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POSLOVNA ANALITIKA,  OPTIMIZACIJA  I VELIKI PODACI  

Mirko Vujoġeviĺ 
redovni ļlan Akademije inģenjerskih nauka Srbije 

Fakultet organizacionih nauka Univerziteta u Beogradu, Beograd, Ul. Jove Iliĺa 154 

mirkov@fon.bg.ac.rs 

 

U izlaganju ĺe se dati pregled osnovnih pojmova, rezultata i izazova u vezi sa primje-

nom savremenih informacionih tehnologija u podrġci rjeġavanja poslovnih problema.  

Poslovna analitika (Business Analytics) je relativno nova sintagma, krilatica koju je 

prije nekoliko godina lansirao INFORMS - ameriļki Instititut za operaciona istraģiva-

nja i nauku o menadģmentu. Poslovna analitika je zajedniļki termin za vjeġtine, tehno-

logije, aplikacije i praksu neprekidnog sistematizovanog i iterativnog razmatranja, 

prouļavanja i preispitivanja ranijih poslovnih postignuĺa (performansi) da bi se unap-

rijedilo poslovanje pomoĺu naprednih metoda planiranja i informacionih tehnologija. 

Ovaj termin i skraĺenica BA brzo su prihvaĺeni od strane proizvoĽaļa softverskih 

proizvoda namijenjenih podrġci racionalnom donoġenju odluka, ali i od menadģmenta 

velikih kompanija koje su prepoznale potencijale savremenih menadģmentskih infor-

macionih sistema. Kao posledica toga, nastala su relativno nova i veoma traģena zani-

manja ï analitiļar poslovanja i analitiļar odluke.  

Za primjenu koncepata poslovne analitike u praksi neophodna su znanja iz oblasti 

poslovanja, menadģmenta i informacionih sistema. Na poļetku treba udtvrditi da li 

meĽu problemima, kojih u poslovanju uvijek ima puno, postoje problemi koji se adek-

vatno mogu tretirati metodama poslovne analitike. Zatim treba razviti pogodne mate-

matiļke modele i metode kojima se zadovoljava eksplicitno ili implicitno izraģena 

namjera da predloģeno rjeġenje bude za razmatrani problem najbolje moguĺe. Ovdje 

kljuļnu ulogu imaju operaciona istraģivanja, odnosno nauka o menadģment zasnovana 

na primjeni egzaktnih formalnih modela i metoda u rjeġavanju zadataka optimizacije. 

Sve to se radi uz intenzivno koriġĺenje raļunarskih sistema, odnosno najsavremenijih 

rezultata informacionih tehnologija. Tu se sreĺe kljuļni fenomen koji karakteriġe sav-

remene informacione sisteme: veliki podaci (big data). Radi se o obilju podataka koje 

se generiġu velikom brzinom, po prirodi su razliļiti, manje ili viġe vjerodostojni, a 

mogu biti vrijedni, beskorisni ili ġtetni. Termin veliki podaci se koristi preteģno kao 

naziv savremene tehnologije koja omoguĺava obradu masivnih koliļina strukturiranih 

i nestrukturiranih podataka. Njen uticaj na poslovnu analitiku je takav da se i u oblasti 

menadģmenta ļesto koristi termin analitika velikih podataka, iako on ima mnogo ġiru 

primjenu.  
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INVESTIGATION OF THE  EFFECT OF TEXT FILES  PREP-

ROCESSING ON EFFICIENCY OF THE SPAM CONTENT FI L-

TERING  

Malysh V.N., Kurbatov  A. L. 
Lipetsk State Pedagogical University (LSPU), Russia 

vmalysh@mail.ru 

Abstract: This article examines some effects of text files preprocessing on efficiency of the spam 

content filtering as well different software implementation options of naive Bayesian classifier.  

Key words: spam content filtering, classification of text documents, text files preprocessing, 

naive Bayesian classifier. 

 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʙʥʘʨʫʞʝʥʠʶ ʩʧʘʤʘ ʚʦ ʚʭʦʜʷʱʝʤ ʧʦʪʦʢʝ 

ʩʦʦʙʱʝʥʠʡ. ʆʜʠʥ ʠʟ ʥʠʭ ï ʘʥʘʣʠʟ ʪʝʢʩʪʘ ʩʘʤʦʛʦ ʩʦʦʙʱʝʥʠʷ ʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʘʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʢʘʢ ʧʨʠʥʘʜʣʝʞʘʱʝʛʦ ʣʠʙʦ ʥʝ ʧʨʠʥʘʜʣʝʞʘʱʝʛʦ ʢ ʩʧʘʤʫ.    

ʇʨʠʟʥʘʢ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʨʦʛʨʘʤʤʥʘʷ ʩʠʩʪʝʤʘ ʬʠʣʴʪʨʘʮʠʠ ʧʨʠʯʠʩʣʷʝʪ ʪʝʢʩʪʦʚʦʝ 

ʩʦʦʙʱʝʥʠʝ ʢ ʩʧʘʤʫ ï ʧʨʝʚʳʰʝʥʠʝ ʧʦʨʦʛʘ ʯʘʩʪʦʪʳ ʫʧʦʪʨʝʙʣʝʥʠʷ ʚ ʥʸʤ ʢʣʶʯʝʚʳʭ 

ʩʣʦʚ (ʪʝʨʤʠʥʦʚ), ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʨʝʢʣʘʤʥʦʡ ʨʘʩʩʳʣʢʠ [1]. ʉʘʤ ʥʘʙʦʨ ʢʣʶʯʝʚʳʭ 

ʩʣʦʚ ʩʦʩʪʘʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚ ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ ʟʘʨʘʥʝʝ ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ 

ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ. ʅʝʢʦʪʦʨʳʝ ʘʣʛʦʨʠʪʤʳ ʧʨʝʜʧʦʣʘʛʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʜʦʦʙʫʯʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ï ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʤʝʩʪʝ ʩ ʚʝʩʘʤʠ ʢʣʶʯʝʚʳʭ ʩʣʦʚ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʠ ʠʭ ʩʦʩʪʘʚ. 

