

This algorithm can be applied with a forward or back-
ward path [5]. In the forward path the output is calculated
until the fourth layer, and then the parameters are deter-
mined from the result part through the least square estima-
tor (LSE). In the backward path the result part parameters
are fixed and error is calculated and disseminated in-
versely, then the condition part parameters are adjusted
depending on the gradient vector. The proposed system
task is to solve the non-linear and time-variable differen-
tial equation (9) through the proposed model depending
on the database, the proposed mathematical model, and
the ANFIS neuro-fuzzy controller:

0(1) = (x(9)), (€))

where 0; = 0(f), i = 1, 2, 3, ..., n are the robot joints an-
gles, and x; = x(¢), j = 1, 2, 3, ..., m are the Cartesian
space position coordinates variables.

Simulation and Results

MATLAB was used for simulation in order to clarify
the effectiveness of using the proposed neuro-fuzzy con-
troller model in the deduction and control of the robot
joints angles to reach the specified target. The robot has
been studied in two respects: the modeling phase and
building a dynamic model of the arm, and the control
and inverse kinematics solution phase using the ANFIS
neuro-fuzzy controller.

Six neuro-fuzzy controllers were designed and
trained for producing the robot six joints angles values as
shown in figure 2. The model consists of 78 nodes which
in turn contain 138 adjustable parameters (108 linear and
30 non-linear). The proposed model has been trained on
the iARM coordinates’ data within a specific workspace
allowed by the wheelchair movement as shown in fig-
ure 3. The reached number of the fuzzy rules in the con-
troller is 27 rules.
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Figure 2. Neuro-fuzzy controller
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Figure 3. Training database

Figure 4 shows the used model structure, and figure
5 shows the input affiliation functions which are of the
general bell type. We note that the result part parame-
ters become ideal when the condition part parameters
are fixed. The hybrid algorithm speed converges when
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decreasing the back propagation methodology search
space dimension by fixing one of the parameters. In
the experiment the ANFIS model required time periods
to train 30 samples within a specific robot workspace
are listed in the table. The training process takes place
only once.

input inputmf

outputmf

output

infer the inverse solution compared with the

iterative

method, except a difference in 6, value.

=
o

Degree of membership

Figure 5. Neuro-fuzzy controller input affiliation functions

ANFIS model training for the iARM robot joints angles

Figure 4. Proposed ANFIS model structure Angle Training time Angle calculation time
0, 1.7466 0.0151
Then the model i§ employed for palculating the J oints 0, 12718 0.0017
angles. To determine the exp.er.lmental coordinates 05 0.5207 0.0019
(12.54, 10, —14.367) we get the joints angles values of 0 13314 0.0024
the proposed ANFIS model faster by 50.9006 times than 94 0.6086 0'0021
the iterative method. Figures 6 show a match between 3 - -
the joints angles values, and the error is acceptable to O 0.4873 0.0023
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Figure 6. Difference between the 2 methods to infer: a —0y; b — 0,5 ¢ — 055 d — 045 e — 05; f— 06
Conclusion a training and correction database, and a specific mathe-

ANFIS model was used as an alternative model to the
iterative inverse kinematic solution algorithm relying on

matical model of the adopted iARM robot. Simulation
results showed a match between all the joints angles in
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this method and the iterative method, except for the val-
ues of the first angle. The proposed model proved to be
faster by approximately 50 times than its counterpart
method.
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M. A. Anv Axxao, KaHAUAAT TEXHUYECKNX HAYK, IOLEHT, VXKeBCKHUI TOCyIapCTBEHHBIH TeXHHIECKIH YHHBEPCUTET

nmenu M. T. KanamaunkoBa

CoBepuieHCTBOBaHME NpoLiecca pelieHUsl 00PaTHOI KHHeMAaTH4YeCKO# 3a/1a4u HA OCHOBE MO/e/1M HePOHHOM HeveTKOi

JIOTHKH

Llenvio 0annoll pabomvl a818emMcs YayuuleHue KOHMpPOTia MHO2036eHHbIX pOOOMO8 Ha OCHO8e HelpoHHoU cemu ¢ apxumekmypou ANFIS. Ilpe-
JHc0e sce2o npednazaemcs 6A3a OAHHBIX U aleoOpumm Ois 00yuenus. J{isa nocmpoerusi 6azvl OAHHBIX OISl 0OYYEeHUs UCHONb3YemCcs onpedeseHHoe
pabouee npocmpancmeo. 3amem HAX0O0AM yeiibl 8 COUNEHEHUSX, KOMOpble NO380JAIOM 3aX6AMHOMY YCMPOUCMBY poboma NOayYums OOCHyn
K drcenaemuim nosuyuam. Paccmampusaemes manunyismop po6oma ¢ wiecmoio cmenensimu c60600bl muna iARM, ycmanoenennuiil Ha UH8ANUOHBIX

