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The Unscented Kalman filter (UKF) is the popular approach to estimate the recursive parameter
of nonlinear dynamical system corrupted with Gaussian and white noises. Also, it has been
applied to train the weights of the multi-layered neural network (MNN) models. The Group
method of data handling (GMDH)-type neural network is one of the most widely used neural

networks having high capacity in modeling of the complex data. In many researches, different
approaches are used in training of neural networks in terms of associated weights or coefficients,
such as singular value decomposition and genetic algorithms. In this paper, the Unscented Kalman
filter is used to train the parameters of GMDH-type neural network when the experimental data
are deterministic. The effectiveness of GMDH-type neural network with UKF algorithm is
demonstrated by modeling using a table of the multi input-single output experimental data. The
simulation result shows that the UKF-based GMDH algorithm performs well in modeling of
nonlinear systems in comparison with the results of using traditional GMDH-type neural network
and is more robust against the model and measurement uncertainty.

Keywords:

GMDH-Type Neural Network
Unscented Kalman Filter
Uncertainty

Parameter Estimation

Model Identification

9 Ll Glolid & rae gloaSid (HLb )3 s92ge SIS (Sozn doddo -1
mJslae 51 (S Ll e w,s8) el Lo e T saims jbjsel ol o
052,951 Lol el loaSloss ol (b390] g ooliiwl o 90 (sl ;65! oy 5

el ataly 8 slays 5 slaws g adsl layjs Gl a4 jlal ey

S5 il e aiie gaied ;a8 slalnl egias gnac slaaSll
Sz g wload 485 aldl onij Dlogzge (ovas GladSd 4 g2l) i
slrosls bl (aseial b g oduomy b lopinnw (L3, Slubs

2 d97se Sleng 4y Sl WS (LS ol GlSes Cepe rimer LaaSs gg ol 5 [L]w5 5 e )13 ol 5,90 palae (25,5 5 5399

B e & Gojgel Sz &5 (2o 5 69959 slaosls degers

oz sleanlp iladae ;o (mizmen Sl plax Jlews W50
[43]s )l iwrs o Shae

[7-5] el azd 5 plosil (lo 2 i j35 i (aBlys 08,

Please cite this article using:

b a5 ool Sloslre yobie ol slass 5l eolinul b a5 el o] Go

Cowsdy S5 0550 Al o Jate K0Sy 4 SYlasl 5l g0l e
[2]]

Wy ca,® |y b e Al je ail e Lo ys eae sloaSin

T o odltw! Jod w,le I Ao cpl s gla ) (sl

M. Masoumnezhad, A. Jamali, N. Narimanzadeh, Parameter estimation of the GMDH-type neural network using UKF filter, Modares Mechanical Engineering, Vol. 14, No. 15,

pp. 59-66, 2015 (In Persian)



Ve 9 3135 pguase (Hixe

UKF ol yilsd 51 o dlisanl b GMDH g95 (suac sl vl jd (s

lio ,o diews] fpedlS L8 5l sl b A Jowe aS 0l e oold
Hls o ld g ) mas 4SS ST
el (6 yipalin o Slas gl 55 b Ghgasee alKiule;] loosls

GMDH £g5 (e 4 3l oaliiwl b (53l oo -2
- e 6)Lc] w)s.aT ‘5)51&‘)5 S gdae u;hbao‘o ‘5“5)5 SIS b,
wsibols 355 slapianns ol | S ule Sligiog Jol> a5 ol ol
S b odezny bt gt e S Joo &5 3510 el 1) Sl
Say e s 4y paus il all plesd el laYais peac 4SS
acgozme Ml oolital b a8 Cewl (0l GMDH g45 (coae a5t Coun
Sl Tl psles (2o ST g 05y vz SELST esls
sz X =[x, X0, X3, 0, X0] 69959 Jlop Gl a5 05d asie
o bl Soop y (Bl Jade 4 okl ax B Y sl 03] (e
bl 035 eSS (29 g (Bly (295 o sleS @b Jhde )b
[21]0ge 8oz (1) dolas ,o oo osls lis)

Z[f(xku Xi2: Xie31 o0 Xin) = Vi) @)
k=1

sz @y wly s w5 ololy OMDH o260 Lol (sliwe
el 0 (5,0 (2) Woles Gillas g 4z 0 0 i 50 Slagslabor
G(Xp, Xp) = Qg + Q1 Xy -l;azxn + A3 XXy + AyX2, @)
+asxy

FB il sla by, alasgas ((2) dolae y3 ous ools (Las) @j cul o
0SS (e 9 (Mg (79,5 o WS T s aile
[2322] 55 Jola> Xm 5 Xn (599y5 yiie Zd> 95 0 gl e o)
WP gy e GaaSd ulyd uend Coz Jshie slagts, 5 S
[24] et 25 25 4 50,Shae o258l (slo 45 sl 3500 0l
290 g0 iy y25 (3) dales g0t A cayed il [ dl> e

i XaiXaj xfl- x%}]

