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TEXHUYKU EJIABOPAT

IIpoOJyiem KOju ce TEXHHYKHMM pellielheM pelaBa:

Snimanje ljudskih pokreta nalazi Siroku primenu u razli¢itim aspektima nauke i tehnike koje
ukljuCuju zabavu, sportsku analizu, biomehaniku, virtuelnu stvarnost, robotiku i animaciju.
Primarna svrha snimanja pokreta je da uhvati i digitalizuje kretanje ljudi ili objekata u stvarnom
svetu, omogucavajuéi tac¢nu replikaciju u digitalnom okruzenju. U oblasti zabave snimanje
ljudskih pokreta je naslo Siroku primenu u filmskoj industriji i video igricama za kreiranje
realisticnih animacija likova. Osim zabave, snimanje pokreta se koristi u nau¢noj vizualizaciji,
inzenjerskim simulacijama i drugim poljima gde je potrebno realisti¢no kretanje. U sportskim 1
medicinskim istrazivanjima, snimanje pokreta pomaze u analizi i razumevanju ljudskog pokreta
radi poboljSanja performansi ili rehabilitacije. U oblasti robotike, snimanje ljudskih pokreta ima
za cilj preslikavanje kretanja ¢oveka na pokrete kolaborativnih i humanoidnih robota radi bolje
integracije robota u ljudsko okruzenje, imitacije pokreta Coveka sa robotom ili ostvarivanje
kolaborativnih radnji covek-robot.

Trenutno postoje razliciti sistemi za snimanje ljudskih pokreta koji su zasnovani na razli¢itim
tehnologijama rada. Postoje¢a hardverska reSenja za snimanje ljudskih pokreta su podrzana sa
softverskim alatima koji omogu¢avaju dobijanje informacija o kretanju markera. Dalja obrada
rezultata i estimacija ljudskih pokreta zahteva dodatnu obradu dobijenih podataka. Dodatne obrade
podataka zahtevaju i dodatna ulaganja u razvoj softverskih resenja koji se dodatno placaju. U
okviru ovog tehnickog reSenja predstavljen je softverski paket HUMANES- “Human Motion
Estimator koji ima za cilj da generiSe kretanje coveka na osnovu snimljenih podataka o kretanju
markera dobijenih sa sistema za snimanje pokreta. Softverski paket HUMANES predstavlja
univerzalni alat za estimaciju ljudskih pokreta podrzavaju¢i podatke dobijene od strane 2 sistema
za snimanje ljudskih pokreta: ART ili Vicon sistema. Softverski paket HUMANES je namenjen
za istrazivacke institucije koje poseduju ART ili Vicon sistem za snimanje pokreta sa osnovnim
performansama i daje im moguc¢nost nadogradnje analize snimljenih podataka i estimaciju kretanje
gornjeg dela tela Coveka.

Crame pemieHOCTH TOT MpolJjeMay cBeTy:

1. Snimanje ljudskih pokreta i sistemi za snimanje ljudskih pokreta

Snimanje ljudskih pokreta napreduje zajedno s razvojem dostupnih tehnologija. Danas postoje
mnoge tehnike za snimanje i analiziranje ljudskih pokreta, kao S§to su inercijalni, opticki,
magnetski, akusti¢ni ili mehanicki sistemi. Vrsta sistema za snimanje pokreta koji se koristi zavisi
od obima merenja, potrebne rezolucije, karakteristika zabelezenih pokreta i okoline u kojoj se
pokret izvodi. Najcesce koriscene tehnike za snimanje ljudskog kretanja su zasnovane na primeni
markerima. U poredenju s drugim tehnikama, tehnike zasnovane na markerima ne akumuliraju



greske tokom snimanja, pruzaju bolju preciznost i rezoluciju, imaju veéi obim merenja i nisu
osetljive na elektromagnetna polja i Sum. Neki od nedostataka ove vrste sistema za snimanje
ljudskih pokreta uklju¢uju duze vreme postavljanje markera na ljudsko telo, nemoguénost
direktnog postavljanja markera na ljudski skelet radi boljeg prikupljanja podataka, nedostatak
fleksibilnosti u lokaciji za snimanje pokreta i obradu podataka izvan mesta snimanja.
Komparativne analize razliCitih sistema za snimanje pokreta su predstavljene u referencama [1-3].
Snimljeni podaci iz sistema za snimanje pokreta neophodno je dalje procesuirati. Sistemi za
snimanje pokreta imaju funkcionalnosti za analizu i obradu podataka sa senzora. U okviru
osnovnih funkcija Sistema za snimanje ljudskih pokreta su obrade snimljenih pokreta koje
uklju¢uju inicijalizaciju, pracenje, procenu polozaja i prepoznavanje trajektorija markera.
Najcesce korisc¢eni sistemi za snimanje ljudskih pokreta baziranih na markerima sa navedenim
performansama su Advanced Realtime Tracking i Vicon Motion capture System (MCS).

1.1. Advanced Realtime Tracking (ART) MCS

Sistem za snimanje pokreta Advanced Realtime Tracking (ART) sastoji se od hibridnog odela sa
17 setova markera (rigid body) relativno postavljenin na stopalima, potkolenicama,
natkolenicama, ramenima, nadlakticama, podlakticama, Sakama, glavi, kukovima, ledima i trupu.
Za snimanje pokreta koristi se set od 8 infracrvenih (IR) kamera. Hardver za snimanje pokreta
podrzan je softverima DTrack i ART Human za pracenje i reprodukciju kretanja markera u
virtuelnom okruzenju. Softver DTrack prikuplja 2D informacije svake IR kamere i obezbeduje
transformacione matrice koordinatnih sistema (KS) svih markera vezane za delove tela u odnosu
na globalni referentni KS. Polozaji KS zglobova se procenjuju pomocu preseka KS markera
definisanih u odnosu na referentni KS. Orijentacije zglobova su date u odnosu na nepoznate
lokalne KS i ne mogu se direktno koristiti. Referentni KS se definiSe tokom procesa kalibracije
prostorije i povezan je sa povrSinom poda. ART Human koristi informacije koje pruza DTrack 1
procenjuje polozaj KS zglobova ljudskog tela. Uzorkovanje podataka za akviziciju postavljeno je
na 100Hz. Sistem za snimanje pokreta moze prepoznati i pronaéi odgovaraju¢e segmente tela
aktera u uzastopnim frejmovima i pruziti graficki prikaz aktera (avatara) unutar virtuelnog
okruzenja. Kinematicki model avatara realisticno predstavlja ljudsko telo i ukljucuje 60 stepeni
slobode (20 zglobova sa 3 stepena slobode po zglobovu). Segmenti tela avatara modelirani su kao
trodimenzionalne elipsoidne strukture i imaju dimenzije segmenta ljudskog tela procenjene
pomo¢u ART Human softvera. Budu¢i da kinematicki model ljudskog tela ima manje stepeni
slobode od avatara i ima samo nekoliko rotacionih zglobova, pokreti avatara ne mogu se direktno
koristiti i mora se usvojiti model sa manje stepeni slobode koji omogucava replikaciju ljudskog
pokreta.

1.2. Vicon MCS

Vicon je najpoznatiji brend u oblasti tehnologije snimanja pokreta. Vicon-ovi sistemi uglavnom
koriste kamere kako bi pratili kretanje reflektuyju¢ih markera postavljenih na objektima ili
subjektima. Ovi markeri reflektuyju infracrvenu svetlost emitovanu od strane kamera, S$to
omogucava visoko precizno i realno pracenje pokreta. Vicon sistemi su poznati po svojoj visokoj
preciznosti i tanosti, $to ih ¢ini pogodnim za Sirok spektar primena, ukljuc¢uju¢i film i animaciju,
analizu sporta, medicinska istrazivanja i analizu industrijskog kretanja. Vicon sistemi pruzaju



povratnu informaciju u realnom vremenu, $to je kljucno za aplikacije kao Sto su sportski trening 1
nastupi uzivo.

Vicon sistemi su modularni i prilagodljivi kako bi odgovarali razli¢itim potrebama. Korisnici
mogu odabrati broj i raspored kamera i markera, kao i softverske alate koji im odgovaraju za
njihove specifi¢ne aplikacije. Nexus je Vicon-ov softverski paket koji je dizajniran za upravljanje,
obradu i analizu podataka iz MCS. Ovaj softver omogucava korisnicima da obrade, oznace 1i
analiziraju podatke o pokretu, a integrise se i sa softverima za animaciju i 3D modeliranje. Nexus
pruza povratnu informaciju u realnom vremenu tokom sesija snimanja pokreta markera,
omogucavajuéi korisnicima da prate i prilagode postavke po potrebi. Nexus nudi niz alata za
analizu podataka o pokretu. Korisnici mogu izvoziti podatke o snimanju pokreta markera u
razli¢itim formatima za dalju analizu ili upotrebu u softverskim aplikacijama tre¢ih strana, kao Sto
su softveri za 3D animaciju i modeliranje.

2. Imitacioni proces

Informacije dobijene iz MCS koriste se za definisanje karakteristika ljudskog tela i njegovih
pokreta u procesu imitacije. Postoji mnogo sistema za snimanje ljudskih pokreta koji proizvode
razli¢ito strukturirane izlazne podatke, Cesto pruzajuéi informacije o 3D pozicijama markera
(Vicon MCS) ili pozicijii orijentaciji seta markera (ART MCS). Takode, ovi MCS-ovi pruzaju 3D
reprezentacije modela ljudskog tela (avatara) koje se cuvaju u razli¢itim formatima, zavisno o vrsti
MCS-a, Sto otezava razmenu modula avatara u celokupnom kinemati¢kom modelu ljudskog tela.
Na osnovu podataka dobijenih snimanjem pokreta ljudi, proces imitacije moze se definisati u
prostoru spoljasnjih ili unutra$njih koordinata [4]. U prostoru spoljasnjih koordinata snimaju se
pokreti segmenata 1 zglobova ljudskog tela 1 uz odgovaraju¢i kinematicki model ljudskog tela
moze se rekonstruisati pokret. U prostoru unutrasnjih koordinata, cilj je omoguéiti repliciranje
pokreta zglobova ljudskog tela, kroz uglove u zglobovima, prateci konfiguraciju ljudskog tela. Za
imitaciju pokreta ljudskog tela sa dve ruke u kontaktnim zadacima, $to zahteva da robot interaguje
s okolinom koriste¢i svoje ruke i ima ponasanje sli¢no ljudskom pokretu, proces imitacije mora
ukljucivati proces imitacije pokreta ljudskog tela u prostoru unutrasnjih i spoljasnjih koordinata.

Problem imitacije ljudskog pokreta na kinemati¢kom nivou reSavali su Ude et al. [5, 6]. Oni su
predlozili metod za transformaciju snimljene 3D pozicije markera u visokodimenzionalne putanje
zglobova humanoidnog robota na osnovu “twist” reprezentacije. Ljudsko telo je modelirano kao
skalirani model humanoidnog robota. Ustanovili su odnose izmedu pokreta zglobova robota i
pokreta markera koriste¢i “B-spline wavelets” i tehnike optimizacije velike skale. Metod je
primenjen na humanoidnom robotu nazvanom DB.

Gértner et al. [7] su predstavili algoritam za imitaciju koji moze mapirati snimljeni pokret ljudskog
tela na pokret robota koristeci pokrete stvarnih i virtualnih markera. Virtualni markeri su definisani
kao fiksne i1 unapred oznaCene taCke na povrSini antropomorfnog modela. Njihov algoritam je
definisan kao dve nelinearne optimizacione funkcije sa ograni¢enjima. U prvom koraku se prenosi
prethodno snimljeni pokreti markera na pokret modela Master Motor Map (MMM), koristeci
sekvencijalni kvadratni programski pristup. U drugom koraku, se vrsi transformacija pokreta



MMM modela u pokret humanoidnog robota ARMAR-III. Mera sli¢nosti pokreta humanoida i
generisanog pokreta MMM modela izraunata je koriS¢enjem Levenberg-Marquardt pristupa.
Dobijeni pokreti humanoida imitiraju prethodno snimljene ljudske pokrete.

Ayusawa et al. [8, 9] su predlozili metod za simultano identifikaciju geometrijskih parametara
modela ljudskog skeleta na osnovu racunanja gradijenta i Newton-Euler metode. Takode su
preslikali ljudski pokret u pokret humanoidnog robota koriste¢i informacije o snimljenoj poziciji
markera. Funkcija evaluacije za reprodukciju ljudskog pokreta predstavlja razliku izmedu
izmerene pozicije markera u datom trenutku 1 pozicije markera pricvrS¢enih na model ljudskog
tela, koja zavisi od uglova zglobova i dimenzija segmenata. Kako bi definisali geometrijske
parametre kao $to su duzine segmenata i pozicija markera u odnosu na segmente robota, uveli su
tzv. translacione zglobove ¢ije vrednosti ostaju nepromenjene tokom celog pokreta.