ʇʨʦʮʝʩʩ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʢʩʪʘ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ 

ʰʘʛʘ [2]: 

1. ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʙʦʨʘ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʪʝʢʩʪʦʚ; 

2. ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʝʢʩʪʦʚ ʩ ʮʝʣʴʶ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʭ ʚ ʚʠʜʝ, ʧʨʠʛʦʜʥʦʤ 
ʜʣʷ ʠʭ ʦʙʨʘʙʦʪʢʠ ʤʝʪʦʜʘʤʠ Text Mining; 

3. ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʪʝʢʩʪʦʚ; 

4. ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʅʘ ʵʪʘʧʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʚʦʝʛʦ ʨʦʜʘ ʦʧʪʠʤʠʟʘʮʠʷ 

ʤʘʩʩʠʚʘ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʦʦʙʱʝʥʠʡ. ʊʝʢʩʪʳ ʚ ʠʩʭʦʜʥʦʤ ʚʠʜʝ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʩʣʦʚ, ʩʣʦʚ ʩʦ ʩʭʦʜʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠ ʪ.ʜ. ɺʩʸ ʵʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʩʦʦʙʱʝʥʠʡ ʠ ʩʥʠʞʘʝʪ ʢʘʯʝʩʪʚʦ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʈʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʛʦ ʰʘʛʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘ-

ʚʣʝʥ ʚ ʚʠʜʝ ʤʘʩʩʠʚʘ ʩʣʦʚ. ʇʨʠ ʵʪʦʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʷʜ ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʘʢʦʤʫ 

ʤʘʩʩʠʚʫ [1,2]: 

1. ʩʣʦʚʘ ʜʦʣʞʥʳ ʙʳʪʴ ʩʚʝʜʝʥʳ ʢ ʦʩʥʦʚʥʦʡ ʬʦʨʤʝ ʩʣʦʚʘ (ʣʝʤʤʝ); 

2. ʜʦʣʞʥʳ ʙʳʪʴ ʠʩʢʣʶʯʝʥʳ ʩʪʦʧ-ʩʣʦʚʘ, ʢʦʪʦʨʳʝ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ ʥʝ ʤʦʛʫʪ 
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ʢʘʢ-ʣʠʙʦ ʩʠʛʥʘʣʠʟʠʨʦʚʘʪʴ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ 

ʩʦʦʙʱʝʥʠʷ ʢ ʩʧʘʤʫ. ʕʪʦ ʧʨʝʜʣʦʛʠ, ʩʦʶʟʳ, ʯʘʩʪʠʮʳ ʠ ʪ.ʜ.; 

3. ʩʣʦʚʘ ʚ ʤʘʩʩʠʚʝ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʠʚʝʜʝʥʳ ʢ ʦʜʥʦʤʫ ʨʝʛʠʩʪʨʫ; 

4. ʤʘʩʩʠʚ ʥʝ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʪʝʨʤʠʥʦʚ. 

ɼʣʷ ʩʚʝʜʝʥʠʷ ʩʣʦʚ ʢ ʣʝʤʤʝ ʠ ʠʩʢʣʶʯʝʥʠʷ ʩʪʦʧ-ʩʣʦʚ ʤʦʞʝʪ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʪʴʩʷ 

ʛʨʘʤʤʘʪʠʯʝʩʢʠʡ ʩʣʦʚʘʨʴ ɸ. ɸ. ɿʘʣʠʟʥʷʢʘ, ʩʦʜʝʨʞʘʱʠʡ ʙʦʣʝʝ 100 ʪʳʩ. ʙʘʟʦʚʳʭ 

ʩʣʦʚʦʬʦʨʤ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ ʩ ʠʭ ʧʦʣʥʳʤ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʦʧʠʩʘʥʠʝʤ. ʅʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʦʟʜʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʧʴʶʪʝʨʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʩʣʦʚʘʨʷ 

ɿʘʣʠʟʥʷʢʘ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ  ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ.  

ʉʬʦʨʤʠʨʦʚʘʥʥʳʡ ʤʘʩʩʠʚ ʧʦʜʘʸʪʩʷ  ʥʘ ʚʭʦʜ ʢʣʘʩʩʠʬʠʮʠʨʫʶʱʝʛʦ ʘʣʛʦʨʠʪʤʘ. ɺ 

ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʚʟʷʪ ʥʘʠʚʥʳʡ ʙʘʡʝʩʦʚʩʢʠʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ. 

ʈʝʰʘʶʱʝʝ ʧʨʘʚʠʣʦ ʥʘʠʚʥʦʛʦ ʙʘʡʝʩʦʚʩʢʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʚʳʨʘʞʘʝʪʩʷ 

ʬʦʨʤʫʣʦʡ [3]: 
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xwxw
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ɿʜʝʩʴ xi ï ʵʣʝʤʝʥʪ ʚʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ x, ʨʘʚʥʳʡ 1, ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʪʝʨʤʠʥ Wi ʚʭʦ-

ʜʠʪ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʝ ʩʦʦʙʱʝʥʠʝ, ʠ 0 ï ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ; wi ï ʚʝʩʦʚʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʜʣʷ ʩʣʦʚʘ Wi, ʨʘʚʥʳʡ ʫʩʣʦʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ P(T|Wi) ʪʦʛʦ, ʯʪʦ  ʘʥʘ-

ʣʠʟʠʨʫʝʤʦʝ ʩʦʦʙʱʝʥʠʝ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʮʝʣʝʚʦʤʫ ʢʣʘʩʩʫ (ʩʧʘʤʫ) T ʧʨʠ ʫʩʣʦʚʠʠ 

ʚʭʦʞʜʝʥʠʷ ʚ ʥʝʛʦ ʪʝʨʤʠʥʘ Wi; t ï ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ (ʦʙʳʯʥʦ ʧʨʠʥʠʤʘʝʪʩʷ 

ʨʘʚʥʳʤ 0.5). ʌʫʥʢʮʠʷ ɗ(x) ï ʬʫʥʢʮʠʷ ʧʨʦʚʝʨʢʠ ʟʥʘʯʝʥʠʷ ʘʨʛʫʤʝʥʪʘ ʥʘ ʥʦʣʴ: 

í
ì
ë

=

¸
=
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;0,
)(

x

xx
xq   (2) 

ʉʦʦʙʱʝʥʠʝ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʢʘʢ ʧʨʠʥʘʜʣʝʞʘʱʝʝ ʢ ʩʧʘʤʫ, ʣʠʰʴ ʚ ʪʦʤ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ F(x) > 0. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʝʰʝʥʠʷ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ  rʩʣʝʜʫʶʱʠʝ ʢʨʠʪʝʨʠʠ [1]: 

