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Abstract

In this paper, based on the genetic algorithim (GA),
we will consider the optimization of the artiticial
neural network (ANNS) architecture (the type and
structure).

The chromosomes generated by GA contain the
information of the neural nctworks, from which
can we approximate an unknown nonlinear
function.

The multilayer feedforward network 1s involved
in this paper. The weights arc obtained by back
propagation (BP) algorithm.

Keywords: Artificial Neural Network, Genetic
Algorithm, Nonlinear Function Approximation

1 .Introduction

In the conventional mathematics analysis ficld, 1t
is often diflicult to obtain the correct result if we
want to approximate an unknown nonlincar
function that has a large number of input variables

[1].

And in the time series prediction ficld [2], faced
to a large number of unceasing changing data,
what shall we do?

Also in the system control field, if we want to
obtain the model and the parameters of the control
plant, especially for the nonlincar analogous
system, we often use the model reference adaptive
control method (MRAC) or self-regulators [3].
But we should consider the problem of Lyapunov
and/or Popov stability. And the model is often not
accurate because of all kinds of factors that we
have considered and not.

In this paper, based on GA, we will consider the
optimization of the ANN’s architecture (the type
of ANNs, the number of the input and hidden
layer neurons, the type of functions of cach
ncuron), from which can wec approximate an

unknown nonlinear function.

We know that the most important fcature of ANNs
is their learning ability. ANNs leam from
experience, generalize from previous examples to
ncw ones, and abstract characteristics from inputs.
Recent advances in ANNs have led to several
applications such as speech rccognition, image
rcstoration, and nonlinear function approximation.

ANNs have the advantage of organizing all the
data altogether to find out their inner relationships.
GA is a good mcthod to tramn/test these data.

In the ANN’s design and development project,
there are a lot of tasks: splitting data into training
and testing sets, determining which input
variables to use, selecting the ANN’s type and
optimizing the structure. Fig.l gives some factors
that will influence the ANN’s performance [2].

Fig.1 factors that will influcnce the ANN’s
performance
the number of data records

the number of input variables
the number of the hidden Iaycgund the hidden
neurons per layer

the size of population

the type of accuracy calculation
the type of ANN that we want to use

The conventional process is at lirst to select the
neural network type, the number of the input and
hidden layer necurons, and then traw/lest data.
These selections are mainly bascd on experience
and some special methods [4].

In this paper, we consider the automatic neural
nctwork architecture design. That is to say, the
chromosomes generated by (GA  contain the
information of the ncural nctwuiks, and we use
the genetic operators (o obluin the best neural
nctwork type and structure.
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This thought cmcrged from the need to easily and
quickly discover the best data elements and ncural
network architectures.

2 ANNs Optimization Algorithm
2.1 Genetic Encoding Method

Since the chromosomes generated by GA contain
the architecturc information of the ANNs, the first
step is to encodc ANNs into binary strings [3].
The maximum number of input neurons N, and
the maximum number of each hidden laver
ncurons N, must be given in advance.

For a ncural network, we should determine the
proper number of hidden lavers, the number of the
hidden neurons per laver, and the transfer function
of each ncuron (the transfer function is an
attribute of ncurons, not lavers, so we trv (o
design multiple transfer functions per laver).

So one chromosome should contain the input arca,
the ANN tx pc arca, the hidden laver area and the
output area. Fig.2 gives an example of an encoded
chromosome and Fig3 is the corresponding
explanation. N,, represents the tvpe of ANNs, N
is the number of output neurons.

input ANN hidden laver output
- e
l\flmnt ‘\'nv 2 ’\rhmn_r 21\‘;-
110 oo 1011 10 00 §|l||1000 o1
Il, i h; "

Fig.2 The chromosome and ANN structure

2.2 Training Frocess Explanation

The initial populations and weights of ANNs arc
generated randomly. And the ANNs are trained by
BP algorithm. BP is a systematic training
technique for a multilaver, feedforward ANN, and
it is capable of approximating any function [4].

The objective of training is to adjust the weights
so that thc application of a sct of inputs can
produce the desired set of outputs.

Binary :
Area . i Representation
string
1 existence
Input laver :
0 not existence
001 Multilayer Forward

ANN type 010 Time Delay ANN

00 not existence

hidden layer 57
and

Linear function (L)

10 Sigmoid function (S)
output layer

11 Hyperboelic tangent (T)

Fig.3 Genetic Encoding Method

For the function approximating applications, we
use random sclection method to split the data into
train and tcst data. This method is excellent when
we want to avoid possible trending effects that
may be inhcrent in our data, especially if the data

was sorted previously.

