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KATA PENGANTAR

Kqnferensi NaSiqnal Teknqtggi tnfgrmggf lgn
pertemuan ilmiah di bidang teknologi informasi (Tl) yang
dalamnya para peneliti dan praktisi dapat mendiseminasikan
mereka dan sekaligus mendiskusikan isu-isu terkini di bidang
merupakan wadah berkumpulnya ide-ide dari para pemikir yang
yang-bersifat murni dan terapan. Beberapa peneliti yang akan
penelitian mereka berasaf dari berbagai perguruan tinggi ternama
tetangga Malaysia.

Kurnpulan makalah dikemas dalam bentuk prosiding
dengan bidang kajian antara lain Soft Computing, Rekayasa p
dan Data Warehouse, lT Governance dan lT Management,, Kom
Komputer, Pembelajaran Berbasis Komputer serta Sistem Kendati-.

Makafah yang dfterima berasaf dari sefuruh Indonesfa dan
Makalah yang dimuat dalam prosiding KNTIA 2009 tetah
reviewer-reviewer yang berkompeten di bidangnya. panitia
terima kasih atas keikutsertaan dan dimuatnya makalah
Panitia juga mengucapkan terima kasih kepada Pemerintah
semua pihak yang telah mendukung serta partisipasi aktif
konferensi nasional ini.

Saran dan kritik demi menuju kesempurnaan prosid
diharapkan. .Semoga prosiding ini dapat digunakan sebagai
pengembangan teknologi dan peningkatan pembelajaran di bid:
Aplikasinya.
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nasional, dimana di

penelitian terkini
Tl. Konferensi juga ini
dapat berupa pemikiran
mendiseminasikan hasil
di lndonesfa dan negara

dikelompokkan sesuai
Lunak, Data Mining
i Data dan Jaringan

tetangga Mafaysia.
i tahapan evaluasi oleh

n selamat dan
prosiding KNTIA 2009.
Sumatera Selatan dan
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KNTIA 2009 sangat
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Teknologi lnformasi dan

Pale , 2 Ok{ober 2009
Ketua P
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WEIGHTLESS NEURAL NETWORK CLASSIFIER

^ B1bang Tutuko, SitiNurmaini, A. ZarkasihDepartment of como-uter E"sii"""riig,.Facurty of computer science
ba&!a,n_uru&s@ursr.*,n,#i'Xiiil'J,,i,bt#f [r;;r,"*_i@rarep..ssa

ABsrRAcr 
],:"#if ffiX'"";r;: i:,!ef::f:!?:i:{:#;t::#,:Ex:i,:il;,1:,,:;T::::,#:?:_:::r, ibut many vaiants are rather,r*ri"" iL^ir, *a iiiirtir. oyhtilitiv9 ,, ,r;;,;;,r;#lij/j.ij;1,apptications' However,-o-ne a"y oinllr"i'irt*orxi i iirr'llirlo 

.a i.,uiuitii,ii, h*d*n" _'ithe so-cailed waohflesq neurat networxs 1vtluws1 
""; 

;;';;;"J'1311."g ,-o RAM (RaidomAccess !
Memorv) becausi their lealtiio i-n;'iiiini'iitit, ,diini{"i" .bnyassociared witn reaaing rron txr'x::#:,i:,rr'#"trt:mi,:rjwini:r"ri:,:;,:n:r;*,,:,";:::i.#:iy-1
'iil:#:;y,;:L::":;,::trffif::H#::,*;;;;;;:;i;;7!"J?*,0"commanabyt"-iiin,memory
K'eywords: weighiless Neurat Nelwgrk, envirQnment rqognition, randomaqc-ess riemory.

I. INTRODUCTION

,^Ifgrn.multipte classifier sy$ems are beingrncreasingty emptoyed in prj,rti""f -af,fication
domains where ihe reguired performance levelexceeds that achievaoie rroni i 

"in#"p"tturnclassifier. Theseconcun-enry 
" "rfJ$"Ti *,y,flf "LSoJggach of whose defining 

"n"r"a"ri&JiE aureto address ancrassincation .it ::T"t 
"notortli" K::ii;problem domain in question.