1. ʧʨʦʮʝʥʪ ʚʝʨʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʦʦʙʱʝʥʠʡ; 

2. ʪʦʯʥʦʩʪʴ, ʧʦʢʘʟʳʚʘʶʱʘʷ ʜʦʣʶ ʩʦʦʙʱʝʥʠʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʷʚʣʷʶʱʠʭʩʷ 

ʩʧʘʤʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʩʝʭ ʩʦʦʙʱʝʥʠʡ, ʢʦʪʦʨʳʝ ʩʠʩʪʝʤʘ ʦʪʥʝʩʣʘ ʢ 

ʩʧʘʤʫ; 

3. ʧʦʣʥʦʪʘ, ʧʦʢʘʟʳʚʘʶʱʘʷ ʜʦʣʶ ʥʘʡʜʝʥʥʳʭ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʤ ʩʦʦʙʱʝʥʠʡ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʩʧʘʤʫ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʩʝʭ ʧʠʩʝʤ ʩʦ ʩʧʘʤʦʤ ʚ ʪʝʩʪʦʚʦʡ 

ʚʳʙʦʨʢʝ; 

4. F-ʤʝʨʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʛʘʨʤʦʥʠʯʝʩʢʦʝ ʩʨʝʜʥʝʝ ʤʝʞʜʫ ʧʦʣʥʦʪʦʡ 

ʠ ʪʦʯʥʦʩʪʴʶ. 

ʆʧʠʩʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʩʦʦʙʱʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʝʚ 
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ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʊʘʢ, ʢ ʧʨʠʤʝʨʫ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʝʰʝʥʠʷ, 

ʨʝʘʣʠʟʫʶʱʝʛʦ ʥʘʠʚʥʳʡ ʙʘʡʝʩʦʚʩʢʠʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ, ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʦʢʦʣʦ 91 

ï 95% ʚʝʨʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʦʦʙʱʝʥʠʡ ʠʟ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʠ [1]. 

ʇʨʠ ʵʪʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩ ʦ ʚʘʞʥʦʩʪʠ ʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʦʦʙʱʝʥʠʡ: ʢʘʢʠʝ ʠʟ ʵʪʠʭ 

ʪʨʝʙʦʚʘʥʠʡ ʦʙʣʘʜʘʶʪ ʢʨʠʪʠʯʝʩʢʦʡ ʚʘʞʥʦʩʪʴʶ, ʘ ʢʘʢʠʝ ʥʝ ʦʢʘʟʳʚʘʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʘʨʠʘʥʪʳ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠ-

ʟʘʮʠʠ ʥʘʠʚʥʦʛʦ ʙʘʡʝʩʦʚʩʢʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ: 

1. ʩʣʦʚʘ ʥʝ ʩʚʦʜʷʪʩʷ ʢ ʦʩʥʦʚʥʦʡ ʬʦʨʤʝ, ʩʪʦʧ-ʩʣʦʚʘ ʥʝ ʠʩʢʣʶʯʘʶʪʩʷ; 

2. ʩʣʦʚʘ ʥʝ ʩʚʦʜʷʪʩʷ ʢ ʦʩʥʦʚʥʦʡ ʬʦʨʤʝ, ʩʪʦʧ-ʩʣʦʚʘ ʠʩʢʣʶʯʘʶʪʩʷ; 

3. ʩʣʦʚʘ ʩʚʦʜʷʪʩʷ ʢ ʦʩʥʦʚʥʦʡ ʬʦʨʤʝ, ʩʪʦʧ-ʩʣʦʚʘ ʥʝ ʠʩʢʣʶʯʘʶʪʩʷ; 

4. ʩʣʦʚʘ ʩʚʦʜʷʪʩʷ ʢ ʦʩʥʦʚʥʦʡ ʬʦʨʤʝ, ʩʪʦʧ-ʩʣʦʚʘ ʠʩʢʣʶʯʘʶʪʩʷ. 

ɺʦ ʚʩʝʭ ʨʝʘʣʠʟʘʮʠʷʭ ʚʩʝ ʩʣʦʚʘ ʚ ʤʘʩʩʠʚʝ ʥʘ ʚʳʭʦʜʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʨʠʚʝʜʝʥʳ ʢ ʦʜʥʦʤʫ ʨʝʛʠʩʪʨʫ, ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʪʝʨʤʠʥʦʚ ʥʝʪ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʫʢʘʟʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʨʝʘʣʠʟʘʮʠʡ ʢʦʣʠʯʝʩʪʚʦ ʩʦʦʙʱʝʥʠʡ ʚ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ ʩʦʩʪʘʚʠʣʦ 2000 (1000 ï 

ʩʧʘʤ, 1000 ï ʤʥʦʞʝʩʪʚʦ ʦʙʳʯʥʳʭ ʩʦʦʙʱʝʥʠʡ). ʂʦʣʠʯʝʩʪʚʦ ʩʦʦʙʱʝʥʠʡ ʚ 

ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ ʩʦʩʪʘʚʠʣʦ 8000 (4000 ï ʩʧʘʤ, 4000 ï ʤʥʦʞʝʩʪʚʦ ʦʙʳʯʥʳʭ 

ʩʦʦʙʱʝʥʠʡ).  

ɼʣʷ ʢʘʞʜʦʡ ʨʝʘʣʠʟʘʮʠʠ ʥʘʠʚʥʦʛʦ ʙʘʡʝʩʦʚʩʢʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʙʫʜʝʤ ʠʟʤʝʥʷʪʴ 

ʟʥʘʯʝʥʠʷ ʥʠʞʥʝʛʦ (bT) ʠ ʚʝʨʭʥʝʛʦ (tT) ʚʝʩʦʚʳʭ ʧʦʨʦʛʦʚ ʩ ʰʘʛʦʤ 0.1, ʬʠʢʩʠʨʫʷ 

ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʝʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ɺ ʧʨʦʮʝʩʩʝ ʘʥʘ-

ʣʠʟʘ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʠ ʥʝ ʙʫʜʫʪ ʫʯʠʪʳʚʘʪʴʩʷ ʪʝ ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ, ʚʝʩʦʚʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʪʦʨʳʭ ʙʦʣʴʰʝ ʥʠʞʥʝʛʦ ʠ ʧʨʠ ʵʪʦʤ ʤʝʥʴʰʝ ʚʝʨʭʥʝʛʦ ʚʝʩʦʚʳʭ 

ʧʦʨʦʛʦʚ. ʅʘʡʜʝʥʥʳʝ ʥʘʠʣʫʯʰʠʝ ʠ ʥʘʠʭʫʜʰʠʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʝʚ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 1 ï 2. 