Imitacija snimljenih pokreta u vecini sluCajeva ne predstavlja jedan-na-jedan preslikavanje
ljudskog pokreta na pokret robota. Broj stepeni slobode, opseg pokreta zglobova i ostvarive brzine
zglobova danasnjih humanoidnih robota su znatno ograniceniji u odnosu na prosecnog ljudskog
subjekta. U vezi s tim, Pollard je u svojim radovima predstavio algoritam za imitaciju koji uzima
u obzir sve ove ograni¢enja robota i izvodi kvalitetnu imitaciju [10, 11].

U radu [12] je dizajniran i razvijen novi sveobuhvatan sistem za imitaciju celog tela u realnom
vremenu za humanoidne robote. Kako bi se mapirali ljudski pokreti na robota, predlozena je
analiticka metoda nazvana geometrijska analiza zasnovana na vektorskim vezama i virtuelnim
zglobovima (GA-LVVJ) za mapiranje ljudskih pokreta na robota na osnovu posmatranih ljudskih
podataka. Vektorski nizovi su konstruisani prema snimljenim taCkama skeleta, a virtualni zglobovi
su postavljani prema vektorskim nizovima i zglobovima robota. Koordinatni sistem za svaki
segment skeleta coveka je definisan kako bi se izraGunala pozicija i orijentacija segmenta. Uglovi
u zglobovima su izraCunati primenom strukturalne analize susednih zglobova. Ovaj algoritam je
testiran za rezim dvostrukog oslonca, rezim jednostrukog oslonca i rezim hodanja. Ravnoteza se
kontroliSe u svakom rezimu, a stabilnost sistema omogu¢ava robotu da izvodi neke komplikovane
zadatke u realnom vremenu.

Imitacioni proces je naSao primenu i u postupcima rehabilitacije u obliku simulacionih softvera.
Fok et al. [13] su predlozili imitacioni algoritam koriS¢enjem optimizacijone funkcije za
generisanje ljudskog pokreta, ali ih nisu mapirali na robota. Njihova studija imala je za cilj da
ispita kako ¢e rame funkcionisati nakon operacije i kako ¢e se kinematika i napor mi§i¢a promeniti
nakon operacije. Umesto stvaranja biomimetickog profila pokreta za robota, svrha je bila
proucavanje ljudskog tela kroz simulaciju. Menichtas et al. [14] su napravili robotski model
ljudskog tela koriste¢i Lijevu algebru. Na osnovu snimljenih podataka ljudskog tela izdvojeni su
parametri, kao $to su duZzine segmenata i centri zglobova, da bi se kreirao model robota i izracunali
uglovi zglobova za analizu razli¢itih zadataka u svakodnevnim aktivnostima coveka.



Onuc TeXHMYKOT peliema ca KapaKTepHUCTHKaMa, YKbyuyjyhn nmparehe
WiycTpauuje U TeXHUYKe HpTexe:

Ovo tehnicko resenje, predloze softverski paket Human Motion Estimator - HUMANES za
generisanje pokrete ¢oveka u prostoru unutra$njih koordinata koriste¢i podatke dobijene od strane
razli¢itih MCS. Aplikacioni softver je razvijen za ART i Vicon MCS. Ovo tehnicko reSenje se
sastoji od korisniCkog interfejsa za definisanje osnovnih parametara kretanja coveka i algoritama
koji ih izraGunavaju. Softverski paket se pokrece klikom na ikonu HUMANES.exe. Pokretanjem
korisnickog interfejsa, korisnik je umoguénosti da izabere dva moda rada: inicijalizacijupritiskom
odabirom opcije Initialization ili pokretanje algoritama za generisanje ljudskih pokreta odabirom
opcije Data Processing (Slika 1). Pritiskom na dugme Restart App (Slika 1(1)), korisnik je u
mogucénosti da se u bilo kom trenutku vrati na pocetak korisnickog interfejsa i zapocne Zeljene
aktivnosti iznova. Pritiskom na dugme QUIT (Slika 1(2)), korisnik je u moguc¢nosti da iskljuci
korisnicki interfejs.

& HUMANES - Human Motion Estimator - x

Mode
(®) Initialization

Data processing

Confirm

Restart App

Help!

Slika 1. HUMANES korisni¢ki interfejs sa listom modova Initialization i Data processing



Na samom pocetku potrebno je da korisnik selektuje mod Initialization i pritisne dugme Confirm

kako bibio u mogucnosti da odabere koji tip sistema za snimanje pokreta ¢e koristiti ART ili Vicon
MCS (slika 2).

1 * HUMANES - Human Motion Estimator = X

Select MCS:

(@) ART Human MCS
() Vicon MC$

Confirm

‘ Restart App ‘

Help!

Slika 2. HUMANES korisni¢ki interfejs sa listom MCS

Klikom na Zeljeni MCS pa na dugme Confirm, korisnik odabira sistem koji koristi. U zavisnosti
od izabranog MCS, korisnik je u moguénosti da jo§ jednom prode kroz inicijalne korake
postavljanja markera i definisanje inicijalnog polozaja ¢oveka kroz sledece korake:

Korak 1: Na samom pocetku korisnik treba da proveli da li su sve relevantne informacije za
generisanje pokreta ¢oveka na adekvatan nacin snimljene. Sa desne strane korisnickog interfejsa
prikazana je slika ljudskog tela sa prednje i zadnje strane sa pozicijama svih markera tela
relevantnih za generisanje pokreta coveka (slika 3(1)). Pritiskom na dugmad Next i Previous



korisnik je u moguénosti da odabere Zeljeni marker (zelene tackice pokazuju trenutno izabran
marker).

¢ HUMANES - Human Motion Estimator

‘ Restart App ‘

- MARKER POSITION ON HUMAN BODY: @
N_thigh: The thighs targets should be worn in the middle of thigh in the front of the
body.

Help!

Slika 3. Ljudsko telo sa pozicijama markera (1); Dugmad za selekciju markera (2); dijalog boks
sa detaljanim opisom pozicije markera na ljudskom telu (3). Pozicija markera je predstavljena za
ART MCS

Klikom na svaki marker korisnik dobija detaljnije informacije o tacnoj poziciji postavljenog
markera na ljudskom telu koji je dat u dijalog boksu (Slika 3(3)). Kako bi MCS-i precizno i tatno

radili potrebno je da:
e U slucaju ART MCS-a, 17 setova markera budu postavljeni na tacno odredjenim

lokacijama po celom telu aktera kako je naznaceno, prilazano i detaljno objasnjeno
u aplikaciji (slika 3(3)).



U sluéaju Vicon MCS-a, 25 florescentnih markera treba da bude postavljeno na
gornjem delu tela kako je naznaceno i detaljno objasnjeno u korisnickom interfejsu

(slika 4).

¢ HUMANES - Human Motion Estimator

e
- MARKER POSITION ON HUMAN BODY:
M_elbow: The elbows markers should be placed in the elbow joints.

hain(L)

Slika 4. Ljudsko telo sa pozicijama markera predstavljenih za ART MCS

Detaljnim upustvima za pravilnu upotrebu MCS-a i skladistenje podataka moze se
pristupiti preko linkova pritiskom na dugme Help! u korisni¢koj aplikaciji (Slika 4(1)).
Ako je korisnik siguran da su svi marker postavljeni na tatno odredjenu lokaciju i da je
protokol snimanja uradjen u skladu sa upustvom datom od strane proizvodaca MCS-a,
algoritam za estimaciju pokreta Coveka moze biti aktiviran.



Korak 2: Proces inicijalizacije ima za cilj da definise inicijalnu konfiguraciju aktera kako bi se
kinematski model Coveka precizno skalirao na dimenzije aktera i omogu¢io najpreciznija
estimiranje pokreta. U aplikaciji je predstavljena inicijalna konfiguracija (ruke su horizontalno
ispruzene napred u visini ramena sa dlanovima okrenutim ka podu) koju akter treba da zauzme na
pocetku svakog snimanja. Ova inicijalna konfiguracija je precizno definisana i lako ostvarljiva
(Slika 5).

¢ HUMANES - Human Motion Estimator - X

p—

- MARKER POSITION ON HUMAN BODY:

In the initial configuration, the person is standing upright, legs close together, and
arms extended horizontally forward, palms oriented downward.

Help!

Slika 5. Prikaz inicijalne konfiguraciju aktera sa detaljnim opisom u dialog boksu

Nakon procesa inicijalizacije koji obuhvata uspesno postavljanjenih markera, ostvarene inicijalne
pozicije na poetku pokreta i sSnimanja pokreta uz pomo¢ MCS, imitacioni proces za generisanje
ljudskih pokreta se moze pokrenuiti.



Pritiskom na dugme Restart App (Slika 5(1)) korisnik se vra¢a u pocetni meni korisni¢kog
interfejsa (Slika 1) i moze pristupiti obradi podataka kroz imitacioni process izborom modula Data
processing.

¢ HUMANES - Human Motion Estimator — e

Select file

Weight coefficients

a—= 0.7

pF= 1.3

= 1

6= 1.3
Restart App
Help!

Slika 6. HUMANES korisnicki interfejs moduo Data processing

Odabirom Zeljenog MCS-a, korisnik je u moguénosti da odabere i u€ita snimljene podatke sa
MCS-a pritiskom na dugme Select File (Slika 6(1)) i da podesi tezinske koeficijente imitacionog
process a, B, vy i 6 (Slika 6(2)). Imitacioni process se automatski pokrece nakon ucitavanja
podataka, a rezultati se prikazuju u korisnickom interfejsu.

U okviru imitacionog procesa definisana su dva algoritma koja su univerzalna za oba MCS-a |
pokrecu se kroz korisnicki interfejs:

1. Inicijalizacioni algoritam
2. Imitacioni algoritam



Inicijalizacioni algoritam

Budu¢i da je izuzetno zahtevno kreirati model za svakog pojedinacnog Coveka, usvojen je
kinematski model gornjeg dela ljudskog tela (KM) prikazanog na Slici 7 kao univerzalni model.

Slika 7. Univerzalni kinematski model gornjeg dela ljudskog tela

KM ljudskog tela je kori$¢en u imitacionom algoritmu sa ciljem da se generiSu sve informacije u
c¢ovekovom kretanju u prostoru unutrasnjih koordinata. Dimenzije kinematSkog modela Coveka
potrebno je skalirati na dimenzije veli¢ina ljudskih segmenata. Za potrebe procesa skaliranja
inicijalna konfiguracija je koriS¢ena. Pozicije zglobova u inicijalnoj konfiguraciji dobijena izMCS
su koriS¢ene za estimiranje duzine segmenata u procesu skaliranja. Dimenzije segmenata su
izracunate preko Euklidske udaljenosti izmedu dva susedna zgloba, koriste¢i podatke dobijene
kroz viSe semplova snimanja dok je akter u inicijalnoj konfiguraciji. Dimenzije uparenih
segmenata koji se nalaze s leve i desne strane tela pretpostavljaju se identi¢énim i izracunate su
uzimaju¢i srednju vrednost procenjenih dimenzija segmenata s desne i leve strane. Polozaj 1
orijentacija markera fizi¢ki pric¢vrs¢enih za telo aktera (Realni Markeri) poznati su i izraCunavaju
se softverom MCS. Kako bi se koodinatni sistemi Realnih Markera pric¢vrstili za KM ljudskog tela,
inicijalna konfiguracija sa pocetka pokreta dok akter miruje je koris¢ena. Posto se KM postavlja
na inicijalnu konfiguraciju ljudskog tela skaliranu na dimenzije aktera, koordinatni sistemi Realnih
Markera se lako replikiraju na KM ¢oveka. Ovi koordinatni sistemi se u daljem tekstu nazivaju se



Virtuelni Markeri. Koordinatni sistemi Virtuelnih Markera definiSu se kao fiksirani i unapred
obelezeni koordinatni sistemi na povrsini KM koji se postavljaju unapred. Koordinatni sistemi
Virtuelnih Markera se definiSu prema Kkoordinatnim sistemima Realnih Markera u pocetnoj
konfiguraciji tokom procesa inicijalizacije i koriste se u imitacionim algoritmima kako bi se sa
njima pratilo kretanje Realnih Markera tokom vremena. Proces preslikavanja inicijalne
konfiguracije aktera na KM i postavljanje koordinatnih sistema Virtuelnih Markera je izvrSen
tokom procesa inicijalizacije predstavljenog kroz Algoritam 1.