^ 
Aulonomously recognizing in mobile robot isa prominent examfte oi oim"ut- ,I",i"ti"problems, and has long attracted theapplication of a yile ,""g";*;werfulcfassification methods t r al ii i"- 

" 
i"rii,lr,"u,,

To-u"f needing a rot br 
".rpLxL"J,'[*"r,and giving not so much accurate results rnterms of robot pose estimationlig'1.- '""""

Mainstream artificial nurr"i nitworf. (ANN)modets are based on *"ignijliijon._threshold artificial neurons, as 1ne pioneering
lltJgslad Losic unit, 

"r 
trrrc-rri"JnPa"n0"'r,n"

. li? ^The. 
biotogical analogy u"nini in,:"-*oo"rres on the maooinq or.til 

"v*pti" Jti"ngtnbetween the output"produced and transmittedby the neuron's axon.and trre rnput'J'1"*"_
llyptj" - neuron, Inro pseudo_continuous
::Tri3t.. weishts 111]. N;il;"*generatizations of artifi ciil vieigr,tJ_s;r]j*_threshold neurons, such as s,s;,a-ii ;ii". o.exist, this means that the oeliJritrc' ti"u],,n"rnosuy noticeable morphotogi cai JriuiJ"dr,n.

a

neuron cell, is not being taken into account inr.il-"tfuiT ANN paradilrn" 1i iy."'- -""""Weighiless neura!_ietwi.xls (WNNs) arebased on networks or Ranoom R"Ju""''r-J*orV{RAM) nodes. wNNs 
"r" iu"riJiii-r,"iin",.,neural networks that.are trained to ,u;d;;u.pattern based on lookup tiur"*'irr"i'"t*"neuronal functions. ffrby Oo- noi'i-,uu"multiplicative weiohts Oetween--nOO"], n""".the name [6].

The use of RAM nodes in patrernrecognition probtems is dating 50 years !"u- ,nuwork of Btedsoe ano.. Broining,i;j.";'h"."
ly_"]F are. typicaily used- in, p"tt"rnre_cognition apptications because of freiilmarsrze and computational. requireme"i" 

'f+fSf
Some. years tater, nrerslnoei' ',"irJo?"o

llor* Los.ic Adaptr u" .rvr i.ro"ir"rji t sinir]"" 
"on-tuple RAM nodes as oastc components for anadaptive tearning network iri1. wi'n 

"'tn"
availability of intelrated circult meniories'in tne-tate 7os, the wiSARD (wrrtes, -di;;h'#""nd
Aleksander Recognition'Device) *r"'tf," ii"tartifi ciat neurat neivork macrrine i"'UJ o"[r,"0and produced comr.ly1ry il"n'#;'Jo:'":lj:ln tjjrtlft 

"',','T:GSNs [16] and GRAMs [12] 
-- L'  re t  ' l

Ir4any researcher using this technique in
I'gblte robot appticafion inJcates tit, 

"pir**maybe successfut such as pr rii iiil"l1Xl"J.paper demo *u"t"",1 J"oJ.?1"|'JI1li?1;lllr:T
WNNs in embedded ' ,"oil. '"rlorl"=,o|.
recognizing and ctassify tne environrdiiln tne
lll?.gr3ph" rhat follow, the WNNs 

"triJur" "noapplication in mobile robot will;; ;;;;O



WNNS STRUCTURE

of experiments that measwe ll.l.Learning phase
of environment will also be given,

IC{T1A'O9 : Jurusan Informasi Fasilkom t-tn..i

The input address is presented to the
network. The desired of every cell in is

output. lf the desired
is 1, the addressed

by one. lf the desired
is decremented by one.similar to Random Access Memory

components that are attached to eacfr of

;;$lpeightless neurons) with n address tines, 2"
,,.1. UoraOg Jocations (sites) and 1-tit word length.

'. Each RAM randomly samptes n bit of the input
.l,pattem. Each pattern must be sampled by at
,.' least one RAM.

the same as the
The main component of the WNN is the orrtput at the input

of dass discriminator (Figure 1). A location is i
consists of a series of address output is 0, the

The learning

ntuples, where the value of the n-tuple is
the address vectors
towards the outpx.rt

as the address of the RAM location.
incremented when the network is trained. ll.2.Recalling phase

newon inputs are connected in a randorn
to the feature vector, each neuron is

binary pattem recognition device. Each During the recall
consists of M RAM-like neurons

each addressed

then involves calculating.
r the nex,t layer, moving

s, again, the content of
, starting from the input

layer, is interpreted as (undefined), 0, or 1 as

that the output of cell miglt propagate
fonrard an undefined In the output cell,
we determine, for