 

ʊʘʙʣ. 1. ʅʘʠʭʫʜʰʠʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

 ʈʝʘʣʠʟʘʮʠʷ ˉ1 ʈʝʘʣʠʟʘʮʠʷ ˉ2 ʈʝʘʣʠʟʘʮʠʷ ˉ3 ʈʝʘʣʠʟʘʮʠʷ ˉ4 

% 54,338 53,55 95,75 90,988 

ʊʦʯʥʦʩʪʴ 0,901 0,786 0,989 0,986 

ʇʦʣʥʦʪʘ 0,523 0,519 0,930 0,856 

F-ʤʝʨʘ 0,684 0,677 0,959 0,916 

 

  



10 

ʊʘʙʣ. 2. ʅʘʠʣʫʯʰʠʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

 ʈʝʘʣʠʟʘʮʠʷ ˉ1 ʈʝʘʣʠʟʘʮʠʷ ˉ2 ʈʝʘʣʠʟʘʮʠʷ ˉ3 ʈʝʘʣʠʟʘʮʠʷ ˉ4 

% 73,888 72,963 95,95 95,275 

ʊʦʯʥʦʩʪʴ 0,974 0,939 0,986 0,983 

ʇʦʣʥʦʪʘ 0,660 0,655 0,936 0,927 

F-ʤʝʨʘ 0,791 0,782 0,961 0,954 

 

ʈʝʘʣʠʟʘʮʠʷ ˉ1 ʩʘʤʘʷ ʧʨʦʩʪʘʷ ï ʩʣʦʚʘ ʥʝ ʩʚʦʜʷʪʩʷ ʢ ʦʩʥʦʚʥʦʡ ʬʦʨʤʝ, ʩʪʦʧ-ʩʣʦʚʘ 

ʥʝ ʠʩʢʣʶʯʘʶʪʩʷ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ ʢʨʘʡʥʝ ʥʠʟʢʘ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʝʛʦ ʥʘ ʧʨʘʢʪʠʢʝ ʘʙʩʦʣʶʪʥʦ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʧʨʦʮʝʥʪ ʦʰʠʙʦʢ 

ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ, ʜʘʞʝ ʧʨʠ ʫʩʣʦʚʠʠ ʛʨʘʤʦʪʥʦ ʩʦʩʪʘʚʣʝʥʥʦʡ 

ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ. 

ʈʝʘʣʠʟʘʮʠʷ ˉ2 ʧʦʜʜʝʨʞʠʚʘʝʪ ʠʩʢʣʶʯʝʥʠʝ ʩʪʦʧ-ʩʣʦʚ, ʧʨʠ ʵʪʦʤ ʩʚʝʜʝʥʠʝ ʢ ʣʝʤ-

ʤʝ, ʢʘʢ ʠ ʚ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ, ʦʪʩʫʪʩʪʚʫʝʪ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʝʚ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʪʘʙʣʠʮʘ 2) ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʟʥʘʯʝʥʠʡ ʧʝʨʚʦʛʦ ʚʘʨʠʘʥʪʘ. ʂʘʢ ʚʠʜʥʦ, ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʢʘʟʘʣʠʩʴ ʜʘʞʝ ʥʠʞʝ, ʯʝʤ ʚ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ. ʀʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʧʨʘʢʪʠʢʝ ʨʝʰʝʥʠʝ 

ˉ2 ʪʘʢʞʝ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʢʘʢ ʠ ʨʝʰʝʥʠʝ ˉ1. 

ʈʝʘʣʠʟʘʮʠʷ ˉ3 ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʚʝʜʝʥʠʝ ʢ ʣʝʤʤʝ, ʥʦ ʥʝ ʨʝʘʣʠʟʫʝʪ ʠʩʢʣʶʯʝʥʠʝ 

ʩʪʦʧ-ʩʣʦʚ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʰʝʥʠʝʤ ˉ1 ʠ ʨʝʰʝʥʠʝʤ ˉ2 ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʝʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦ-

ʮʝʥʪʘ ʚʝʨʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʦʦʙʱʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 95,95%, F-ʤʝʨʳ ï 

0,961. ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʮʝʥʪʘ ʚʝʨʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʦʦʙʱʝʥʠʡ 

ï 95,35%, F-ʤʝʨʳ ï 0,955. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ ʦʯʝʥʴ ʭʦʨʦʰʠʝ ʟʥʘʯʝʥʠʷ 

ʢʨʠʪʝʨʠʝʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʝʜʸʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʥʘ ʧʨʘʢʪʠʢʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʠʩʢʣʶʯʝʥʠʷ ʩʪʦʧ-ʩʣʦʚ. ɹʦʣʝʝ 

ʪʦʛʦ, ʚ ʨʝʰʝʥʠʠ ˉ3 ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʠ ʥʠʞʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʚʝʩʦʚʳʭ ʧʦʨʦʛʦʚ 

ʦʯʝʥʴ ʩʣʘʙʦ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ. ʕʪʦ ʷʚʣʷʝʪʩʷ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʠ ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʥʘ ʧʨʘʢʪʠʢʝ ʥʝ 

ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʦʚʦʜʠʪʴ ʧʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚʝʩʦʚʳʭ ʧʦʨʦʛʦʚ.   

ʈʝʰʝʥʠʝ ˉ4 ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʨʝʘʣʠʟʫʝʪ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʪʨʝʙʦʚʘʥʠʷ, ʚ ʥʸʤ ʧʨʠ-

ʩʫʪʩʪʚʫʝʪ ʩʚʝʜʝʥʠʝ ʩʣʦʚ ʢ ʣʝʤʤʝ ʠ ʠʩʢʣʶʯʝʥʠʝ ʩʪʦʧ-ʩʣʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʩʦʙʣʶʜʝʥʠʝ ʚʩʝʭ ʧʦʩʪʘʚʣʝʥʥʳʭ ʨʘʥʝʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʝʟʫʣʴʪʘʪʘʤ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʦʦʙʱʝʥʠʡ, ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʝʰʝʥʠʷ ˉ4 ʦʢʘʟʘʣʠʩʴ ʜʘʞʝ ʥʝʤʥʦʛʦ ʥʠʞʝ, ʯʝʤ ʫ ʨʝʰʝʥʠʷ ˉ3. ɸʥʘʣʦʛʠʯʥʘʷ 