KoJisACKax, KOmOpbllZ UCnojb3yemcs, 4MoObL NOMOUL THOOSAM C O0CPAHUYEHHBIMU 603MONCHOCMAMU 8bINOJIHAMb KOHKpEemHble 3adauu.

KuioueBble ci10Ba: HeyeTKas JIOTHKA, HCKYCCTBEHHbIC HEHPOHHBIE CETH, 0OpaTHasi KHHeMaTHyecKas 3a7a4a, MaHumyastopsl, ANFIS.

VIIK 672.1

C. C. CyxaHues, acnupasr, [lepMckuii rocyapcTBEHHBIH T'yMaHUTAPHO-TIEAAarOTHYECKUN YHUBEPCUTET
M. B.'ut™maH, T0KTOp H3HKO-MaTeMaTHYECKUX HAYK, podeccop, [lepMckuii HallMOHANBHBIN HCCIIEI0BATEIbCKUI

MONMUTEXHUUECKUH YHUBEPCUTET

INJTAHUPOBAHUE JUCKPETHOI'O TPOU3BOACTBA
B YCJIOBUAX HENNIOJTHOTHI THOOPMALIUHN "

The solution of a problem of planning and replanning of discrete production by the fuzzy sets theory is submitted. This problem is a two-
criterial optimization problem, where as criteria the costs of production and personnel opinion are considered.

KurroueBble cJ10Ba: INIAHUPOBAHUE NIPOM3BOCTBA, HEMOIHOTa MH(OPMaNUK, MeToA 3aze.

poliecc TUIAaHUPOBAHUS W TEPeTIaHUPOBAHUS

JOUCKPETHOTO TPOU3BOACTBA SIBISETCS CIIOXK-

HOH M TPYIOEMKOU 3amaudeil. Pemenuro 3Toit
3aJlauy TOCBSIIIEH LIEJNbIM psii UCCIeNOBaHUM, HaNpHU-
Mep, padoTsl [1, 2, 3, 4]. OnHAKO COBPEMEHHBIC CHUC-
TeMbl, paboTtariue Ha anroputmMax MRPII [5, 6], uc-
MOJIB3YIOT TOJBKO TOYHYI, JMCKPETHYIO HH(pOpMa-
nuto. OmnmcaHue Xe peampbHOTOo Tpolecca OOBIYHO
OCYILIECTBJISETCS B YCJIOBHUSX HEMOJHOTHI HCXOJHOU
nHpopmarmu. [TompITKH OmMHMCaHUS Tpollecca IUIAHU-
pOBaHUS TPOU3BOJICTBA B YCIIOBUSAX HEIMOJNHOTHl HC-
XOIHOHU WH(pOpMAINN TIpeAcTaBIeHE B paboTax [1, 4].

IIpu sToM 0COOBI WHTEpEC BBI3BIBACT IMpOIEcC Tepe-
IUTAaHUPOBAHUS MPOU3BOJCTBA B YCIOBHUSIX HEMOJIHOTEHI
nHpOpMAITIH.

[Ipenmonoxum, 4dYTO NPEONPUATHIO HEOOXOAUMO
MIPOM3BECTH OMpPENEICHHOE KOJINYECTBO PA3IMUHBIX H3-
Jenuit K ompezeneHHOMY cpoky. Ilpu mmaHupoBaHMU
¢ nomouisto ERP-cuctem [5] MoxxHO mosaraTtbes TOJIBKO
Ha WH(OPMAIMIO, KOTOpasl MPeICTaBIeHa B HU(PPOBOM
BUJIE€: TEXHOJIOTMYECKUI MapIIpyT, 3arpyKeHHOCTh pa-
604nX HEHTPOB, crienuduKanys u T. A. Takol MOAX0x He
MOJKET YYUTHIBATH MHEHHE HKCIIEPTOB, @ TAKXKE BO3MOXK-
HbIE BO3MYIICHUS CHCTEMSI [7].
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