Pocevsi od osnovne konfiguracije KM g, , za koju su vrednosti uglova u svim zglobovima

jednaki O (slika 6), pozicije zglobova skaliranog kinematskog modela ¢oveka (SKM) treba da
odgovaraju snimljenim pozicijama zglobova aktera. Pozicija zglobova aktera je uzete od ti_; do

ti=n,;; Viemenskih instance tokom inicijalne konfiguracije aktera. Orijentacija Saka aktera

(distalnih zglobova) u inicijalnoj konfiguraciji je preslikana na SKM bez izmene. Shodno tome
kriterijumska funkcija koja opisuje proces inicijalizacije i racuna inicijalnu konfiguraciju SKM
O j€ predstavljena jednacinom (1):

55‘] LeftScoulder I:’rJ-LeftScoulder (Ginit)
I:_)filJ-RightScouIder h I:)"J-RightScouIder (@init)
ﬁajLeftElbow ~ PriLettemow (Clinit)
min 5aJ'_RightElbow ~ Pirightemow (Clinit)
Gt Paj LeftWrist F>rJ'LeftWrist (Qinit) )
ﬁaJ'RightWrist B I:)"J.RightWrist (@init)
Aé"J.LeftWrist(Qinit)

AerJ-RightWrist (%init)

gde ﬁajn predstavlja  srednju  vrednost pozicije zglobova aktera P, (t.,, )

init

n e {LeftShoulder, RightShoulder, LeftElbow, RightElbow, LeftWrist, RightWrist} tokom n

vrenenskih instanci u inicijalnoj konfiguraciji, P, () je trenutna pozicija SKM, Aey, je greska

init

u orijentaciji Saka h e{Leftwrist, Rightwrist} aktera i SKM u inicijalnoj konfiguraciji. Orijentacija
Saka predstavljena preko rotacione matrice Ryj, (q) je izrazena u formi kvaterniona:

Qjy @ =| QM @ Q%@ Q%@ Q' (@)
Greska u orijentaciji A€, (g, ) J€ izracunata kori$¢enjem jednacine:

(Ibasic)) €,  (Ginit) (2)

Aérjh (Ginit) = Mrip (Ginit)- érjh (Upasic) —M fih (Upasic)- érjh (Yinit) — S(érjh i



T
H

Gde je Ny, =Qlrjh (q), érjh:[erjh (@ Q°% (@ Q“”.h(q)] i S() je skew-symmetric vektorski
operator.

Uzimaju¢i u obzir da je kod ART MCS orijentacija seta markera poznata, dobijene
transformacione matrice iz MCS su direktno koriS¢ene u jednacini 1. Sa druge strane za slucaj
Vicon MCS koju daje informaciju o 3D poziciji markera, bez informacije o orijentaciji,
transformaciona matrica svakog od markera je generisana dodavanjem rotacionog dela u obliku
jedini¢ne matrice.

Pocetni pogodak za optimizacionu funkciju je ¢, - Zglobovi ramena, laktova i Saka su koris¢eni

u algoritmu, dok su zglobovi glave, trupa i vrata fiksni.

Inicijalna konfiguracija g, je bitna za precizno inicijalno pozicioniranje Virtuelnih Markera na

SKM i njihovog povezivanja sa zglobovima SKM. Koordinatni sistemi Virtuelnih Markera (sa
transformacionom matricom T, ), su postavljeni na SKM i povezani sa najbliZim proksimalnim

koordinatnim sistemom  zgloba Ty (dinit) Preko transformacione matrice rjnT\,ml. Virtuelni
Markeri sa proksimalnim zglobom SKM-a su upareni na slede¢i nacin:

{TereftShoIder ’TmeeftUpperArm }’{TrjRightShoIder-TvaightUpperArm }’{TereftElbowrTmeem:oreArm }

{T"jRightEIbowvTvaighﬂ:oreArm }’{TereﬂWriSt v eftHand }’{TrjRightWrist ’TvaightHand }

Transformaciona matrica Virtuelnih Markera u inicijalnoj konfiguraciji se izracunava kao srednja
vrednost transformacione matrice Realnih Markera Tem (tizg.n,..) U Ninit Vremenskih instanci.

Transformaciona matrica rjnTva je izraCunata za svaki par zglob-marker i ostaje nepromenjena
tokom imitacionog algoritma.

Inicijalizacioni algoritam je predstavljen kroz devet koraka u Algoritam 1:

Algoritam 1 Inicijalizacioni algoritam

1. Inicijalizacija: dpasic  Ninit  Paj (i ). Trm (t) , kinematski model ¢oveka
Proces skaliranja: duzina segmenata, skaliranje KM « Py (ti—gn, )
Trj (dbasic) < DirectKinematics(dpasic )

Prj (Abasic): Rrj (dbasic) < Trj (Abasic)

I5aj <« mean(Pyj (ti—tn; ., )

o ok~ W

Optimizacioni algoritam: fmincon
Ginit < fmincon(kriterijumska funkcija (vidi Jed.(1)), dpasic )

7. -Frm <« mean(Tym (tizl--ninit )




8. Tym :frm

9. rjnTvm| =inv(Tyj, (Cinit))Tym, 9de je
| e {LeftUpperArm, RightUpperArm, LeftForeArm, RightForeArm, LeftHand, RightHand} i
n e {LeftShoulder, RightShoulder, LeftElbow, RightElbov, LeftWrist, RightWrist}

Imitacioni algoritam

Imitacioni algoritam predstavlja optimizacioni algoritam za izraCunavanje kretanja Coveka u
prostoru unutrasnjih koordinata na osnovu snimljenih pokreta MCS-om. Imitacioni algoritam je
formulisan kao optimizacioni algoritam (jednacina 3) koji izracunava unutrasnje koordinate u
zglobovima SKM Gjpitation (tj) u svakom odbirku u trenutku t; , gde je ie[1...N], N predstavlja

broj odbiraka snimljenog pokreta.
Gimitation (ti) = mqin (¢) (3)

Kriterijumska funkcija koju imitacioni algoritam treba da minimizuje se sastoji od greske u
pracenju pozicija zglobova SKM Ry i aktera Py ; greSku u pracenju pozicije Realnih Markera Py
sa Virtuelnim Markerima Ry ;1 greSke u orijentacijiizmedu Realnih Ry 1 Viturlnih Markera Ry,
predstavljenih u jednac¢inama (4) 1(5). Uzimajuéi u obzir da je preciznost estimacije orijentacije
sa MCS manja u odnosu na estimaciju pozicije, samo orijentacija distalnih segmenata je uzeta u
obzir 1 ukljuena u imitacioni algoritam.

Optimizaciona funkcija je predstavljena relacijom (4):

¢=[ett )| (4)
gde
a(P;m (ti) - _:Jm (CI))
B(Po (t) = Py (@)
14 (Aé)rmeeftHand (tliq))
S(ti,q) = )4 (Aé)ﬁ’mRightHand (ti’ q)) (5)
J (PajLeftHand(ti) - PTjLeftHand (q))

9 (PajRightHand(ti) o PrjRightHand(q))
Pajgoay (&) = Prjp,q, (@) ]




Gdesu a , S,y & tezinski faktori, Prm(tj) i Paj(t;) suvektori snimljenih pozicija Realnih Markera
i zglobova aktera u vremenskom semplu t;, respektivno, Pvm(q) i Prj(q) Su vektori pozicije
Virtuelnih Markera i pozicije zglobova SKM u trenutnoj konfiguraciji unutrasnjih koordinata q ;
Paj eftiiang (ti) 1 Pajgighttiand (ti) SU pozicije levog i desnog zgloba Sake aktera u trenutku ¢,
respektivno, m; ... (a)i Prigightriand (@ SU pozicije levog i desnog zgloba Sake SKM u trenutnoj
konfiguraciji unutras$njih koordinata q; P,
semplu t;, P,

JBody (t;) je pozicija zgloba telaaktera u vremenskom
JBodsy (q) je pozicija zgloba tela SKM (g 7,yqw) U trenutnoj konfiguraciji unutra$njih

koordinata q; su greske u pracenju orijentacije izmedu Realnih i

Aé"V"”LeftHandl AérVmRightHand
Virtuelnih Markera zakacenih na levu i desnu Saku u trenutku tj i u trenutnoj konfiguraciji
unutrasnjih koordinata q, respektivno. Greska u orijentaciji je predstavljena preko kvaterniona.
Rotacione matrice, Rym .. () 1 Rum iong (0 (KOje predstavljaju orijentaciju Realnih i

Virtuelnih Markera leve Sake, respektivno) su preko kvaterniona predstavljene kao:

1Al . 2 . 3 . 4 .
QrmLeftHand - |:Q M| eftHand G) Q M| eftHand ) Q M| eftHand G) Q M| eftHand (t')}
= Q! t) Q2 ) Q° ) Q* t
vaI =|Q VM| eftHand ) Q VM| eftHand ) Q VM| eftHand G) Q VM| eftHand () |

respektivno, gde je

— 1 . a _ 2 3 4 T
nrmLeﬁHand - Q M| eftHand (tl) ! ermLenHam - |:Q My eftHand (t') Q My eftHand (t') Q My eftHand (t'):| !

_nl i _ N2 3 4 ¥
nmeeftHand - Q VM| eftHand (q) ! I eVmLeﬂHand - |:Q VM eftHand (q) Q VM| eftHand (q) Q VM| efHand (q):| '
Greska u pracenju orijentacije Aérme g je izracunata kori§¢enjem relacije:
ertHan
AermeeﬂHand (tl ) Q) = anLeftHand (Q) : ermLeftHand (tl ) - (4)
(t)-€ (@)-S(e (t)-€ (@
M eftHand — VMLeftHand M efiHand  "MLeftHand

Greska u pracenju orijentacije desne Sake A€rvmpigniang J€ 1Zracunata na isti nacin.

1. U slu¢aju kori§éenja ART MCS vektori Prm(tj), Paj(t), Pvm(d) i Prj(q) su predstavljeni
relacijama:



PrmLeftUpperArm ()

|:)"mFéightUpperArm ()
= PrmLeftForeArm (ti)
Prm(t) = R (t)

IMRightForeArm ‘!

I:)rmLeftHand ()

I:)rmRightHand () ]

l:)VmRightUpperArm (@
R (a)

— VM| eftForeArm
;Pvm(q) =

I:)\”'nRightForeArm (@)

Rim efttand @

F)VmLeftUpperArm (@

I:)VmRightHand (@) ]

;Paj () =

Paj LeftShoulder ()

P<'J‘J-Rig:]htShouIder ()

Pai eftetbow (1)

PajrightEtbow )

Pri(a) =

Prj LeftShoulder (@

PrJ-Ril;]htShouIder (@)

PriLeftEtbow (@)

PrjRightEIbow @

2. U slucaju kori§éenja Vicon MCS vektori Prm (tj), Paj (&) , Pum(q) i Prj(g) su predstavljeni

relacijama:

P:‘m (ti) =

ﬁaj(ti) =

PTmLeftUpperArm ()
PrmRightUpperArm(ti)
P

TMLeftForeArm ()

PrmRightForeArm(ti)

2
P

rMpeftHand (ti)

TMRightHand(ti)

P

TMLeftMiddleFinger(t)
P TMRightMiddleFinger(ti)
P

TMLefeLittleFinger (Ei)

PTmRightLittleFinger(ti)

P
P

TMpeftThumb ()

TMRightThumb(t) |

[ PajLeftShoulder(ti) ]

| P ajLeftEibow(ti)

|. PajRightElbow(ti)

| PajRightShoulder(ti) | ﬁ)

(@)

"

[
I
=|
|

| P

P

P

P,

PmeeftUpperArm (@
VmRightUpperArm(Q)
P

VMLeftForeArm (@

P”mRightForeArm(q)

P
P

VMlLeftHand (@
VmRightHand(q)

VYMLeftMiddleFinger(q)

p YMRightMiddleFinger(Q)

p

VYMpeftLittleFinger (@)

17mRighthittfleFinger(l])

P
p

VMLeftThumb (@
YMRightThumb (@)
PereftShoulder(Q) ]
JRightShoulder(Q) |
PereftElbow(Q) |

JRightElbow(d)

U skladu sa kriterijumskom funkcijom (5) faktori o ,f, y i & predstavljaju razlicite nivoe
prioriteta u smislu pracenja pozicija markera i zglobova. Sa ciljem da se redukuje uticaj kretanja
koze (koje ima direktan uticaj na pomeranje markera) tokom izvodenja pokreta i poveca tacnosti
imitacije faktori « i £ suuvedeni kako bi dali veéi prioritetu pracenju pozicija u zglobovima u
odnosu na pozicije markera. Svi tezinski faktori su podesivi u aplikaciji. Uzimaju¢i u obzir da
imitacija pokreta moze da podrazumeva i kontaktne zadatke izmedu Saka i predmeta, tezinskim
faktorima y (tezinski faktor za pozicijusake) i J (tezinski faktor za orijentaciju Sake) treba dodeliti

najvece vrednosti.

1. U slucaju koris¢enja ART MCS pocetne Vrednosti tezinskih faktora su setovani na: a =0.7,
p=13,y=11i0=13.



2. U slucaju koriséenja Vicon MCS pocetne vrednosti tezinskih faktora su setovani na: a =1,
B=13, ¥y =01i0=13, uzimajuéi u obzir da se orijentacija Saka nepoznata i ostvarije se
prac¢enjem pozicija 3D pozicija markera na prstima.