ʪʝʥʜʝʥʮʠʷ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʨʝʰʝʥʠʷ ˉ1 ʠ ʨʝʰʝʥʠʷ ˉ2, ʢʦʪʦʨʳʝ 

ʪʘʢʞʝ ʦʪʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ, ʢʘʢ 3-ʝ ʠ 4-ʝ ʨʝʰʝʥʠʷ ʣʠʰʴ ʨʝʘʣʠʟʘʮʠʝʡ 

ʠʩʢʣʶʯʝʥʠʷ ʩʪʦʧ-ʩʣʦʚ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʨʝʘʣʠʟʘʮʠʷ ʠʩʢʣʶʯʝʥʠʷ ʩʪʦʧ-ʩʣʦʚ ʣʠʰʴ 

ʥʝʤʥʦʛʦ ʫʭʫʜʰʘʣʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʘ ʥʝ ʥʘʦʙʦʨʦʪ. ʇʨʠ ʵʪʦʤ 

ʨʝʘʣʠʟʘʮʠʷ ʩʚʝʜʝʥʠʷ ʩʣʦʚ ʢ ʣʝʤʤʝ, ʥʘʦʙʦʨʦʪ, ʢʘʨʜʠʥʘʣʴʥʦ ʫʚʝʣʠʯʠʚʘʣʘ ʟʥʘʯʝʥʠʷ 

ʢʨʠʪʝʨʠʝʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, 
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ʥʝʣʴʟʷ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʠʩʢʣʶʯʝʥʠʝ ʩʪʦʧ-ʩʣʦʚ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʠ-

ʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʝʰʝʥʠʷ. ʅʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʘʜʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʚʳʟʚʘʥʥʦʝ ʠʩʢʣʶʯʝʥʠʝʤ ʩʪʦʧ-ʩʣʦʚ, ʚ 

ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. ʅʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ, ʯʪʦ 

ʨʝʟʫʣʴʪʘʪ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʩʦʩʪʘʚʣʝʥʠʷ 

ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ [4]. 

ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ: ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʙʥʘʨʫʞʝʥʠʷ ʩʧʘʤʘ ʥʘ ʧʨʘʢʪʠʢʝ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪ-

ʢʠ ʩʦʦʙʱʝʥʠʡ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʢ ʩʚʝʜʝʥʠʶ ʩʣʦʚ ʢ ʦʩʥʦʚʥʦʡ ʬʦʨʤʝ. ʕʪʦ ʜʘʸʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʠʨʦʩʪ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʝʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

ʀʩʢʣʶʯʝʥʠʝ ʞʝ ʩʪʦʧ-ʩʣʦʚ ʢ ʧʦʜʦʙʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʥʝ ʧʨʠʚʦʜʠʪ. 
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Summary: The mobile robot can be controlled by the moving direction with Inverse Pendulum 

control. In this paper, we estimate the one step forward of mobile robot position by using mobile 

inverse pendulum which represents a system, including a series of problems in control, such as 

instability, influence of dry friction, contact problems, sensor information processing  and based 

on those estimation results, it can be controlled the one step forward of mobile robot direction. 

Here, we established simulation model of mobile robot and modeling environment. We build an 

abrasive trajectory path. This paper discusses also the use of simulation modeling to analyze the 

costs, benefits, and performance tradeoffs related to the installation and use of mobile robot 

with inverse pendulum to support moving robot inside an abrasive environment. Additionally, 

we think about possibilities to expand this moving with some intelligent systems, like fuzzy logic 

and neuro network. 

Key words: estimation, control, position, mobile robot, inverse pendulum  

 

INTRODUCTION  

Autonomous mobile robots controlled without human intervention we needed in many 

applications. When mobile robot moves from one point to another, it is obligatory to 

plan the best route. [1 ] [2]   

Careful planning and time management is essential for autonomous mobile robots. We 

are using two types of algorithms for planning of time, one planning a general time 

(off-line) and second is local path planning (on-line). We must have all the infor-

mation about the location of fixed obstacles and the path for the obstacle's universal 

way. The robot calculates the best route once followed this path to the target point. If  
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robot haven`t enough information on the environment, the mobile robot is using sen-

sors to understand the environment, and this is called a local path planning (on-line) 

[4] [5]. In addition, the desired path must avoid obstacles [8]. 

Many engineers have tried to make mobile robots that have the ability to self-balance. 

The simulation of robotic systems is an essential tool in such papers [9], [10], [11], 

[12], [13], [14]. Without simulation tools like SolidWorks, CATIA, Virca it is impos-

sible to design complex systems such as closed kinematic chain robots [11] or a mo-

bile robot [13]. It is necessary to develop virtual environments for operator training 

[10]. Simulation is also a very important tool for teaching basic concepts of robot-like 

systems, without the actual experimentation [9]. Fig.1 shows the function diagram for 

a mobile robot 

 

Fig.1 Picture of block scheme of Mobile Robot 

 

MOBILE  INVERSE PENDULUM  MODELI NG  

There are a many papers dealing with the mobile inverse pendulum. The model of the 

pendulum here is derived using Lagrange equations of the 1st kind like in [15, 16], but 

here, the constraint forces which are considered on base of Lagrangeôs multiplier com-

ponents are also presented. The simulation and experiment here shows at least the 

same or, in some situations, a better conformity (which is hard to assess due to differ-

ent pendulum parameters). Compared to the friction compensator in [19], the one 

presented here fuzzyfies the control logic, what is reflected in smoother added control 

torques. In the presented pendulum, the sensor fusion of the gyroscope and the incli-

nometer is done based on a detailed inclinometer model observer, which is reflected in 

accurate and dynamic body angle estimation. The system geometry is fully described 

using three coordinate systems as   shown  in   Fig. 2.:   Ca absolute coordinate system, 

Cb in the middle of the axis between two wheels with z-axis parallel to the Ca  z-axis 

and rotated by angle Ū, and Cc  in the C-OG of the pendulum body rotated by angle ű. 
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Fig. 2 Top view (left) and side view (right) sketch of the mobile inverse pendulum. 