. . 2 2
a=|l Xai X2 xxp  xy xgp| (3)

[T % x

ll Xmi XMj  XpgiXp; xl%,“- xf,”J

S5 g 695y iz pRalesl glaosls acgeze Slawi M ool o a5
el (29>

Oygods Syiie pilie a5l eoldiul b A e ile lags al> e
295 g0 42325 (4) dolre

A=UwyT @)
S omle S0 opodels ©jget AE R L sl ol e oS
il polie LW EREC golb L le S o UERMC Lalte
VE R aye mile Soodleily 5 ol 5 g5y 2 (25hie polie)
Dyl o 4y

(5) oles 5l oolitul L GMDH g45 (soae a5y aigy ol pd pga al> 1o

09.4»‘5;0 geeey)

7- Cybernetic
8-Volterra function

15 o plats 14 055 1393 il oslallgsd e Sl uwdigo

s sl ookl joShe (alles &3, )0 Lo )5Sl ids ee 5l (S0
Se e pate oS Sl 5 255k 1l S G5 S el S
WNjsr GeeS gade 5 (Al slaseSoslwl I slallss 1) by it
Odged JBlas bl a8 Sliwlrs acgaze (5w SOl 5ld
syl g bpsie dinge oo Gl (e sl jedome Sl
drwgi ollS ild 068Ul 5l g9 5 JWams [B]usles s oolil e
oolos LT iogad ooliiul Loty ome cloaSd [ajpel e Tatily
Ol il o jsSl o Gl piie oy SO plsie cow | aSil sl
O s o ,oSl oS wsls LS e 5 485l Al dnwgs
g0l 5k Ll e o)l Ay S (6508 H1,ST Slas 4 aiBly dnngs
e oy Shaw o5 ein Ll O]l Joygs Yl s
omle rizmen 5 (0 slagyjg) Clo yaie oy dm il oo (i3]
Sloslre )3 IS s el 5 0500 Sy LS e Gl lgsS
GeSald g g Sl Slile (Saazey Gl Cua 0sdoe goue
2 slagys of o oS sisges i)l 3‘}?“ Al angs (5ollS LS oy 555
Gl b pasie Jlop wxd HI5 b g 995 0 et Iiome O jgody Y
s sl adgl polie cilizes (slacdl> cjligm g allss; [10]a0b
4 Widgel ey (s 9 Wdgad (yp ALiarwgs (allS 2 (el
59 s> il g i sl Gl )lgsS sl 1) adsl polie 4595
g Pl GallS 2L 2081 5 g o ols [LL]sss Sl anTs
oS s 2y oS oS ols Lt 5 ged ool s saSd ise]
olS ld 4 s s hSen 5 Ly ol (b, ]
[13.12] el a8l anmgs

Sz il a8 5 il axwgs allS slo ks 5l (S8l 5 5
Joe a5 Wsls olis 5 Woged eolaiwl jeing aas laaSl ijsel
G s 45 6,lge 9) atis] yallS L bl alol> aSs
Al o s Gt S8l (Sl eazy S d pole
[1504] el 55 4Bl axgs cyallS

by i 5 Joe lulid ) o pae laaSid glyil | (S,
i psSl e0 55 (oo 58 ookl 9550 polacl b g onizmy (L slapia
5 e $SaiSlal jpudsy Ly 8 ol Tlnodls ng S (ganatus
Sz 6ok Gl el sladle so [16]cut 005 oy i
5 ool 42833y ool s Lasg et Cl cglys 5 sl ololis
boled S Slds 4 Sy sl pgatar LSS a5l
o9 LolS oo 1y [1817]cun o sl oSty sl
Ol (e lape ST b g sLad Sl a5 oy bles ln
WS Py Al culpd el Sz e )0l LS e
[20.19]) el a5 5 153 oolil 50 B jain polie

S by sl 4wl GallS gld oSl Gl dlie cnl o
ooy ealiwl GMDH £9 (omac AL wolpe 8L lp ok polie
Alb 4 baje (295m 60y, eals s 90 sly siledse
ol 5 dsdie plosl o1 (g lnil omo IS an T g (s loeil (oS0

1- Extended Kalman Filter (EKF)

2- Feed Forward

3- Decoupled EKF

4- Unscented Kalman Filter (UKF)

5- Group Method Data Handling

6- Singular Value Decompoition (SVD)
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0/0336 3 1 12 0/036 16/1 44 0/056 5 1/75 30 0/036 18/8 3
0/0064 5 1 12 0/036 16/1 45 0/1792 1 1/65 24 0/036 18/8 4
0/1008 1 131 45 0/08 18/3 46 0/104 3 1/65 24 0/036 18/8 5
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0/0192 5 131 45 0/08 18/3 48 0/0928 1 112 12 0/036 18/8 7
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-0/004 5 0/91 24 0/036 26/1 81 01776 1 1/49 24 0/036 16/1 40
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