In this paper, we present an example of how to
approximate a nonlinear function (just like a
multi-input onc-output nonlinear system).
We usc a multilaver feedforwvard ANN  to
represent this function, and the experiment results
are presented.

3 Experiment
3.1 The Training and Testing Data

There are 400 input/output data sets to train and
test the ANN to approximate the function:

F(x,x,)=x]+3x, +1 Q)

For the objective of watching the cffect, we add a
variable x, as thc random or noise input variable.

Thus the sclected ANN should have 3 inputs and
1 output (Fig.4).
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Fig.4 The traun/test data

Fig.5 gives some important parameters of the
ANNSs and GA that are used in this paper.

Records 200 training / 200 testing
FlCldS xlv xb xl) y
Generations 50 (the stopping criteria)
Population Size | 30
N, 3 (X1, X3, X5)
N 8 (in each hidden laycr)
% of the best individuals will be
Reproduction selected to survive, the remained
(selection) (100-P)% will be treated by the
genetic operators
Crossover two-point crossover
Mutation general  random  exchange
method at the rate of I’
P, 50
P, . 0.25

Fig.5 Some ANN/GA paramneters

The objective that we usc the additional varable
X3 18!

In the system control ficld, il we want to
rccognize the control plant, we sampled lots of
data from it, some of them arc usclul, some are
uscless. Since we do not know which are useful to
recognize the plant in advance, we should add all
these data as the inputs to tram the ANN. This
experiment is to watch the eftect of those useless
data for the recognition of a systcm.

3.2 Experiment Results

Fig 6 gives the sclected best ANN. It was found
on the generation 43 afier a runtime of 00:42:03.
This nctwork cmployed 2 inputs and 2 hidden
layers. Its training average absolute error is
AAE,,, = 3.1463, s testing avcrage absolute
error AAE, = +4.8228, which,

AAE = ot Tpeeed 2)

In this experiment, the variables x, and x, are
important, x; should be uscless. But we sce that x;
sometimes is included into the modcels, we think
that 1t 1s because there is somce falsc correlation to
the predicted output.

As the comparison, if we only use x;, x; as the
mput variables, the result is:

The best ANN (Fig.7) was found on the
generation 20 after a runtime ol 00:12:15. This
nctwork employed 2 inputs (x, and x,) and |
hidden layer. The hidden neuwrons we 1S 1T 11,
and the output ncuron uses the Tangent (T)
transfur function. Its traming avaage absolute
crror 1s AAE,,, = 76811, us tesling average
absolute error AAE = 3.09606.

We also have some simulation rcsults based on
the method presented above in |3 |

From the experiment we can sce that this method
can automatically deal with the usclul and useless
data well.

3.3 Fitness Function
The fitness of each fully trained ncural network 1s

calculuted by the following cquation.

N
f= ;_.mo_smuw —7[\—/1-)1,-»’(1 k)

Tl T hnax
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E is the error of AtMs (equation 2). o and [} are
coefficients implyvivg the influence of the input
neurous and the hidden necurons.

input arca 2(x, . %)
hidden layer 1 | 2S 2T 2L

[ hidden layer 2 | 3S IT B
output area |1 (1T) -

Fig.7 The sclected hest ANN (2 input variablcs)

4 Conclusions

The chromosomes generated by GA contain the
information of the ANN, and we use the genetic
operators to obtain the best artificial ncural
network. We also use multiple transfer functions
to design the ANN.

If we believe that there is a strong functional or
mathematical relationship between the data we
presented and the results we desire. an unknown
nonlincar- system then can be represented by a
nonlinear function (even this function cannot be
written in the pattcrn of an equation). Then the
method prescuted above can be used to the
problem of thc identification of a nonlincar
syvstem.

The simulation results show that the presented
method is suvitable in the approximation of a
nonlincar function.

Also there arc many factors that will impact on
the performance of training. For example, since
data come from a varicty of sources and rarely
will it bc on a common basis, some initial data
preprocessing work  will be necessary.: And
different applications should use different training
mcthods. For example, nonlinear function
approximation uses random selection method to
split the data into train and test data, while this
mcthod is not appropriate for time series
prediction. because the sequence of the data
records is important to this kind of applications.
When we use ANNSs, we should consider them.