 

The mechanical system elements are: the pendulum body with  mass  M = 20.9 kg,  

inertia  tensor   

Jc,c = diag(Jx,Jy,Jz) 

= diag(1.18,0.95,0.27) kg m2,  and  length  L = 0.39 m  from 

bodyôs COG to rotating axis; left and right wheels with mass mw = 0.55 kg   and   

radius   R = 75 mm,   inertia   torque   in rotating   direction   Jw = 0.008 kg m2,   and   

wheel   track 

2Bw = 0.44 m. 

Actuators   acting   with   torque   M l     and   torque   Mr, respectively, are located 

between the pendulum body and the left and right wheels. The system is underlying 

the gravitation with acceleration g = 9.81 m/s2. 

 

SEGWAY TRANSPORTATIO N  

Dean Kamen discovered the Segway individual transporter in the show "Good Mor-

ning America" on ABC TV network, described it as "the first self-balancing individual 

transporter in the world". When you look at the Segway ride, it becomes clear what he 

was saying.  

To Segway move forward or back, it is sufficient that the driver leans 

slightly forward or backward. To turn left or right, the driver simply 

moves lean steer controller left or right. 

To maintain balance, when bending forward, the wheels are turning 

right speed and to move forward. Segway using this extremely complex 

process called dynamic stabilization that allows the Segway transporter 

balance on just two wheels. 

Segway Personal Transporter (PT) (Fig. 3) is the Worldôs first self-

balancing transportation device with two wheels. The mechanism is 

based on the principle of the inverted pendulum with advanced control 

to maintain balance at all times.  

Fig 3. SegWay 
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To move, rider leans forward or backward and the transporter ac-

celerates in the proper direction to balance the system. Similarly, to 

take turns the rider leans sideways and the transporter adjusts the 

speed of both wells. Handling feels natural because the amount of 

lean, measured by gyroscope, controls the acceleration and the 

curvature of turns. Segway Personal Transporter (PT) is the 

Worldôs first self-balancing transportation device with two wheels. 

The mechanism is based on the principle of the inverted pendulum 

with advanced control to maintain balance at all times. To move, 

rider leans forward or backward and the transporter accelerates in 

the proper direction to balance the system. Similarly, to take turns 

the rider leans sideways and the transporter adjusts the speed of both 

wells. Handling feels natural because the amount of lean, measured 

by gyroscope, controls the acceleration and the curvature of turns. 

In this paper, the goal is to building the Segway robots (Fig. 4) in the 

software Packet SolidWorks using ready-made components "Lego Mind storms NXT 

2.0 kit" and then making simulations of the same in the specified software package. In 

this paper point of interest is simulation, while the assembly will be described in brief. 

More details can be found on the website whose link is given in the introduction. In 

order to reconstruct this project again, implies a knowledge of the software package 

SolidWorks. Robot assembly is done by known parts from internet and built a final 

robot model.  

The real Segway transporter uses input from gyroscope to control the stability and 

balance. Because gyroscope is not part of the Lego kit, Segway robot makes use of the 

light sensor. The sensor registers the light intensity when the robot is started. As the 

robot tilts, the light intensity changes and the robot reacts by adjusting power to mo-

tors #1 and #2. As a consequence, the robot cannot maintain vertical position; it tries 

to maintain the position at which it is started. It is therefore necessary to start the robot 

at near vertical orientation. Simulation with Solid Works  

Once you get familiar with the robot behavior when controlled using both simpler 

(Segway) and more advanced (Segway BT) programs, go ahead and build Segway robot 

in SolidWorks. When your model is complete, you will  simulate both control scenarios 

in SolidWorks Motion. 

Follow the instructions below to build your Segway robot assembly. Because all 

SolidWorks part files are supplied as part of this project, you only need to mate them to 

create a final assembly. Because the basic assembly building skill is a prerequisite to 

this lesson, the steps below do not detail  how to mate parts. 

SOLIDWORKS SIMULATIO N 

The New Motion Study is necessary to change the Type of Study in Motion Analysis 

as shown in Fig. 5 

Fig. 4 Lego 

 Segway 

Robots 
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Fig. 5 Type of Study in Motion Analysis  

 

Assembled Robot necessary divided into three "solid group" (rigid groups) as shown 

in the Fig. 6 

 

Fig. 6 Rigid Group 

Note: in "Rigid Groups" are not admitted CPU, as can be seen in the figure, because it 

will be used for measuring angular velocity and angular acceleration. 

In other step, it is necessary to define contact surfaces and between one point and the 

plate and then repeat all of the other wheel and board. The following Fig. 7 give as 

define of contact surfaces. 

Maximum torque at the point that gives the engine Tmax can be expressed starting 

from the standpoint that the wheels do not skid to obtain the following equation. 
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   - ADOPTED 29 Nm 

 

Fig. 7 Define contact surfaces 

Plotting diagrams of certain size is very important because that procedure specified 

these value are used to simulate the movement of the robot. On Fig. 8 will be shown 

the way to draw a diagram of one size is a function of time while the other identical 

diagrams drawn. 

 

Fig.8 diagram drawing Step 1 

Note: drawing diagrams is very important, without those SolidWorks does not see the 

size of his essential for simulation, such as rotation angle, angular velocity and angular 

acceleration (Pitch / Yaw / roll, angular velocity, angular acceleration) (Fig. 9) 
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Fig. 9 diagram drawing Step 2 

PID controller is one of the oldest and most widely used management strategy and its 

implementation can be successfully resolved about 90% of all management tasks. The 

PID controller has three constant action: proportional (P), integral (I) and differential 

(D). Law Management analogue PID controller is: 

 

where is the control variable, ὑὴ, ὑὭ Ὥ ὑὨ were all in proportion, integral and differen-

tial backup, an error signal equal to the difference between the reference signal and 

controlled variable y (e = Ref - y). Equation PID controller is also required to enter 

into the simulation in order to see its effect on the robot control. Determination param-

eters of the PID controller is a demanding process that can request a lot of time, be-

cause in this seminar used parameters are specified below. Reinforcements proportion-

al, integration and derivation components are given respectively k1 = 10, k2 = 0.1, k3 

= 0.01. After you set all the parameters, you can run simulations. After processing is 

complete movement, which takes some time, depending on the set number of frames 

per second, can let the simulation by pressing play.  

Note: running a simulation computer performs the calculation of the movement of the 

robot. In doing so, your computer may take some time to process the data.(Fig. 10) 
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Fig. 10 Final Simulation 

CONCLUSION  

This paper presented a review of the existing software tools for mobile robot simula-

tion. We also discussed about introductory background aspects and about simulation 

processes and simulator architectures. This information can be important to research-

ers and developers interested in the simulation of mobile robotic systems. 