Dobijeni rezultati imitacionog algoritma djmitation Moraju biti dodatno procesirani sa ciljem da se
eliminiSe Sum od MCS i dobije glatka trajektorija svih zglobova SKM. U tu svrhu koriséen je
Savitzky—Golay filter. Na ovaj nacin smo dobili glatke trajektorije zglobova SKM  Qjmitation -

Imitacioni algoritam je predstavljen kroz Cetrnaest koraka u Algoritam 2:

Algoritam 2 Imitacioni algoritam

1. Inicijalizacioni algoritam (Algoritam 1)
Definisanje «,8,7,6

0 = Qinit
Trj(q) < DirectKinematics(q);

Tum (@) =T (@) Ty
Rim (@), Rym () <= Tym (@)
Prn(t;), Rrm(t) < Trm(t;)
10. Optimizacioni algoritam: fmincon
11. Yimitation (ti) <= fmincon(kriterijumska funkcija (vidi Jed. (5), Ginit )

3
4
5
6. Pi() < Tri()
.
8
9

12. gjnit = Gimitation(t;)

13. Qimitation (tj) < sgolayfilt(Gimitation (ti )
14. end for

Prikaz rezultata

Imitacionog procesa generiSe informacije o estimiranom ljudskom pokretu u obliku trajektorija
zglobova Qjmitation SKM coveka. Trajektrije svih zglobova gornjeg dela tela Coveka u obliku
unutra$njih koordinata su graficki predstavljeni u korisnickom interfejsu (Slika 8), dok se
numeri¢ke vrednosti trajektorija snimaju u .exel fajluu odabranoj datoteci u odeljku Destination,
pritiskom na dugme Save (Slika 8(1)).



% HUMANES - Human Motion Estimator - b

Human joint label Body Head Left arm Right arm

Weight coefficients
a = 0.7
p= 13
Yy = 1
() = 1:3

Destination: 1 C:\Program Files\Humanes'\application\DATA_ART\PROCESSEL

o =0

Slika 8. HUMANES korisnic¢ki interfejs snimanje i prikaz rezultata

U cilju lakse analize dobijenih rezultata pritiskom na karticu Human joint label (Slika 8(2))
korisniku je data slika KM ¢oveka sa rasporedom zglobova. Graficki pregled rezultata je dat kroz
grafike trajektorija, glave, trupa, leve ruke i desne ruke koje su predstavljene na pojedina¢nim
karticama. Primer prikazivanja rezultata trajektorija leve ruke je prikazana na Slici 9.



% HUMANES - Human Motion Estimator - X

Human joint label Body Head Left arm Right arm

| Left arm
05 - S
0 F—— Q12
Qi3
g 0.5 = Qs
i Qis
-1 \ Qs
A Q17
Weight coefficients -1.5 Qg
_ 2 :
w= | 0 100 200 300 400 500 600
§= 13 sample
¥ = 1
d = 13
| Restart App |
Destination | C:\Program Files\Humanes\application\DATA_ART'\PROCESSEL
Help! | Save

Slika 9. HUMANES graficki prikaz reziltata trajektorija zglobova leve ruke

U konzoli softvera se ispisuje trenutni status rada aplikacije predstavljenog u formi rednog broja
odbirka podataka koji se obradjuje u odnosu na ukupan broj odbiraka (Slika 10). Nakon zavrSene
obrade podataka u konzoli se ispisuje proteklo vreme za koje je estimacija pokreta izvrSena.

:! C:\Program Files\Humanes\application\Humanes.exe - ] X

EJLJL

40
50

4
4
A
4
a
5i
5
5
5
5.
5
5i
51

ng

Elapsed time

Slika 10. Konzolarni prikaz statusa izvrsavanja aplikacije.
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carnacHocT gana Bnaja PC pememem 05 6poj 660-02-5891/2019 o 13. jyna 2019. roaune (,,Ciyxbenu raacHuk
PC*, 6poj 42/19), koju ce peamusyje y ckialy ca AKTOM O LH/bEBMMA, HAYMHY peaju3allije W YCIoBHMa
(uHaHCHpara npojekata y okBupy [Iporpama 3a H3BpCHE TpojeKTe Miaaaux ucrpaxupada 6poj YO- 21-1/2019 oz
04.06. 2019. roaune, a no jasHom nosusy Monaa 3a Hayky Peny6anke Cpbuje on 21. jyna 2019. roavise 3a npujaBy
HAYYHOMCTPaXKHBAYKUX Mpojekata y okBupy [Iporpama 3a U3BpcHe mpojexte Miaaux ucrpaknsaya — [IPOMUC n
omtyke YnpasHor og6opa ®oraa 3a Hayky 6poj VO - 24/2020 ox 27.02.2020. ronute o ycBajatby KOHa4HE JIHCTE

[Ipojekara kojuma ce on00pasa 3a (prHaHcHpabe cpeactima PoHza 3a Hayky 1o IIporpamy [TPOMUC (y namem
tekcty: Omnyka YO), 3akibyuyje ce

YT'OBOP O ®PUHAHCHUPABY

peaamsaumje HayuHoucrpaxusa4kor Ipojexra noa nasusom MECHANICAL
IMPEDANCE ESTIMATION AND PLANNING FOR THE NEXT GENERATION
COLLABORATIVE ROBOTS,

axponum ForNextCobot , eBuaenunonu 6poj 6062528.
y oxBupy IIporpama 3a H3BpCHe NpojeKTe MJIAAHX HCTPAKUBAYA — IMPOMUC

®onaa 3a Hayky Peny6anke Cpouje

uzMely cnefehux yroBopHuX cTpaHa:

1. ®OHJA 3A HAVKY PENYBJIUKE CPBUJE, ca perucrpoBanuM ceiulutem y beorpany, yi.
Hemamuna 22-26, 1 ajpecom obaBibama AenatHocTd y Y. Macapukosa 5/XIX, beorpa, MaTH4HH 6poj
17921410, TTUB 111343775, 6poj pauyHa KIC 840-670723-30, xora 3actyna ap Muinua Bypuhi-Jopnunh,
B.I. AMpeKTOopa (y Aa/beM TekcTy: MOH/ 32 HAYKY),

ca jeliHe CTpaHe,
H

2. Peanusaropa HCTpaXknBara/KOPHCHHKA CPEICTaBa 000PEHHX 32 PHHAHCHPaKE [MpojekTa (y 1a/beM TEKCTY
CBAKO OJl HABEIHNMX T0jeMHAYHO O3Ha4YeH kao KOpHCHHK cpeacTaBa, a CBH 3ajeJHHUYKH O3HAYEHH Kao
KopucHHIH cpeacTaBa):

2.1. AKpeINTOBAHA HAYYHOHCTPAKHBAYKA OPraHH3aNM]a — HUO EjiekTpoTeXxHHUYKH QaKy/ITeT,

Yunsepsurer y Beorpaay, ca cenuurem Ha aapecn bysieBap kpajba Ajiekcan/pa 73, 11120 beorpap,

[TUB: 100206130, matuunu 6poj: 07032498, kojy 3actyna npod. ap Muno Tomatuesuh, 1exan, Koja je
nocunan peanusanmje [pojexra (y namem tekery: Hocnaan IlpojexTa);

2. 2. AxkpenHTOBaHe HAYYHOHCTPAKHBAYKE opranmsaunje — HHO (y namem Tekcty: YdecHHUHM
IIpojexTa):
1) Muctutyt Muxajno [lynun, YrusepsuteT y beorpany, ca celMiuTem Ha anpect Bosnruna 15, 11060
Beorpan, ITMB: 100008310, mMathunu Gpoj: 07014694, kojy 3actyna npod. ap Camwa Bpasen,
pupekTop (y nabeM Tekcty: Yuecnuk Ipojexrta);
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D@omux 3a nayky Peny6muke Cpbuje — [TIPOMUC
Yrosop o dunancuparwy peanusauuje [pojexra

3. Kocra Josanosuh, 3anocen y HUO Enextporexunukn daxynrer, Yuusepsurer y beorpamny Hocuory
ITpojexra (y aamem Tekcty: Pykosoauaan Ilpojexra),

ca IpyTe cTpaHe.

TepMHHU W3paXXeHH Y OBOM YTOBOPY Y rPaMaTHUYKOM MYILIKOM POAY MOApPa3yMeBajy NMPUPOAHH MYLIKH H KEHCKH
POJI M1A HA Koja ce OfHOCe.

Crpane cy ce ciopazymene o ciejehem:

I TPEJIMET YI'OBOPA

Yaan 1.

OBuM yrosopom o (hpMHaHCHPamwy peanusalinje HayqyHoucTpaxknBadkor [Ipojexra (y 1abem TeKCTy: YroBop)
ypebyjy ce meljycoGHa nmpaBa u obaBe3e yroBOPHUX CTpaHa y peanusailuju v ¢puHaHcupamwy [Ipojexta y okBUpY
ITporpama 3a U3BpCHE NMpojekTe MJIaJnX HeTpakuBaya (y aabem tekety: MPOMMUC).

Peanuzauuja [Ipojekra Tpaje 24 Mecelia o7 JaHa CTyNaka HAa CHary OBOT YTOBOpa.

Ogaj YroBop ce 3akJbyuyje, H3BpLIaBa U (UHAHCHPA Y CKJIaLy ca Hayenuma 1 oapendama rnponuca Kojuma
ce ypelyjy o6HraunoHo npaBHK OJHOCH, MPOMHCa 0 OyETCKOM H TOPECKOM CHCTeMY, [polnKca Kojuma ce ypehyjy
jaBHe HabaBke, mponuca U3 00JacTH: 3alUTHTE NojJaTaka O JIMYHOCTH; 3alITHTE MpaBa MHTEJEKTYajlHE CBOjUHE,
yK/bYy4yjyhiH M 3alITHTY NOBep/bUBHMX MOJaTaka M TMOCIOBHE TajHE; 3alITHTE HayuHe cnoboie W cTBapanallTsa,
CTaHJapla HayKe U eTHYHOCTH Y HAay4YHOMCTPAXKMBAYKOM pajly; 3alUTHTE )KMBOTHE CPEIHHE, Kao U opeaada AKTa o
IM/bEBMMA, HAYUMHY peajiu3allije W ycnoBuMa (uHaHCHpama npojexkara y oksupy Ilporpama 3a u3BpcHe Miaze
ncrpaxusaue (y naseM tekcty: AKT o IPOMMC-y) u apyrux npomuca ¥ akara Kojuma ce ypehyjy nutama o
3Havaja 3a peaausaunjy [TIPOMUC-a.

Ynan 2.

CacraBHH eo YroBopa uMHe cineaehu npunosu:

- IIpuaor 1 — Onobpenu [peasor IIpojexra;

- IIpuaor 2 — byyer [Ipojexra u Pacniopen nnahara;

- IIpmaor 3 —Bpemencku oksup [1pojexra (I"anTorpam),

- Ipunor 4 — Cnucak 4naHoBa TiMa [1pojexta yksby4dyjyhu u Pykosoznuoua Ipojexra;

- Hpuaor 5 — Onwru nogaiwm HAO 1 notepaa o crawy Ha [loceGuum pauynuma [pojexra;

- Hpuaor 6 — Uzjasa Hocuoua Ipojexra/Yuecunka [Tpojexra o nowrosamy obasesa;

- Ipunor 7 — Jedununuje;

- Ilpmjor 8 — (ykonuko je mornuca) yrosop usmely Hocnoua I1pojexra u Yuecuuka Ilpojexra o yueuhy

y peanusaumju [lpojexra, kojuMm cy peryancana muxosa MehycoGHa mpaBa u obaBese 1O OCHOBY
dunancuparsa peanusaumje [Ipojexra ox crpane Pouaa 3a Hayky (y mambem Tekety: KoH30piHjyMcKku
YroBOp) M OCTaJIH TIPHIIO3H O/ 3Hauaja 3a hunancupame peanusaunje [Ipojexra 1o oBom Yrosopy;

- Tlpuaor 9 -(yKONHMKO je MPHMEH/bMBO) €THYKE CAarJaCHOCTH M JApyre carflaCHOCTH HEONXOHe 3a

peanuzauujy [Ipojexra;

- Ipuior 10 — (yKouKo je NPUMEHIBHIBO) MOMYHEH YIHTHUK O NOTEHLMjaIHIM PU3HLIMA [IpojexTa no

3AIITHTY JKMBOTHE CPEJIMHE U COlMjallHa UTAMba U TLIaH 3a ynpassbare pusuiuma [1pojexra.

He oncrynajyhu on apyrux nebuHMuMja y 0BOM YTOBOpPY, NOjeAMHHM TEPMHHH YNOTPeO/bEHH Yy OBOM
YroBopy MMajy 3HaueHe Koje je HapeeHo 3a Te Tepmune y [lpuory 7.
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®onz 3a nayky Penybmike Cpouje — [TPOMUHUC
Yrosop o (uHaHCHpamwy peanusauuje Ipojexra

II OUHAHCHUPAKBE MPOJEKTA

Yaan 3.