In the near (uturc. we will add other kinds of
ncural networks and training algorithms to expand
the scarching ability of this method. Also, we are

considering using this method to other
applications.
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Simulation of GPS/INS and Attitude Determination

Integrated Navigation with Kalman Filter
WANG Hui - nan, WU Zhi - bo
(Department of Automatic Control,Nanjing University of Aeronautics and Astronautics,
Nanjing 210016,China)

Abstract: The GPS and INS integrated navigation system using the observation of position , ve-
locity and attitude are discribed ,and the dynamic equations for the integrated system are set up.
With the given airplan trace, the simulation analysis to integrated system are performed with the
help of digital computer using the theory of Kalman filter. The result shows that the integration
attitude measurements can provide direct observation of the error of SINS, thus improve the per-
formance of the navigation system. Another observation is that the GPS attitude measurements
do have a significant effect on the resulting position accuracy and are more effective in reducing
the heading error than the position measurements. If GPS attitude measurements are the only
measurements used in the Kalman filter,the performance of the navigation system can be better
than that of only using position measurements.

Key words:attitude integration; Kalman filter; integrated navigation; GPS; INS; simulation
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ARETE, BESM AR EE RKBSINAE B BRRRETF a8 . SR B A, RIRIZEF
RERIEZHEMERN FNSHE ENRE (B EMNEMIRERHE EA R, KitE TERE S 4E KHiR
£, TREFEMHRESMARTEERERSAN. MEREMLRATRARENFAEE, (EXRL
FERATEE LEA, B TRIEMYLSNES), ¥ FE R SRERKNRELENREFS . EEX
EREMESES. AT SR LA, R ITAIE INS #1 GPS SAITHAEE MR &, LIE M/ 7 ™
HAE, LEFURES RGN EIEFAEE R FATERE.

HHHASSMARE/RSIBEETFFTAZ M A GPS AYAL BN B AT & , bR SA
ERMRERSE ., (HFEEIESK GPS MABARMH#H—SRAKE,GPS MERIKESIHKGEIE

ELTE . EHHIEFHELTE, PERSTILSAAFTELTE
I F5 E #2000 - 01 - 29
Ve a4 . EHAI1946 -), B, 2088, AR AR . GPS REA S SM. AR REN AT,



2 FEES RAR/RSEEIEN GPS/INS B4 4 AHANPTIR

A EREANE AP E BrU AL R R RS A A RS SR EER , U BREHEN IS
. EZhr b EFREY RS EEETUAERRBESMRELR.

MAGAES AR S X E TR EHT BTN RIEESNERE, MAREE F/R2E
B ANET RSN T Z ARG EEEAIN . GPS BHER SRYMEBN T, e s ik R B
PAIRES B4 L W AT A SRAT B GPS R AERIE . I TR B35, GPS/INS & RE B —E0A
AR TR REEN SAMEAL.

2 RENE .

GPS AJLASEEYESE, Al e A P I— = e i i 2 B i 4R A B LA RAE By B
B, HIHEH P B THE RSB EEERENEERN SHIRENERTR Y hEE”, f HBRAMLE
BIREEM TN AR, BN EAEERE,IREE 100 m A4 (C/A B) FEE T H GPS Rk 5 E
BRH L SR TRE, LT AE RS A LR R EEA S f R |, A ESES U — SR & S
SHHEE.

BT AR GUR KGR 2 AR COYL LA KT 8 N B CIRAE T 8D | 15T i B Ay R BE
MOLE, URMBRENES. BREREHSMBELTER.

V=7— @&, +8,) xV+z eV
RER—AE, 1% INS AIEI T RS RS, ER A PR REIHR=EAL A4S, B EXTER.
V.= f, + Qu,sin L + (V,/R)tan L)V, — (2w.cos L + V,/R)V,
V.= f.— Qausin L + (V./R)tan L)V, — (V,/R)V, } (2)
V.= f.+ Quicos L+ V./R)V. — (V./R)V. — g

YR BT BT [ ATER B AU, TR 2 V. /3T

V.= f. + Qusin L)V, — V.(V,/R)tan L} il
V.= f. — (@sin L)V, — (VZ/R)tan L ,
HFEA V..V, NSE BENITHERRH:
L= [Vu/Rde + Ly _
@
A= [V/RIsec Lt + 2

3 HERGBMMEREHE

X GPS/INS & REHFE R BX REMEZREHT AT, RITA - RIS TR
RRGHRERTEBFEN ZEHMUERERES, EHES BT : .