In this paper it was possible to see a single physical model NXT Segway robots, and 

setting the parameters required to simulate movement in application Solid Works. 

According to these results it is possible to make a real Segway NXT Robot and com-

pare the results of the same movement. 

This paper is given simulation Segway robot only in a situation where it is trying to 

keep his balance. With this simulation it can go a step further where we can simulate 

the behavior of the action of external forces which tend to be out of balance. 

Since this paper was made as an introduction to simulation Segway robot, for those 

who want to devote themselves to more detailed simulation of the above Segway Ro-

bot, in the references are listed links and sources that have been used for the produc-

tion of this research paper. 
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Abstract: Energy harvesting is rapidly expanding into new applications. The idea of micro-scale 

energy harvesting, and collecting miniscule amounts of ambient energy to power electronic 

systems, was still visionary and limited to research proposals and laboratory experiments 

Ultra-low-power technology is enabling a wide range of new applications that harvest ambient 

energy in very small amounts and need little or no maintenance-self-sustaining devices that are 

capable of perpetual or nearly perpetual operation. An increasing number of systems are appe-

aring that take advantage of light, vibrations and other forms of previously wasted environmen-

tal energy for applications where providing line power or maintaining batteries is inconvenient. 

The following article will discuss several technical challenges and show how  ultra low power 

technology is playing a key role in overcoming them. 

Key words: energy harvesting, ultra-low, power, ultra-low power, technology, ultra-low power  

technology. 

 

INTRO DUCTION.   WHAT IS ENERGY HARVE STING? 

Energy harvesting is a process by which ambient energy is captured and converted into 

electricity for small autonomous devices making them self-sufficient or process where 

energy is derived from external sources, captured and stored for use in electronic 

systems. 

Sources as lighting, temperature differentials, vibrations, and radio waves (RF energy) 

can be re-used to operate low-power electronic devices. 

 Energy harvesting has gained a lot of interest within the electronics design community 

over recent years. It is through this process that small quantities of energy can be cap-
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tured, collected and then utilized by items of electronic equipment, allowing simple 

tasks to be accomplished without the need for incorporating a conventional power 

source in the system design. In order to do this effectively, however, the system needs 

to operate with the highest possible levels of efficiency, both in terms of the constitu-

ent parts that are specified and the way the system is laid out. New systems, which are 

now appearing in industrial and consumer electronics, also promise great changes. 

Applications that are now utilizing energy harvesting (or scavenging) include building 

automation systems, remote monitor/data acquisition devices and wireless sensor 

networks. As harvesting does not rely on conventional forms of power source it has 

two key ecological benefits. Firstly it does not result in any depletion of fossil fuel 

reserves and secondly it does not add to pollution levels (as there are no resultant car-

bon emissions, nor disposable batteries). In addition to dispensing with the need for 

wiring or cabling and the convenience thereby derived, the real advantage of this sort 

of implementation for OEMs and system integrators is that, once it is in place, it 

effectively has no day-to-day running costs, as there aren't utility bills or costly call out 

trips to replace batteries, etc. 

 

 WHERE IS IT USEFUL?  

¶ Where line power is unavailable or costly 

¶ Where batteries are costly or difficult to replace 

¶ Where energy is needed only when ambient energy is present 
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Fig. 1. Energy harvesting ways 

 

HOW EXTRACT THE REQU IRED ENERGY 

The harvesting of energy from the environment can be done in a variety of ways 

(depending on which proves most suitable for the specific application setting), with 

power levels normally in the region of 10ÕW to 400ÕW being generated. Among the 

mechanisms used are temperature difference, kinetics (normally through vibrational 

movement), solar power, the piezo-electric effect, the pyro-electric effect, and electro-

magnetic. However, with the possible exception of solar energy, the perception that 

energy harvesting is ófreeô energy is not totally accurate. Sources based on vibration or 

thermal gradients make use of considerable energy waste from the system. As a result 

repair and maintenance costs do need to be factored in. 

 

COLLECTING ENERGY EX AMPLES :  

Music Club 

¶ A dance club in Rotterdam creates energy to power the LED lighting each visitor 

creates 20W of power by dancing on the flexible floor 

¶ Pedestrian Walk 

¶ Use of piezoelectric materials to harvest electrical energyfrom pedestrians walking 

over it 

¶ Footbridge 

¶ Piezoelectric materials can harvest energy from vibrations, such as theslight mo-

vement of a footbridge as pedestrians walk across it. 

WHERE TO FIND óôFREE ENERGYôô? 

Typical energy harvester output power 

¶ RF:         0.1ɛW/cmĮ 

¶ Vibration: 1mW/cmĮ 
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¶ Thermal: 10mW/cmĮ 

¶ Photovoltaic: 100mW/cmĮ 

Typical energy harvester voltages 

¶ RF: 0.01mV 

¶ Vibration: 0.1-0.4 V 

¶ Thermal: 0.02 - 1.0 V 

¶ Photovoltaic: 0.5 / 0.7 Vtyp/per_cell 

Power consumption 

Battery powered Applications in: 

¶ Body Area Networks : 3ɛW = 1.8V * 1.7ɛA 

 

TYPICAL APPLICATIONS  

Energy Harvesting applications are potentially everywhere .Applications that are now 

utilizing energy harvesting (or scavenging) include building automation systems, 

remote monitor/data acquisition devices and wireless sensor networks.  

As harvesting does not rely on conventional forms of power source it has two key 

ecological benefits. Firstly it does not result in any depletion of fossil fuel reserves and 

secondly it does not add to pollution levels (as there are no resultant carbon emissions, 

nor disposable batteries). 

 In addition to dispensing with the need for wiring or cabling and the convenience 

thereby derived, the real advantage of this sort of implementation for OEMs and 

system integrators is that, once it is in place, it effectively has no day-to-day running 

costs, as there aren't utility bills or costly call out trips to replace batteries, etc. 

xxxxxxxxxxxxx. 

 

Fig. 2. The power Range scale of real world applications 
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The power that is generated through the harvesting process can be used in many ways, 

for example: 

¶ Switches (building automation) - Here the mechanical force applied to move the 

switch ON or OFF is enough to generate a few milli Joules (mJ) worth of energy to 

run a wireless transmitter. This sends an RF signal that actuates a door latch or a 

light. As no wiring is needed there are both logistical and aesthetical upshots to this 

approach. 