DoHj1 32 HAYKY je caracaH Ja ¢puHaHCHPa peaiusanujy IIpojekTa y MaKCHMAIHOM H3HOCY O/
unapa y cknany ca onopennm Bynerowm Ipojexra (| EEGEGD. rpeva munavmuuy ny
JIMHApCKUM M3HOcKHMa yTBpherum y Pacniopeny niaahama u3 [pusiora 2.

duHancHjcka cpeacTsa 3a peanusauujy Ilpojexta ce mcnahyjy y AvHapyma Ha KBapTajaHOM HHBOY, Y
cknany ca Pacnopenom mnahama u3 [punora 2, Ha IoceGuu pauyn IMpojekra Hocuoua Ipojexta u YuecHuka
IIpojexra Koju cy HaBeneHu y puiory 5 Yrosopa, U TO:

1. Cpencrsa 3a npsu kBapran [Ipojexra ce ynnahyjy no crynawy Ha cxary oBor Yrosopa.

2. Cpenctsa 3a cBakd HapeaHu ksaprtan Ilpojekta ce ymiahyjy Hakon onobpema KsapramHor
aIMHHHCTPaTHBHO-(MHAHCH]CKOI W3BellTaja 3a MPETXOAHM KBapTajl. YCIOB 3a yIjaTy CpeiacraBa 3a
O/IHOCHH KBapTal je JocTaBbatbe KBapTalHOr aAMHHHCTPATHBHO-QMHAHCH]CKOT M3BELITAja 3a MPETXOHH
KBapTall, a yIjara MOxe 3aBUCUTH H Ofl HCX0/Ia Ha/I30pHe rocete oj cTpaHe MoH/Ia 32 HAYKY, YKOJIHUKO Oy/e
olemeHa notpeda 3a teHUM cripoBohemeM. Pykoeonunall Tlpojexra je y 06aBe3u aa 3aje/JHO ca KBapTaTHUM
aJMHHUCTpATUBHO-GUHAHCH]CKMM H3BewiTajeM QOHAY 3a HAayKy YNYTH 3axTeB 3a cielehy KBapTajiHy
HCILIATy cpejcTaBa, y3umajyhu y o03up yTpoliak cpejictaBa n3 NPeTXOQHOr KBapTaia (kao u oarosapajyhu
MPETXOJHU U3BEITaj) U on00peHu Pacniopen niaharma.

H3Hoc kBapTanHe ucmate yTphen y cknaay ca Pacnopenom niahama Moke ce MPHIAroAHTH H YCKJIaIHTH
ca BUCHHOM CTBapHMX TPOILIKOBA 32 OJHOCHH KBapTaJl, HIP. Y C/lyyajeBiMa Kaja (He)OmpaBiaHo y MOTIYHOCTH HUCY
uckopuwheHa cpejcTBa y M3HOCY KOjU je ucruialeH 3a MpeTXOJHH KBapTal MM Kaja HAcTaHy Hel03BOJbEHH
TPOILKOBH TOKOM ofipel)eHor nepnosa.

@®oHJ 3a HayKy MOXKE yMamHMTH YIaTy cpejacTasa 3a nocieamwy kaprtan [Ipojexra 3a uznoc no 10% oa
YKyIHOT u3Hoca Oyuera IMpojekTa y ckiamy ca ono0peHuM GyueToM (Y JalbeM TEKCTY: 3ajpikaHu u3Hoc). Hakon
mto @oHJ 3a HayKy mperiena u onoopu KeapranHu agMHHMCTPaTHMBHO-(MHAHCH]CKM M3BELITA] 3a MOCI]e]lHH
KBapTan (WK 3a JY)KU MEPHOA, YKOIMKO je 0100peHo npoaykewe [Ipojexta) n 3aBpLuHU U3BELLTA] O pe3yiTaTiMa
Ipojexra, ®ona hie HCIIATHTH 3a/ip7KaHU H3HOC 32 CBE J03BOJLEHE TPOLLIKOBE Y OBOM IEPHOAY.

III IIPABA, OBABE3E H OAI'OBOPHOCT ®OH/IA 3A HAYKY

Ynau 4.

douj 3a HayKy je y obaBe3u Ja npeay3uMa cBe akTUBHOCTH ¥ 1uiby omoryhapawa KopucHuuuma cpeacrasa
na TpojextHn THM Ha vemy ca Pykosoauouem Ilpojekta ycnewHo peaausyje HayuHouctpaxusauku [Ipojekar y
CKJIaJly ca OBUM YTOBOPOM, a HAPOUUTO TAKO LUTO:
1) cpencTBa HamereHa 3a peanusaiijy [1pojekra y nepuony tpajama lIlpojekra ynnahyje Hocuony Ilpojexra
u Yuecnuiima IIpojekta mpema ojpendaMa oBor YroBopa, a y ckiany ca JIMKBHIHMM MoryhHocTHMa
Hyyera Peny6nke CpOuje u cpejicTBHMa onpeebeHuM 3a punancupare [IPOMUC-a;

2) Ham3upe W nparH peanusauujy IlpojexTa oLebHBabEM W3BELITaja W3 OBOT YroBOpPa, HAA30PHUM MoceTama
KopucHuIlMMa cpeacTaBa 1 eBajyaiujom pesynrara [Ipojexra;

3) ommyky o cMamerby Oyliera, 00ycTaBbatby GUHAHCHPAba (AAMMUYHO WK Y Lesunn) [IpojekTa no ocHOBY
osor Yrosopa W/wiu TOKpeTamy noctyrnka nospahaja mpuMM/bEHHX Cpe/iCcTaBa MOJXKE 3aCHOBaTH Ha
Esanyauuju [Ipojekta, ka0 U yKonuko ce yTBpau Aa llpojekar HMje peanu30BaH y NOTIYHOCTH Npema
TTpojexTy u/ulK Cy Cpe/CTBa HEHAMEHCKH yTpolueHa. HapeneHe ofutyke ce NpUMERbYjy Kao Kpajiba Mepa,
Kaja ce yTBpheHe HenpaBUIHOCTH HE MOTY OTKJIOHMTH Ha JPYTH HAYHH.

Yaan 5.

O6asese miahama DoHJA 32 HayKy MO OCHOBY OBOT YTOBOpa 3aBHce O] M3HOCA W JHHAMMKE MpHjema
cpencTaBa Koja ¢y CTaBjbeHa Ha pacrnonarame QOHIY 3a HayKy y CKJajly ca yroBopoM O HauuHy Kopuiuhersa,
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Donn 3a nayky Penybunke Cpbuje — [IPOMUC
¥Yroeop o punancupamwy peanuszaumje [pojexra

AHHAMHLIA HCTIIATE U KOHTPOJIH HAMEHCKOT TPOLekba cpe/icTasa Gyuyetcke cyOBeHLuje onobpene Mony 3a HayKy
32 OJHOCHY TFOIMHY, OJHOCHO ApYTruM oAroBapajyhim uzsopom dunancupara [IPOMUC-a. V caiyuajy aa 6uio Koju
H3HOC THX CPE/ICTaBa Hije CTaB/beH Ha pacrionarame o1y 3a HayKy OnaroBpeMeHo, HJIH je yMmareH unu yckpahien
Donzy 3a HayKy Ha GHIIO KOji APy HAYMH, WIH AKO je, Kao MocieauIa KYPCHHX pa3jMKa, U3HOC PAaCMoJOKUBUX
CpenicTaBa HEOBOJbAH 3a (PHHAHCHpatbe peannsauuje [Tpojexra, Mouy Hehe CHOCHTH HUKAKBY OArOBOPHOCT npema
Hocuouy Ipojekra, Yuecnuunma ITpojekra, PykoBoauorsy [Ipojexra nnm 6uno kojoj tpehoj crpanu y Besu ca 6o

KOJUM TpOLIKOBMMa MM 00aBe3ama Mpoy3pOKOBAHHUM O] CTpaHe HaBeJeHMX Jhua M 6uno koje tpehe crpane y
BE3H Ca OBUM YTOBOPOM.

®oHp 32 HAYKY HU HA KOjH HAYMH HHUjE MPABHO MOBE3aH ca MAPTHEPOM HIIH MOy roBapaduMa Kopuchuka
cpeacrasa. KopucHuk cpesctasa je oaroBopa neksbyunso Gomzy 3a Hayky 3a peannsaunjy [Ipojexra y cKlasy ca
ycnosuma Yroopa. ¥ ciydajy Moiyroapara OrpaHHYeHOr feNa peannsaiije akKTMBHOCTH [Ipojekra, Ta Tpeha
CTpaHa HeMa W HE MOXKe Ja CTeKHE CBOjCTBO YTOBOPHE CTpaHe OBOT YroBopa, HiuTH (DOH 32 HayKy MOXe jJa uMa
CBOJCTBO  COJMAAPHOr  JyKHHKA HMIM TACHBHY JICTHTHMAauujy 10 OWI0O KOM OCHOBY, a 3a
pesy.Tate/nporycTe/Hef0cTaTke TaKBOI NOIYroBapara cBH KOPHCHULM CPEICTaBa CHOCE OATOBOPHOCT MpeMma
®oujty 3a HAYKy Kao APyroj cTpaHu oBor Yrosopa.

@oH 3a HAyKy He CHOCH 0AroBopHocT mnpema Hocuowy Ilpojexrta n/wau VYuecunuky Ilpojexra w/unu
Pykosoauouy Ilpojekta, kao Hu npema Tpehiem uiy y ciyuajy A2 y GHI0 KOM TPEHYTKY HaKOH JaTyMa cTynama Ha
cHary Yrosopa, IloceGuu padyn I1pojexta Hocnona ITpojexra i Vuechuka ITpojexta Gy e Gioknpan HiH yraien
u cMarpahe ce jia je GoH 3a HayKy ypeIHO H3BPLIHO 06aBe3y y CKIaly ca ulaHoM 3. YroBopa He3aBHCHO 0f Tora
Jla JIM je y MOMEHTY WCriare Wi HakoH Tora [loceGum pauyn I[lpojexta Gnokupas uam yramen (ako je
IIPUMEHIBHBO).

Ynas 6.
DoH1 3a HayKy 3ajpikaBa npaBo cranHor npahera, Hagsopa W esaidyauuje peanmsanuje Ilpojexra,
anrakoBara KopucHuka cpesicTasa, 4nanosa [IpojekTHor TuMa, kao i npahera HaMeHCKOr U 3aKOHUTOT TPOLLEH:a

ymiahieHux (PMHaHCHjCKUX cpejicTaBa y OuIlo Koje Bpeme Tpajamba [IpojexTa, kao u y nepuony ox | roguHe HaKOH
3aBplueTka ¢cBUX [IpojekTHUX aKTHBHOCTH.

@oHJ 3a HayKy MMa [paBo [a BpLIM KBapTajlHe, Ka0 M HEHajaB/beHE TEPEHCKE MOHMTOPHHT MOCeTe
Kopucanuuma cpencrasa, y mpoctoprjama y kojuma ce 0basibajy [1pojekTHe akTMBHOCTH, YKIbY4yjyfiu 1 npoBepy
cTama u kopuuihewma onpeme koja je y GyHKIHjH THX aKTHBHOCTH.

O usBpuieHom Henocpensom Hanzopy DoHJ 3a HayKy caunmasa CiyxOeHy OesieliKy Koja je cacTaBHH 1e0
apxuse lIpojekra u3 oznesrka VII osor Yrosopa. Y nmocrynky Haja3opa Haj HaMEHCKHM KopuiuhemeM ynnahennx
dbunancujckux cpejictana 3a peanusauujy Ilpojexra o osom Yrosopy, @onj 3a HayKy je onainhieH Ja HeMmocpeaHo
KOHTAKTHpa CBa NpaBHa U (u3HyKa IMIA KOjUMa je NpeMa PacloIoKHBOj JOKYMEHTaLUMjH 1 nojauuma KopucHuk
CpeacTaBa ymiaTHO HOBYaHa cpejcTBa koja je n1o0uo o Poxna 3a Hayky 3a dunaHcupare [Ipojexra.

IV  IIPABA H OBABE3E KOPUCHHUKA CPEJICTABA U CBUX YJIAHOBA TUMA

Yuan 7.

Hocunau Ipojexra, YuecHuuu [Npojexra u PykoBoaunai [Tpojexra ce o0aBesyjy aa peanusyjy [Ipojekat Ha
BJIACTHTY OJrOBOPHOCT, Ca MOyKHOM TIaKiboM, e(HKacHO M TpPaHCHApeHTHO, Yy CKjaIaay ca Hajoo/buM
Hay4YHOHCTPAXKHMBAYKMM, E€THYKMM, TEXHHUKHM, EKOHOMCKHM, (MHAHCHjCKHM, YNPaBbaykUM, EKOJOLIKUM H
COLMjallHUM CTaHIapauMa M [pakcama H y cKjaay ca OBUM YTOBOPOM, CarfiacHo 3aKOHY M MPOMHCHMa K3 4aaHa 1.
crtas 3. oBor Yrosopa.

Hocunau IIpojexra, Yuecuuuu [pojexta u Pykosogunar ITpojexra ce 06ase3yjy 1a cpeacTsa Koja cy y Be3H
ca peanusauujom IIpojexra Tpolle HaMEHCKH U Y cKkialy ca 3akoHoMm, Aktom o [TIPOMHUC-y, Yrosopowm, LubeBUMa
[Iporpama, I1pojexrom u byuerom [Tpojekra.
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Vropop o ¢puHancupamy peanusanuje [pojexra

Hocunan I[1pojexra u Pykosoaunan Ipojexta notsphyjy v rapanTtyjy aa 3a puHascupame kpos [IPOMUC
u oBaj [Ipojekar HUCY MpujaBHIN TPOLIKOBE KOjH ce Beh (unancupajy unu cy Beh Oum pUHAHCHPAHU Y OKBUPY
HHO uin kpo3s Heku apyru nporpam. JlonatHo, PykoBoauian IpojexTa u YiaHoBu TUMa noTBphyjy u rapantyjy aa
3a (uHAHCHpare HUCY MPHjaBUIM MPOjeKaT 3a KOju 3Hajy Ja je Tyhe MHTEeNeKTyalHO BIACHHILTBO, T€ JIa Cy Kao
pesyarar [IpojekTa niaHupaHy OPUTHHAIHN HAYYHH PE3yJITaTH.