XWO=FOX®) +GOW) , Zt) =H®OX®) + V@) 5 -

KPP XOANRGHRERE,FOHNREHRSERE, WO N ERGHEBERE R, H @) AILNE
RE, V() RS R A R m R, G () FEEYLE AR, WO V@O AEARHX S EIREEAE
&l E{W@) }=0,E{V(2)}=0,E{W(OW®)}=0@) . E{V@V @)} =R(t), E(W(®)V (&) } =0, F
Q) ARGERE AT 2238 e, BR VAR B RE; R() A BHGFSRY 5 2R B, TRV IEE .
3.1 EERSEEIE

T XT GPS 1 INS RGIVERE RaRZ IRAIHT A 3CR A 21 EREXR R F/R SUEIRFHIFFF
RESEHET RGN H LI, RITEFRERETRIT ALFIREN (01,000 , BEREN OV,
Va8V BASIREN (6580, 8.) , FEBBBE N (61 61y 1 62) » IR ETHREN (Vs Viy, Vi) , GPS EZSIR
2 9 (P » P » P ) » (Pre s P s B o



EERHE KRAFREEEIN GPS/INS BEHARAMHER 3

IRERRIAYRIIANT
- j_{_/ R +htan L)¢y— (@, Ry +/
By= Rf:i— 7 —@e(sin LYSL— (w;sin L+ R:i 5tan L)¢E—E:—:_7l¢u+e~ r®
b= Rf—%—/ tan L+ (w,cos L+R _Hlsech)SL-i— (w,,cosL+R +h)¢"+ h¢~+€u
dve=Snb— fu¢~+(R _Hltan L— z +/ 17 )0+ (2w,sin L+R +/ tan L)dvy+
(2w, (cos L)uN+R _Hlsec LA+4-2w, (sin L)wy)dL— (2w,cos L+R -H Y+
Sun=Subs—fisy—2(e.(sin L+ 7= + jtan Lde—7 i’i By — R::_ -y — L
(2008 L+ + )sec? L)vpSL+ 7y
8hu=feby— Fube-t2(@n(cos Lptr )b +2 g dw—2ei(sin LYwdL+y
8L=R6y—:h
= R&fﬁhsec L+R +hsec Ltan L3L (8)
Sh =3V,
3.2 BEFRE

EFASREMBRATER . Z=HX+V, EAEFMELR P, F GPS RS HEAOLE EEM
B EENEEEARIE, 254 FREBBEMTRS ZEAMNIRE, REMRS REHTHKIE. XF
e ARGE TEERE,ETFLEREH; MEARNRENMLTE. FSFNEEF —ER
B, BRAE GPS #9 LB B iR 258 3 RET B AR, MR R /R SR I SR TR, BMINRFS B4 1%
B BOX — R TR S A TR AR IR A IS AR A S RUE A, (E 2 A B iR 2004
REFIa], FEX A A A AT MR 2Z/E M R A AL FE, 1% GPS H AR BRIM RS BN Lo Ao he B
ESBA von wor e » BES BN ac. acy o RS RRHHH AL FEE BN LA e  BES RN viv e
v s WIS ER arzary ar s MM B AFE Z E, MK 9 4ERM K& .

Z=[L1—LcsAr—2 sh1—he yVin—YeN »ViE—VGE »VIU — VU Qs — QG » @y — UGy » Xz — Gz ] © @

RRMBENHTENR .
H, v
Z=HX+V= [Z X+ [V,,

Ve
He B, BB o 4 B AT 9 B AE RE, ., 2L B 7 BE B iy B AR, H. LI B ST R A A
MFERE,

(10

A=A +03A A "‘_R—Nlc\gﬁ,
1R SFALEE B GPS Bl BIE B4 5N ‘L‘=L‘+8A}*nLG=L,—NN/RM , B XA E Bl R
hx =/l,+8/1 hG=hz—Nh

BR:



4 EEMES RAR/RSEIEIY GPS/INS BEMA S RAMNTIR

(Li—Le) RuOL~+Ny -
Z,(t)= | (h—As)Rncos L}= Rycos L3A+Ng }zﬂ,(z)xu)urv,(t) an
h—hg Sh+N;

AH,H,[diag[Ry RycosL 1]03x1s]» V,=[N~v Neg  N,J%,

BMEEENE RS LR, KT ED AN o oheOpm: 0w =0, Hpn 0% =0, Hpr 10 =0, Vs B
H,0, J HEEM B4 8 , Hov AL EIKFALBE LR ZE R Hoe W R r‘vJﬂ‘—LLEULf’Im%,—fzﬁ Vo AE
BEEJUTREZRR.