¶ Temperature sensors (building automation) - The temperature difference between 

the ambient air and a heater can provide the power needed to send temperature data 

back to regulation system wirelessly. 

¶ Air conditioning (building automation) - The vibration of the air-conditioning duct 

can be employed to create an electrical signal via electromagnetic induction. The 

air conditioning can be controlled through this signal. 

¶ Remote monitoring (industrial/environmental) - This could be in the form of an 

unmanned weather station, a gas sensing system in a chemical plant, a Tsunami 

warning system. A solar cell or a small wind turbine can provide the energy requi-

red. 

¶ Medical implants (healthcare) - Such as blood glucose monitors, where heat or 

body movement allow a low power wireless transceiver placed on the patientôs 

skin to feedback data to a hub without the need for inclusion of a battery (thereby 

improving the patient's comfort and reducing the inconvenience experienced 

¶ Watches (consumer) - Where the use of either solar or kinetic energy can be used 

to run a battery-less timepiece. 

¶ Tyre pressure monitoring, using surface acoustic wave (SAW) sensing technology, 

it is possible to circumvent the issues arising from mounting the battery and com-

plicated electronics needed to support temperature/pressure sensors on each of the 

vehicleôs wheels, thereby reducing bill-of-materials costs and the engineering re-

source needed. 

¶ Portable consumer electronics Calculators, toys, piezo gas lighters, electronic car 

keys, electronic apparel etc 

¶ Industrial Mainly buildings, machinery, engines, non-meshed wireless sensors and 

actuators 

¶ Wristwatches, laptops, e-books, 

¶ Military and aerospace excluding WSN 

¶ Other Research, animals, farming etc 
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Fig. 3. Applications that are now utilizing energy harvesting 

 

MARKET ACCEPTANCE OF  ENERGY HARVESTING DE VICES 

Market acceptance of energy harvesting devices is very application-dependant 

This is based on several parameters: 

¶ Size & weight 

¶ Amount of power generated versus amount of power needed by the system 

¶ Cost: Ease of access to grid & ease of access to the module or system to power 

¶ Number of devices to power 

¶ Critical mission of the module or system to power 

¶ Required device lifetime: Projected lifetime for the energy harvesting device com-

pared to the system parts lifetime 

¶ A major factor to be taken into account is if there is enough power harvested for a 

particular application from a particular environment, and if the scavenged power 

needs to be stored 

 

MARKET DEMAND  

Growth in the 2-digit range will increase the market volume by 4 within the next 5 

years after 2015 
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Fig. 4. Market acceptance of energy harvesting devices 

 

CONSIDERATIONS ABOUT  ENERGY STORAGE METHO D 

With only ÕWs of power to play with, it is clearly vital that everything possible is 

done to utilize it to the fullest. Engineers need to work hard so they can avoid wastage. 

This involves both hardware and software considerations and can be done through 

implementation of highly efficient component parts, as well as ensuring full design 

optimization. 

It is imperative that the electronic system consists of low voltage circuitry made with 

smart power management. Energy storage may also need to be considered, as the spo-

radic nature of these systems' operation means that in many cases there is no direct 

relationship between the time when energy is harvested and the time when it is 

subsequently utilized.  

The storage method used must be low voltage, with a high charge current capability, 

moderate discharge capability and possibly no self-discharge capability at all. The 

digital IC at the heart of the system must be able to offer more than adequate processor 

performance to carry out the systemôs tasks while simultaneous being able to support 

low voltage operation, so that the power budget is not exceeded. Furthermore this IC 

must be cost-effective enough that its implementation does not impact too greatly on 

the overall expense associated with the system - otherwise the system will have too 

high a price tag to justify deployment in many of the energy harvesting applications 

already discussed. 
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RECENT APPLICATION  

Together Canova Tech and ON Semiconductor have developed a fully flexible design 

platform that enables original equipment manufacturers (OEMs) to test and validate 

their Energy Harvesting Cell concepts or applications utilizing Canova Tech's ETA 

Platform harvester module which features ON Semiconductor's LC87F7932B ultra 

low power, fully programmable micro controller.This approach combines an ultra-low 

power microcontroller with an efficient, ready to customize and predefined IC integra-

ting critical and must-have blocks like the harvesting interface and power management 

functions, sensor and actuator interface. 

Based on the LC87F7932 ultra-low power microcontroller unit (MCU) from ON 

Semiconductor, and Canova Tech ETA Platform , this new development kit gives 

engineers an industry-proven development kit that can be customized ( hardware and 

Software ) in order to suit specific application requirements and thus augment the 

systemôs power/performance characteristics. 

The ETA platform is fully configurable and it can be interfaced and matched with 

most of the common energy harvesters in the market, handling DC and AC inputs 

larger than 0.9V or, with the use of an external transformer, larger than tens of a milli-

volt. The collected energy can be transferred / stored in various storage elements such 

as chemical batteries, capacitors and super capacitors. Through it the system can 

manage the accumulated energy efficiently, regardless of erratic delivery patterns, so 

that it can implement power saving strategies, like the use of the embedded ultra-low 

power configurable analog front end, in which the acquisition and conditioning of 

signals from the systemôs sensors can be carried out without the supervision of the 

external MCU. 

 

Fig. 4. Block Diagram and layout of the Eta Platform 

The LC87F7932B MCU is an 8-bit device based on CMOS technology. It has a central 

processing unit (CPU) running at a 250ns (minimum) bus cycle time. The IC integra-

tes 32 kBytes of on-board programmable Flash memory, 2048 Bytes RAM, an on-chip 

debugger, an LCD controller/driver, a 16-bit timer/counter and a real time clock. Its 

12-bit, 7-channel low power analog-to-digital (ADC) converter transforms the 
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acquired signal after conditioning has been completed by the front end. This digital 

signal can then be transferred wirelessly or stored for extraction at a later stage depen-

ding on the application. 

 

CONCLUSION 

There are a number of major obstacles and challenges involved in the design of energy 

harvesting systems. Engineers need to boost processing performance as much as pos-

sible, while keeping overall power budget to a minimum and not accruing heavy ex-

penditure in what can prove to extremely cost-sensitive applications. Every effort must 

be made to employ the best optimized components and to ensure that the development 

process is totally streamlined. By employing the development platform detailed in this 

article, based on an ultra-low power MCU architecture and a configurable and custom-

izable device, engineers can overcome these obstacles and thus realize more effective 

implementations. 

This study provides a overview of ultra-low power energy harvesting application, 

especially recent technology developments and existing barriers. 
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