Ynan 8.
Toxom peanuzanuje [Ipojekta, yKONUKO je HEONXOAHO, y OKBUPY YkynHor Byuera [Tpojexkta mory OuTH
npeajaarane obpasiioxkeHe u3MeHe Oyuyera:

1. npepacnonene yHyTap nojeiMHauyHe kaTeropyje Oylera, NpH 4eMy YKYy[Ha BPeJHOCT Te KaTeropuje Oyuera
Tpeba ocTaTi HEMPOMEHLEHa.

2. mnpepacnojesie u3Melly kareropuja oyuera y uztocy a0 10% BpeaHOCTH MojeqMHAYHE OJHOCHE KATEropuje.
ITpepacniozene Oyyera Mopajy OUTH y CKaly ca OorpaHuuermuMa 3a CBaKy J03BOJbEHY Kateropujy Oyuera
Koja je nedunucana Axkrom o [IPOMHUC-y.

Cpaka mpepacrnojena cpejcTaBa Mopa OUTH OmpaBaHa M 00pa3/iokeHa Kao HEONXOJHa 3a peanusalujy
[Ipojekra y ckiiaay ca oBUM YToBOpOM U TakBa Aa 6u Oe3 we peanusauuja [Ipojexra y 3HaTHOj Mepu 6una orexana
w/unu onemoryhena, mpy 4eMy ce yKyInaH yrOBOPEHH H3HOC He MOjke noBehaT, a MoKe Ce CMatbUTH.

V u3y3eTHO OMpaBJaHHM OKOJIHOCTHMA W MO NpaBujly HajBHLIE jeHOM TOKOM Tpajama [Ipojexta, Mona
MO’KE pPa3sMOTPUTH TIPEJIOT 1a ce U3BPILH Mpepacioena Gyiera koja u3HocH Buiie o1 10% BpeaHOCTH kaTteropuje
Oyuera Kojoj Taj Tpollak mpunana. YKOJIMKO MOCTOjM PU3MK fa je Oe3 Te mpepacnojene Oyyera yrpoxkeHa Jajba
peanusanuja [pojekra, PoHA 3a HAyKy MOKE PA3MOTPHTH TaKaB 3aXTEB U KOHCYJITOBATH CTPYYHO TEJO y MOrneany
OMpPAaBJAHOCTH U JO3BOJLEHOCTH TaKBe H3MEHE.

Cae npepacrnofiefie wiH u3MeHe byiera Mmopa aa o1oopn MoHA 32 HayKYy.

Hocwunarn ITpojexta, Yuecuuuu Ipojexra u PykoBoaunau [Tpojexra y oksupy ykynHor byuera [Ipojexra e mory
CaMOCTaJIHO BPIIWTH Mpepacrofiesie Cpe/icTaBa npe nperxoaHor ofodpema of crpaHe OoHAa 3a HayKy.
Yaau 9.

Hocunan Ilpojekta m Yuecuuun Ilpojekta cy obasesnu na Pykosoguouy Ilpojexta u Unanosuma
INpojexTHor THMa 06e36ee AocTynaH oArosapajyhu npocrop u onpemy notpebHy 3a peanusauujy IIpojexra, cse y
ckiany ca Usjasama HHUO koje cy mpuioxkene y npeanory [Ipojekra u koje mpezcTaBjbajy CacTaBHU €0 OBOT
Yrosopa kao [Tpunor 1.

Hocunan Tlpojekra u Yuecuuun Ilpojekta cy obaBesHH 1a 3acHyjy paiaHu ofHOC ca Pykosomuolem
[IpojexTa u UnaHoBuma [TpojeKTHOr THMA, YKOJINKO pafHu ofHOC Beh HUje 3aCHOBaH.

Hocunan ITpojexra n Yuecuuuu [Ipojekra rapantyjy aa Pykosoaunau ITpojekta u Unanosu IlpojextHor
THMa, Koju ¢y HasefieHH y [Ipunory 4, ucnymwasajy cBe ycioe nponucane Akrom o [IPOMHC-y, cBako 3a cBor
3anocjeHor ynasa [IpojektHor Tuma.

Ynau 10.

Hocunau Ilpojexra 1 Yuecuuk [Ipojekta hie, 6e3 oanarara, MUcaHUM MyTeM HEOI0XKHO 06aBecTHTH DOHL
3a HayKy o cBakoj 61okanu IToceOHor padyHa [Tpojexkra KoprcHuka cpeacTasa ayKeM o /Ba (2) pajHa 1aHa Ui o
MOKpETary MOCTYIKa OTBapaba cTevaja uin Auksraaluje Han KopucHukoM cpeacrasa.

Hocunau ITpojexta u Yuecnuk [Ipojekra obasectuhie nucaHnM myTeM HEOAIOKHO POH/ 38 HAYKY O CBAKO]
CTAaTYCHOj NIPOMEHH, IPOMEHH MpaBHe GopMe, Kao ¥ ryOUTKY aKkpeauTalluje, 0AMax Mo HACTAHKY TaKBe MPOMEHE.

Ha 3axtes ®oHza 3a Hayky, Hocunan [Tpojexra n Yuechuk [Ipojexta omoryhuhie npencrasruiuma Qonna
3a HayKy u/unu ofpeheHom osnauihierom nuiy QoHza 3a HayKy Jia NoceTH GUIIO KOjH €0 IPOCTOPHja y Kojuma ce
Bpuie [IpojexTHe aKTHBHOCTH, K0 M MPHUCTYT ONPEMH KOja je Y DYHKIHMjH THX AKTUBHOCTH.

3a Bpeme Tpajarma (GuHAHCHparba WK Tpe moveTka (uHancupamwa [Ipojexra, PoHA MOKe 3aXTeBaTH O]l

Hocuoua I[Tpojexra u Yuecuuka ITpojekTa Aa JOCTaBH JOKYMEHTaLHK]y 1 HH(OpPMaLje Koje ¢e O/IHOCE Ha TPOLIKOBE
3a craBke/kateropuje Omobpenor Gyuyera [Tpojexra 1in ofobpene akTeHOCTH [pojexTa 3a Koje MocToji CyMiba 1a

ee-Beh-dunancupajy uim cy seh 6unu Qunancupanu y oksupy HUO nim Kpos Heku Apyrd Hporpam. Hocunan
“J PEM} SN

| g =

e 4 "

)

Beorpag h
i W/




Donn 3a Hayky Peny6nuxe Cpbuje — [TPOMUC
Vroeop o duHancupamy peamusanuje [pojexra

[1pojexra u Yuechuk ITpojexra ce 06aBesyjy 1a NOCTyMe MO OBAKBOM 3axTeBy POH/Ia 32 HAYKY U JOCTaBE 3aXTeBaHy
JOKYMEHTalujy U uHdopmanuje.

Hocunau Ilpojekta n Yuecnuun Ilpojexra ce o6Gasesyjy na he ypeaHo u Gnarospemeno wucriahupaty
cpeacrsa/HakHane/3apaze — Pykosoauouy Ipojekra, uianosrma [pojexTHor TuMa 1 Tpehnm nuimma Y CKauy ca

AHHAMHKOM peasnsauuje akTuBHocTh Ha [Tpojexty, Pacnopenom nnaharma, Byuerom ITpojexra, oBuM YToBOpOM u
3aKOHOM.

V  IIPABA M OBABE3E PYKOBO/JUOIIA ITPOJEKTA

Yaan 11.
Pykosoaunai Ilpojekta ¥ma cBOjcTBO KoopauHaTopa IIpojeKTHMX aKTMBHOCTH M KOHTAaKT 0cobe y
KOMyHHKalHj1 ca DOHIOM 3a HayKy MOBOJIOM peasiu3alyje OBOr YroBopa u osnaiiheH je aa npejcrasspa IIpojexar
Y JABHOCTH, HA CTPYUHUM U HAYYHUM CKYNOBHUMA U Y MEAHjUMA, Y 3eMJbH U HHOCTPAHCTBRY.

Ynan 12.

Pyxosoaunau Ilpojekra je y obaBe3u na ynpassba IIpojekToM caBecHO, OJrOBOPHO M Yy CarflacHOCTH ca
npornucuMa Kojuma ce ypelyjy Hayka M MCTpaxuBaibe, 3allTUTA >KHBOTHE CPEAMHE, 3aIUTHTa HHTENEKTyalHe
CBOjHHE, 3alITHTA MOJaTaka O JHYHOCTH, CIpedaBame Cykoba HHTepeca W ApYrHM MpOMHCHMa Oj 3Haudaja 3a
3aKOHUTO crpoBolere [IpojeKTHHX aKTHBHOCTH.

Pyxosonunay Ilpojexta nianupa ¥ OpraHmsyje paj, ycMepaBa HCTpPaKHBama M Tpeay3uMa Mepe 3a
peaiu3alujy MJIaHUPaHUX pe3ysiTaTa UCTPaXKHUBamka U yrpaBba [[pojeKTHUM aKTHBHOCTHMA U [IPOjEKTHUM TUMOM,
HAPOYMTO TAKO LITO:

1) crapa ce o usBpiiaBawy akTHBHOCTH [Ipojekra y yrBpheHHM pokoBuma, obezbeljuBamy HCTpakHBamba Ha
ITpojexty y cknamy ca YroBOpOM M CBUM HErOBHM MPUIIO3MMA, HAMEHCKOM TPOLICHY NPHMJBEHHUX
cpencrasa Ilpojekra, ka0 M O TaYHOCTH CBMX MOjAaTaka W MOTHYHOCTH JOKYMEHTAllMje KOjy MpUiiake y
cBojcTBy Pykosoauoua IIpojexTa, kao u mokyMeHTaluje KOjy NMpHJIaxy PyKOBOAHOLM OpraHusaluja Kao
Kopuchuka cpeacraga;

2) mnpatu peanuzanujy npaea u o0aBesa pey3eTux oBUM YroBopom y oaHocy Ha Hocuoua Ipojexta, YuecHuka
[Ipojekra u unanose [IpojekTHor TMMA, U UcaHuM myTeM: yka3syje Hocuony Ilpojekra, Yuecuuky Ilpojekra
¥ 4inaHoBuMa [IpojekTHOr TMMA HAa HAYMH OTKJIamarha yOUeHUX MporycTa W/Wid HeaocTaTaka, v Takohe
oaroeopa Ha 3axteBe Hocuoua Ipojexta, YuechHuka [Ipojexta u unaHosa ITpojeKkTHOr TUMA;

3) vy capaamu ca KopucHuuuma cpeicrapa caumbaBa M MOTOHCY]e 3ajeHHYKO obaBellTene Koje oaMax, a
HajKacHHje Y poKy oj 7 JaHa oJ1 JaHa ca3Harba 3a OKOJIHOCTH KOje Cy OJ YTHLaja Ha peanusauujy obasesa
npey3eTHx oBMM VYrosopom!, noctaBiba DoHIY 3a HayKy M INpejyiake HauyMH OTKIamama YOUSHHX
npo0ema/3acToja.

4) penoBHO NMPHUKYIUbA Noaatke of YuecHuka [Tpojexta u unanosa [IpojeKTHOr TUMa U cacTaB/ba U3BELITAjE O
peasu3aliju MpojeKTa npema OUHaMULM YTBp)eHo] oBHM YToBOpoM, koMyHHLMPa ca DOHIOM 3a HayKy H
0JIrOBapa Ha CBe YIUTE KOjH Cy J1e0 CripoBofjerma Han3opa Haj peanusanujoM [Ipojexra.