(either O or 1). We to run through the
training set in this way until all U's are replaced
by 1's qr O-s in the
should be less than

layer, The size of d
f the cell size. We have

found that the classification result
rmproves significanfly

III. ENVIRONMENT

WNNs

lll.1. Classification

RECOGNITION USING

We considered the n target that there
of moUle robotextst in real envi

applications such as edge, corner wilh

the counter value is
respectively. During

the nearest address
rneasure of d to a

angle 90 degrqs,
degree. Length of

between the hed of
objects is assumed to
20, 30 degree. Fig. 2,

negative, or positive
we can clearly see

U location addressed.
to a Hamming distance
ned location's ddress

eQrner with angle 60
is about 45 cm and

the environmental
nine classes

Figure 1- RAM Dscriminator

For an input vector of size K, the number of
necessary neurons J of connectivity N that
should be used to cover all inputs of ihe input
vec{or should satisfy: J ' A/ > K- This neuion
group is called a cliscriminatorand its response
is produced by onnec{ing an adder that sums
the neuron otrtputs, counting the number of
active n-e_urons (neurons outputting "1") in the
group t6l This response vector can be
regarded as a feature vector that measures the
similarity of an input pattem to all classes. In
the WNN, a Winner-Takes-Ail-Block can be
attached to the adder outputs to choose the
discriminator containing the greater number of
active neurons, pointing to the winning classes.
tracn pafern will produce a feature vector that
oescribes its similarity to all classes.

other objects are of size. These objects
at four distances 10, , 30,40 cm. Also angle

le robot and these
-30, -20, -10, 0, 10,

classification at
environment_

The WNNs is
environment by
implement the

to identify the current
ing typical patterns. To
8 bit dlta from eight

uftrasonic sensors is to delermine the
direction of the The combination of
them appearance in seven directions makes
up different input such as, front, right

side, dght back sidefront, left front, right
side. The winner-left front sirCe and left

65



takes-all decision chooses that has more activeneurons and encodes it.
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Figure 2 Environmental classification

t1r.2. Learningstrategy

_ 
Hgre we use patterns with a single far,rnedium, or near obstacle to train tte"nerrafnetwork At a time the obstacle i" pL& indifferent directions and in Olfference it"n*.The WNNs then is taught tnaf tne-odiloe atleft side, right side or forward. Using thistechnique, the value distinguishin! oi"t"n"". 

"nobstacte has to oe obtiined "nr"t,--in 
tni.experiment, the variable sensors are sing; oytethat hotds the sensor readings. ln theevatuation phase. the W-NNs UV gEn"r"iing 
"rrthe possibte ingrt combination.'fie nurlu, or

possible combination is 28= 256 combination.Th.en, each output for al inpuipo""idtil;;*""
yil:^ to a. tookup taord, rJjresen'ii,i-J tn"neuron combination-

The calculation of this value is based on thedistance from an obstacle to tfre roOot,-Using ontlli? catculation, the threshotd uatre"'. to,distance of the robol .ar9 OOTOOOTO'iJd cm1indieates the obstacte is far, O0OiOririi-O 
"rfthe obstacte is medium, and 001011f f iJO cmtthe obstacte is near ano otoo,oii tii-"rl 
""obslacle is detected-

IV. EXPERIMENTALRESULT

. Experiment is conducted to demonstrate
the ability of a mobile robot to react-to va-riousunlmown environment. The resuft is Oa"eJ'onlhe environment cfassification. 

- 
T;bt;;l""

:loyn using 10 experirnent Cata, winner taf<ear tearntng algorithm has achieved 95 %recognition for obstacle and 94 yo ctassiRcation.
How ever the poorest result was'it tn"l"O"t
:lo:es the objeet, where the seanning ;;;;;rysector of the robot was quite high 

"nO 
so*unoise has stifi interfered in echo;i;;"t - -"'
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Table. 1

v. coNCLUStoNs

The operation of WNNs ctassifier that
lines of code to be

would take hundreds
implemented can be with one singleinstruction that reads t command byte in thememory. The classifi ts stimulated withevery possible input
output table is

modes microcontroller
-small amount of data

and a correspondino
r. The netwok walimplemented with very

system 20 Kbytes ROir

assembler and mobite was able to detectan environment in a time.

memory about 256
code program
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