N =Vn—+0uy

RS REHEERF BN me=ve+u }J‘—tq’ vewnw e CATERE IR AR IR R B A B SR .

vy =w+dwy
von=vy—My

GPS #W PR AR E(E BN vee=ve—Me },EQEP My.Me.My ) GPS IR IR %,

vou =w—My
UN—YoN

EXEERNRER .Z.()= {vus—w;a =H,(O)X@®)+V, () a12)
Yy —VYou

E:Q'FP vHu=[03x3 : diag[l 1 1:' : 03)(15]0
A o} 7~ GPS Bl ChEE R MIRIRZE , WA b K7 AR E R ZERHES B A -
0v£=a;,°HDy,0',,N=Ui,'HD,,0.,U=U),'VD°
a, =a,+0¢,
RSRAEHETEEN a,=0, +8¢:,},5£43 a:.ay.a & CITEHE IR R I B EH .
a. =a.+0p.
aG,=a,— ¢,
GPS S EBF RN :ac,=a,— 3%, } & SCEASRMRER -
=a.—0¢.

A — QG
Z,()= {ax,—ac,] =H,()X(@)+V.(2) a3
QA — QG- '
AP H,=[0sxs : diag[1 1 1] Osxs :diag[1 1 1]:diag[1 1 1]1.
BERNARE EERIRBMESHMNRESEE—E, 5.

Z,)]  [H,® V()]
Z() = sz<z)}= [ZL(:)]XQ)—}- V() | =H®OX@O+VE) (14)
att) @) V.(2)
BUAOLE GEEE B AE BEREHE A E &1 HESH
Ao RRTE. e | s OIRAIRAT R
F—1 GPS BEHREL B M, % o = 2
IR AL B ST B HLAL R, ) | @D | e |
BEHLE L — I T R S TR e AT — fivie 80 0.1 | 0.3/d | 0.22/d | 4000
FOE, BN ART ZRIRE B FHm o6 0.5 | 0.4/d | 0.35/d | 600
u;;?iig:%ﬁl%ﬁTmﬂgﬁ’ Bm ow 0.5 | 0.4/@ | 0.35/d | 600
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EEESF KARRSIBHN GPS/INS BEHE REMTIR 5

4 IRSREENE
4.1 XKYLKITHUEE

H T HISERREI AL, MITERB A A E S KL, 7S RE0ET X KL KITALE ST LR 2
|, 4 RS AEMNENE, 55 GPS R THA SAL. HlL, YITHEAEREER EE,

1 EFRRYIERL A, BATIRE T JLAN S8 A KT BT AL BIR KL AITISA S 5T

Fr1a]  FRI6] ;R 300 m/s; B 118°, 4 5 . 32°,

HEKILRITERNT .

QOIEFEFIR KITEEHN10 s;

@R[ s BE R FAR AR, AH2ERT R M50 s, KATHHEIAS0 s, FRIBIINIEEE = 46> 20—y ;

@SIFEF KEFEI 10 s;

OETXKIT, HEAREN o, KITETEIAS50 s, A IR E A —V.esin 7, JLE IR A —V.acos 7;

O AR 513 KTATEA40 s,

He,p=w@—70) AT BE,V,=50(4e~* %2~ —40) +300,
4.2 FEFEHER

RIBRS AR NERHENE, M YRR E S 30T R4 2 R B R W E T LB 3] Kl
R ESH, RS EH TR B S MEETUER KA RS, RITIEXESKENT
MBS EETFETT VLA BB TRV AT, BES GA Sh S R TS , T (B 2 4
Frdfn tH A B ST S A B SE R R %5, T PR 1R 2 X IR E T E B S T RMZIE 2K
4.2.1 PEsEX :

X FPEIR{L BUFEREB A o=+, AP & H—r B/RBIRIR, 0, WEHES BE3 K
PEER BRI SR, I o= —%‘er+w,,:?i.‘1’ T, FAAEETE].
4.2.2 MNEEIHRERER

EEB I D /RARE R, BB 3R s B AR EEAAMR, B8 . V= —Tl—av¢+wa,it
# T, FFEREE .,
4.2.3 GPSiE

GPS Byt éa i B AL B A B — R BT [E AR, LR . B E R P X R EE B S . B T
TERTE AR, BT AR GRS , Tl B S R E X, RNREFARESY TR/ A3, X R AR 7 s 2 hn
KEFAIEIE AR,

5 FIRBIBIKZHISCIL

AR RR AR TR GPS/INS A& RFEMEM . F/RSWPR—FRIER/ N T E BT
®B, ENMEFET FSSEMNENERGHTRE(—. ZHRiHD A, 8 FRA TREZRGEE,
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