T Kao mwro cy mpoMeHe koje cy on yThnaja Ha (umancupamwe cpeiacteima PoHJa 3a HayKy N0 OCHOBY OBOr YTOBOpa: WCILiaTe
Hay4HOHCTPAXHBAUKOT paza YwiaHoBa [IpojeKTHOT THMA; MPeCTAHAK PAIHOT AHMAMKOBaH:A UM IIPOMEHA Y OCHOBY/00MMY PaHOT aHT AK0Batba
HCTpaKMBAYA KO OHIIO KOT PealiM3aTopa HCTPAkHBALA; OKOJIHOCTH Y 0JIHOCY Ha W300p/pen3bop y 3Bambe WK 0/ly3HMALe 3Batba. OJICYCTBO
HCTpa/kHBava aHrazoBaHor y ITpojekTHOM THMY 1o GHJIO KOM OCHOBY KOJE je JIyJKE OJT TPH MeCeld Y je/IH0j roMHu: He/iiahieHo 0cycTBo
MCTpakMBaua ca paja [0 OCHOBY MNPOMHCa O pamy, AYy’KE Ol METHAGCT PalHMX fdaHa y jelHOj FOAMHM. Koje Huje y (QyHKIH]H
HAyYHOUCTPAKUBAYKOT paaa Ha [TpojexTy: NpHBpEMeHa CIPEYeHOCT 3a pal HCTPaKHBaya 10 NPONKCHMA O 31PABCTBEHOM OCHTYpalby IyiKe
on 30 maHa; OACYCTBO HCTpaXMBAaua ca paja 360r ynyhusama Ha BojHY BexkOy wim 3001 cliyKemba BOJHOT POKA; OICYCTBO HCTPaKMBAYa ca
paia 1o NpOMKUCHMAa O 3aLITHTH MATCPHHCTBA, MOPO/IM/BCKOT O/ICYCTBA, OJICYCTBA Ca Paja PajH HETe AETeTd HIH nocebHe Here JeTeTa WiH
npyre ocole: mpomena craryca Kopucruka cpencrapa (Hnp. npecranak akpeautauuje HHO; 6pucamse us Perucrpa HayqHORCTPaKHBAUKUX
opranu3auuja i Peruerpa HHOBAIMOHE JEIATHOCTH) KOJ1 KOTa jé HCTPaXkHBaY 3armocieH.

Beorpag
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Donn 3a nayky Pemy6anke Cp6uje — [TIPOMUC
Yrosop o unancupamwy peanusauuje [pojexra

Ynan 13.

Pykosoaunar ITpojexra ce oGaBesyje aa cBe unanose [Ipojexrror Tuma, Hocnoua Ilpojexra u, kaja je To
NPUMEHJBUBO, YuecHuke [Ipojexra GraroBpeMeHo W NoTHyHO obaBeruTasa o TOKY peajisauuje oBor Yrosopa, o
obaBe3ama 1 OArOBOPHOCTHMA Y TOKY H-er0Be peaiusaliije, Kao i roc/ieniama HEMOCTYMNamka y CKIaay ¢a HCTUMA.

H3y3e'mo, YKOMHUKO je noTpeGHO fia ce TokoM peanusauuje [Tpojexta 3amenu Ynan IIpojexTHOr TUMa UM
Yuecnuk [1pojekra apyrum yuecHuxom, Pykosoausai ITpojekta o Tome Mopa J1a 106uje nucany carnacuoct MoHna
3a Hayky. Hosu Unan [TpojexrHor Tuma n/unu Yuecuux I[pojexra MOpa UCMyhaBaTH CBE yCIIOBE KOjH Cy Mponucane
Axtom 0 [IPOMUC-y, npu yemy 1eroBo HCKYCTBO KBa1n(ukauuje Mopajy oaroeapatu norpeGama Ilpojexra u,

MO MpaBHily, MOpajy OMTH jenHaKH Wik 60JbM Ofl KBANTH(DUKALH]A U uckycrtsa Ynana [lpojektHor tuma/VuecHuka
IlpojexTa Kojer 3amemyje.

VI HABABKA JIOBAPA U YCJIVT A

Yanan 14,

HabaBke no6apa u yciyra koju cy y Besu ca peanusauujom Ilpojexta unje je dunancupamwe 0100peHO
obaBsbajy ce y cknany ca BaehnM nmpormucuMa Kojuma cy peryJiucane jaBHe HaGaBKe, a Tako 1a ce 06e36enu 1a ce
cpeacrsa IIpojexta KOPHCTE HCK/BYHYHBO 3a 100pa M yciyre KOjU Cy HEONMXOAHH M OJ0OPEeHH 3a peanusaiujy
IlpojekrTa.

M360p BpcTe noctynka U obasese cnposoljersa noctynka jasHe HaGaBke WM HaGaBke Ha KOjy ce 3aKOH O
JaBHUM HabaBkama He mpumemyje (y Ja/beM TekcTy: HabaBke), ompehyje ce y ckimamy ca oapendama Tor 3akoHa, a
umajyhn y Bualy BpCTy W IMHAMUKY peanusauuje aktusHoctn I1pojexta, Byuer ITpojexta u Pacnopes nnahama. 3a
npuMeHy 3akoHa o jaBHuM HabaBkama oarosopua je HUO, 6uio na je Hocunan [lpojexta nin Yuecuuk ITpojexta
KOja CTPOBOJIU MOCTYNaKk HabaBKe.

Yaan 15.

Ceaku Kopuchuk cpeicraBa koju cnpoBoau HabaBky fnoGapa u yciyra Koje Ccy y Besd ca peanu3allfjoM
[Ipojexra nysan je 1a npunpeMu, apXuBUpa 1 4yBa LeJOKYTHy AOKYMEHTALU]Y y BE3U ca THM HabaBKama, y CKJIay
ca 3aKOHOM KOJHM Cy peryJiMcane jaBHe HabaBke, koja fie ce cmaTpaty cactaBHum aenom apxuse [Ipojexra y cknany
ca ozespkoM VII oor Yroeopa.

®onj 3a Hayky on Kopuchuka cpeicraBa um Pykosogumoua IIpojekta Moke 3aTpakMTH JOCTABIbAbE
LIeJIOKYITHe JOKyMeHTaluje HabaBku, 3a norpebe ouene KpapraaHor agiMUHUCTPATHBHO-(OHHAHCHjCKOT M3BEILITAja,
lomnutser ussernraja o Hanperky IIpojexra uiu 3aBpiuHor u3Bsewtaja o pesyiratuma [IpojekTa, Kao U y OKBHPY
cripoBoljersa Haa3opa Hajl peanu3satiujom [pojekra.

Kopuchuk cpeicrasa u Pykosojunan Ilpojekra cy y obasesn ja, Ha 3axTeB MOH/A 3a HAyKy, JOCTaBe
LIEJIOKYTHY IOKyMEHTalujy HabaBKH Koje Cy y Be3u ca peanusanujom [Ipojekra, Kao U CBe JoAaTHE HHpOPMALIK]e,
JOKYMEHTa U 00jallibhetha Y Be3u ca TIaHupaHUM U pealn3oBaniM HabaBkama Ha [Tpojexry.

Yiaan 16.

BnacHuk nobapa koja cy nabaBmena u3 byuera Ipojexra je Hocunan Ilpojexta, oaHOCHO YdecHuk
ITpojekTa KOjH je CIIpoBeo MocTynak HabaBKe, OCHM YKOJIMKO j€ Jpyradije yroBopeHo Y CKIaly ¢a 3aKOHOM.

Yaan 17.

Vkomuko POH 3a HayKy Yy IIOCTYIKY OLehHBarba yTBPAM Aa cy A00po MM yciyra HabaB/beHH Y3 Kpllekhe
ozpendu 3akoHa o jaBHHM HabaBKkama, Ta cpeacTsa he @oH/ 3a HAYKY TPETHPATH Kao HEI03BOLEHH TPOIIaK H Hehe
ux npusHaty. MOHJ 3a HAyKy MOXe y 3aBUCHOCTH O] TeKHHE MoBpeae Baxkeher 3aKoHa O jaBHUM HabaBKama WM
YMambUTH U3HOC CPEJICTaBa 34 HEJ03BOJLEHH TPOLIAK U TAKO YMareHW U3HOC YIJIATUTH 3a HApeOHM KBapTaj, WIH
o0ycTaBHTH (pHAHCHpakhe peanusaluje [1pojexTa u packuHyTH 0Baj YToBop y ckiamy ca onesbkom X u XXIV oBor
Yrosopa.

Cae HenmpaBUIIHOCTH y cripoBoljetby HabaBKH y ckiamy ca oBUM YroBopoM, Byyetom I[Tpojexta, mponnucuma
0 jaBHUM Ha0aBKaMa M 3aKOHOM Mory ce cmatpard [ToBpenom, ycnen koje @oHA 3a HayKy MoKe 00ycCTaBUTH
(unancupame peanusauuje [Tpojexta u packiHyTH 0Baj YroBop y cknany ca ogesbkom X 1 XXIV osor Yrosopa.
e _\
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Donz 3a nayky Peny6auke Cpéuje — [IPOMHC
¥Y1oBop 0 (uHaHCHpawy peanusanmyje [Ipojekra

VII APXHUBA IIPOJEKTA, DUHAHCHJICKA U APYT'A TOKYMEHTAILIUJA

Yuan 18.

Hocunau [pojexra n Yuecunuu ITpojexra he opopmuti apxuBy IIpojexta, y OKBUpY koje he BomuTH
TIPCLM3HE U PENOBHE eBU/ICHIIM]E y Be3u ca peanusaunjom [Ipojekra, Kkopucrehu onrosapajyhe cucreme y cknany ca
PadyHOBOJICTBEHHM NPONUCUMA, GUHAHCHJCKHM MPONUCHMA U TPONHCHMA O jaBHUM HabaBKkama.

Hocunarn Ilpojexra u Yuecuuuu IIpojekra he ocurypatu na ceaku (uHancujckn u3BewTaj (kBapTaaHH,
FOJMIIIbH, 3aBPUIHK) Oy/le NPUMEPEHO M jeHOCTABHO ycknaheH M ca pauyHOBOICTBEHHM H KHbMIOBOJCTBEHHM
CHCTEMOM KOPHCHHMKA M OCHOBHHM Da4yyHOBOJCTBEHHM W APYTHUM peJieBaHTHHM eBUJeHUMjaMa. Y Ty CBpXYy,
Hocunan Ilpojekta u Yuecuuuu Ipojekra he NpUNpPEMHUTH W OApxkaBaTh oArosapajyha ycarnaumasama, nparehe
TTaHOBE, aHAJIU3€ M MPerjeie o CTaBKaMa 3a HaJ30p U MpoBepy.

Hocunau Ilpojexta u Vaecuuun Ipojexra umajy 00aBe3y uyBaba CBHX €BHICHIIH], PayyHOBOJACTBEHE H
nparehie 1oKyMeHTallHje y Be3H ca 0BUM YTOBOPOM, y CKJIaly €a CBOJUM aKTHMa KOjUMa je PeryJIHCaHo apXHBCKO
N0C/I0Bak:e H JINCTE KaTeropHja PerucTpaTypekor MaTepujana ca poKOBUMaA 4yBarba, a Hajkpahe S (ner) roauna
HAKOH NMOC/ICAKEr N3BPLICHOT M1aharba UK CBE 10K TPaje MOCTYNaK KOHTPOJIE, OAHOCHO Hazi30pa oj1 ctpane ®oHga
38 HAYKY M/ MOCTYIIH KOJH C€ BOAE NPe/l HANEKHUM OpraHiMa (CyI0BH, KOMHMCH]e, peBU3Hje 1 Jp).

Hocuuan Ipojexta u/umn Vuecuuk [pojexra koju je CITPOBEO MOCTYNaK jaBHe HabaBKe W/uiH HabaBke UMa
o0aBe3y 4yBama JOKYMEHTaLuje y ckiany ca BaxkeRHM 3aKOHOM 0 jaBHUM HabaBKkaMma.

Ynan 19,

Hocnuan ITpojexta u Yuecnuuu Ipojekra cy ayxHu na Boge Ta4yHy H PeOBHY QHHAHCH]CKY €BUACHLH]Y y
Be3u ca ummiemenTaljom Ipojexra, kopucrehu oarosapajyhie pauyHOBOACTBEHE H KEMIOBOICTBEHE NOAMTHKE
Koje ce npumernyjy y PenyGnuuu Cpbuju.

CBe eBuzeHUMj€, pauyHOBOJCTBEHA U npateha JOKYMEHTAIH]a O paamama y ckiagy ca OBUM YTOBOPOM
Mopajy OMTH Jlako IOCTYNHH, MOJOGHM Aa Gyly MASHTH(DHKOBAHH Y OKBHMPY IOC/IOBHHX M (MHAHCHjCKUX
eBU/ICHLM]a N apXMBUPaHH Ha Ha4YMH KOju omoryhasa jeasocrasan npernen, a Hocunay Ilpojexra u Kopucuuk
cpeacrasa Cy AyxHH fa POHA 3a HayKy obaBecTe O BUXOBO] TA4HO] JoKauuju. OBw JOKYMEHTH Mopajy Gutu
MOMYHEHH HA HAYHH KOJM OJIAKLIaBa HHXOBO MPEIJIEName Y OPUTHHATHOM OBIHKY (yxmydyjyhu enekrpoHcky
dopmy), unn y obamky konuja.

Hocunau Ipojekra je obaBe3san 1a 3a Bpeme tpajarba [Ipojexta apsku (unancujcky eBuneHunjy o Ipojexty
01BOjEHO 01 ApYruX noctojehux u/nnu Gyayhux npojexara.

Tokom tpajarba oBor YroBopa, DOH/ 3a HayKy MOXKe HCTMTATH, HJTH TPAKHTH Ja ce UCTIUTAjy, (PHHAHCH]CKE
W paiyHOBOACTBEHE EBUICHIM]e HiH OuIo Koja apyra nokymenta Hocuona [pojexra u/uiu Yuecuuka ITpojekra
KOja ce OAHOCE Ha 0Baj YTOBOp y PasyMHO BPeMe My MHTEPBAINMA H TIO ONPABIAHOM 3axTeBy, a WTo cy Hocunar
[Ipojexta u Yuechuk I1pojexta y ob6aBesu aa omoryhe.

Yaan 20.

Kopucunum cpencrasa cy myxuu na 06aBe3Ho 4yBajy cienehy 10Ky MeHTAlHjy KOjy YHHE:

npujasa npeasiora Ipojexra u npareha gokymeHnTaiuja;

2. 3BaHMYHA KOMYHMKallkja v IOKYMEHTaLNja Koja je pasmerbena uamely ctpana oBor YroBopa TOkom nepuona
IpHjaBJ/bHBakbA;

3. 3BaHMYHAa KOMyHHKalMja M JOKyMeHTalhja koja je pasmerseHa usmely crpasa osor YroBopa TOKOM
umnieMenTtauuje [Ipojekra;

CBU M3BEIITAjH Koje DOH/ 32 HAYKY 3aXTeBa U KOjU Cy moaHeTH MOoHAY 3a HayKy;

5. cBe Qaktype, notepae u npareha QuUHAaHCHjcKa AOKYMEHTallMja y BE3H ca J0KA3MMa O KYNOBHHH W
ncriarama ca [ocedHor pauyna Ipojexra (ykmwyuyjyhu anu He orpaHnyasajyhu ce Ha J0kase o npyKeHnM
ycnyrama, Kao LiTo ¢y 0A00peHH U3BEILTAjH, H3BEIITAjH O CATHULAMA, CEPTH(HKATH UTIL.; 10KA3€e O NpHjeMy
pobe, Kao WTO Cy A0CTaBHULE 01 A00aB/baya; 3aMHCHULM; A0Ka3e O nahamuMa, Kao WTO Cy W3BOIAM H3
Oanke);

Beorpapa
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Donp 3a Hayky PenyGiuxe Cp6uje — [TPOMUC
Yrosop o punancupary peanusauuje [Tpojexra

6. IoKymeHTallHja 0 HaGaBKkama y cKimady ca wiaHom 15. oBor Yrosopa;
YroBOpH ca TpehnM 1urMa U HapyuGeHule, Kao JoKa3 nocrojehux obasesa;

PadyHOBOZCTBEHE eBUACHIIU]E, KOMITjyTePH30BAHE MM py4He (KAo LITO CY rJaBHa KIbHra, NOMONHE KHLHTe,

pauyHu y BesM ca oOpauyHOM 3apaja, ©BHJACHUMje OCHOBHMX CpeACTaBa M Jpyre pelieBaHTHE
pavyHOBOZACTBEHE HH(pOpMaLHje);

9. esunenunje o Pykosoauouty ITpojexrta u unaHoBHMA [IpojextHor Tuma 1 eBuaeHUH]je 0 niahambHMa, K0 LITO

Cy YTOBOPH O pajly/yroBOpH O aHraxoBay, UCIIATHE JICTE U APYTa peJieBaHTHA JOKYMEHTa Be3aHa 3a Ta
JHILA.

Henocryname Hocnoua IMpojexta, Yuechuxa [Tpojekra u PykoBomuoua ITpojexra y cknamy ca onpendama
oBor unaHa cmarpahe ce [lospenom, ycaen koje Donj 3a Hayky Moxe 00yCTaBuTH (pHHAHCHpame peannsanuje
IIpojexta n packunyTn oBaj Yrosop y ckiany ca ogesbunma X u XXIV oBor Yroeopa.

VIII TEXHUYKE U ®PUHAHCUJICKE IIPOBEPE

Ynau 21.

Hocunan Ilpojexra n Yuecunuu Ipojekra cy oGasesnu aa omoryhe ®onay 3a HayKy, HHTEPHO] KOHTPOJIH
KOJy Hallo)XH MMHHCTapCTBO HAUIEKHO 32 HAYYHOMCTPAXKMBAUKY M HHOBAIMOHY JEeNaTHOCT, WHCIEKTOpHMa
Oyuercke HHCIEKIHje MAHUCTAPCTBA HALIEKHOT 3 0CIOBE (DHHAHCH]A U CBHM PEeBH30pHMA Koju 00aBJbajy MpoB
epe/ HaZi30p y CKIIa/ly ca 3aKOHOM, J1a Ha JIHIly MecTa 06aBe HaJ30p H nposepe peanusauujy [Ipojexra u no norpedu
CrpoBeJly peBu3ijy (pMHAHCHjCKMX M3BELITAja y CKJIay Ca 3aKOHOM, OJHOCHO peBH3Hjy npatehe JIOKYMEHTaluje 3a
PauyHOBOJCTBEHE EBH/CHIIM]€, PadyHOBOICTBEHE NOKYMEHTALMje U CBMX OCTalMX JOKYMEHATa PeleBaHTHUX 3a
(unancupaie I1pojexra (yksby4dyjyhu aokase o noctynuuma jaBHuX HabaBKH, oGaBe3ama, HCIIOPYYEHUM yCayrama,
npujemy pobe, KyNOBUHH, yTIaTama, eBHACHIM]H O 3aNI0C/eHUMa H HHXOBHM I/1aTama).

Y oauocy Ha oGase3sy u3 ctaBa 1. oBor wiana, Hocusau Tlpojekra u Vuecuuim ITpojexra he omoryhntu
MPUCTYN 0cOObY MM MpeAcTaBHHUMMA DOHJA 3a HAYKY, MHTEPHOj KOHTPOMM MHHHCTAPCTBA HAJIEKHOr 3a
Hay4HOMCTPaXXHBAUKY J€JIaTHOCT, OYIETCKO] MHCMIEKLIMjH MUHICTAPCTBA HAUIEKHOT 3a MocI0Be GUHAHCH]a, Kao 1
cBuM OBalNeHnM PeBU30OPMMa KOjU BpLIe PeBH3Hjy QUHAHCH]CKUX W3BELUTAja Y CKIALy ca 3aKOHOM, objexTuMa u
JokalMjaMa Ha Kojuma ce peanusyje Ipojekat, ykibydyjyhu mpucTyn meroBuM HHGOPMATHYKAM CHCTEMMMA, Kao M
CBMM JOKYMEHTHMA U Oa3zama rmojiataka Be3aHUM 3a TeXHHUKO 1 (DMHAHCH]CKO ynpassbame [IpojekTom, 1 pey3eTH
CBE Mepe Jla oJlaKiia BUX0B pajl.

Osaj npuctyn he ce npuMemHBaTH y MOBEP/bUBOCTH Y OJHOCY Ha Tpehe CTpaHe, y CKJiafy ca MPOIMHCHMA O
3aLUTUTH [OCJIOBHE TajHe.

IX EBAJIYAIIMJA ITPOJEKTA TOKOM PEAJIM3AIIUJE

Yaan 22.

Octapenu pesynratu Ilpojexrta epanyupajy ce TokoM peanusauuje [Ipojexra. Mona 3a HayKy peoBHO
HaJ3upe U npartu peanusauujy [Ipojexra oueruBambeM MOAHETUX H3BEIUTAja, HEMOCPeAHUM NpafiereM nojeanHux
[TpojexTHUX aKTUBHOCTH U HAJ30PHUM ITOCETaMa 0 MOTPEOH.

Y uumy eanyauuje, PykoBomunau IIpojexta mnpujasibyje pesynatare [IpojekTa 10CTaBIbarbeM
ozarosapajyher usselnTaja. @oHJ 3a HayKy MOXKe aHI'&KOBaTH 0ap jeJHOr He3aBHCHOI MEhyHapOJHOr peleH3eHTa
Koju hie y4ecTBoBaTH y 00aBibaky FOAMLILE, BaHPEHE eBajlyaluje 1 eBalyalnje Ha Kpajy peanusanuje [TpojexTa.

EBanyanuja IlpojekTa ykibyuyje nopeheme NpeUIOKeHUX U pPealu30BaHHX LHJ/BEBA HMCTPAXKHBAIbLA,
OCTBapeHE Hay4He pesyJTare, OLEHY peajM3allije CpeicTaBa, OLeHY CHCTeMa ynpapibaiba [IpojekToM, MpoleHy
yckiah)eHoCTH JMHaMuKe peanu3annje akTHBHOCTH U MOTPOLLIbE CPeICTaBa, OLIEHy OCTBApEeHHX pe3yaTara [Ipojekra
y OJHOCY Ha NpejoxeHe akTHBHOCTH [Ipojekra u qpyre pesieBaHTHE MOKa3aTesbe.

Yoaam 23.




o 3a nayky PenyGauxe Cpuje — [IPOMUC
Yrosop o dunancupary peanusauuie [Ipojexra

Ykomnuko 1ocTynHa gokymenTauuja ITpojekra u HH(pOpMaLKje TPHKA3aHE Y J0CTAB/bEHUM U3BELITajUMa
HUCY NOBOJbHH, NIOTIMYHH UIIM afieKBaTHH Aa OM ce u3BpLIMia oaroBapajyha esanyaunja [lpojexra, ®oHx 3a Hayky
uMa nipaBo na ox Hocuona [lpojexra, Yuecuuka IMpojekra unn Pykosoauoua Ilpojexra 3atpaxku 10ocTaBbambe
AONATHHX Tlo/laTaka M JOKyMeHaTa MOTpeOHMX 3a CrlpoBoberse epaiyaimje [Ipojexra, ykmyuyjyhu anu ne
orpanuyaeajyhu ce Ha JOKyMEHTalMjy IPHKYIUBEHY 01 cTpane Kopuchuka cpencraea y Besu ca ITpojektom, 6ase
nojiataka, copTBepe, anropuT™e 3a 00pajLy M CBE Apyre BPCTE NoJiaTaKa 1 MHTEJIEKTY aJIHHX TBOPEBHHA POUCTEKITMX
u3 [1pojexra unu 3acHoBane na [1pojexty u merosum pesyaTaTuma.

Hocunau Ipojekra, Vuecnuk Ipojekta u Pykosoaunar [Ipojekra cy nyxnu aa nocryne no 3axreBy u3
TPETXO/IHOT CTaBa OBOT 4WiaHa U QOHIY 3a HayKy NOCTaBe 3aXTeBaHy AOKYMEHTalHjy, MojaTke U MHTE/IEKTyanHe
TBOpEBHHE NpoucTeke u3 Ipojexra umn sacHoBaHe Ha [IPOjeKTy M HErOBHM pesy/ITaTHMHA.

Hocunau Ipojexra, Yuecuux Ipojexra, Pykosoauiai Ilpojekra u Ynanosu [IpojekTHOr THMa Cy carnacHu
Aa ce y OLHOCY Ha JOKYMEHTaLH]y, HHpOpPMaLHje i HHTEJIeKTyalHe TROPEBUHE 4uje nocTaBbame 3axTesa MoH] 3a
HayKY, a KOju Cy NoTpeGHH 3a BpLuete eBatyauuje [Ipojexta, npema DoHJly 3a HayKy He MOTY MO3UBATH Ha 3aLUTHTY
TMOCJIOBHE TajHE WJIH TIOBEP/bHBOCT MOJIATaKa YCIe Tpajarma npoueca 00jaB/biBamka paja, NaTeHTa, crpoBoherma
KOMepLHjau3anuje uiu u3 6uiIo Kor Apyror pasora.

Ca npyre ctpane, ®@on 3a HayKy ce oGaBe3yje a CBe noaatke, JIOKYMEHTALIM]y U MHTE/IEKTyasHe TBOPEBUHE
A0CTaB/bCHE y CKIIAly Ca OBHM YJIaHOM TPETHPA Ka0 NOBEPILUBE U HyBA Y CKJIAY ca NPONHCHMA O 3aIUTHTH NOCIOBHE
TajHe.

Dorj 3a HayKy 3aipiaBa NMpaBo Ja M3BpLUM eBatyauujy [Ipojexta y cBakoM MOMEHTY TOKOM Tpajara
[IpojexTa  jenHy rogHHY HAKOH HErOBOI OKOHYAbA.

X H3BEIITABAIE

UYnau 24.

Pykooaunan Ilpojekra ce obasesyje na ®onay 3a Hayky JOCTaB/ba TauHe, GaroBpeMeHe U HNOTIOyHE
u3BellTaje, 3aje/Ho ca npatehom fokyMeHTauujoM, y ckiaty ca Aktom o [IPOMMC-y 1 0BUM YTOBOPOM, Kao H CBe
Apyre uHbOpMaLuje U MoaTKe y Be3H ca peannsauujom [Ipojexta Ha 3axTes DoHIA 3a HAYKY.

Pyxosoaunan Ilpojexra, Hocunan [pojexta u Yuecuuuu Ipojekrta he omoryhutn ®ounay 3a mayky na
M3BpLIK YBHIY Y MMIUIEeMEHTaUHujy [IpojexTa, Hheroe akTHBHOCTH M CBE PENeBaHTHE 3aluce M JOKYMEeHTa U 1a
npunpemu 1 GOHAY 32 HayKy 10CTaBH CBe HH(OPMaLlHje, Y POKY U Ha HauuH ofpeleH 3axTeBom/Hanorom dowza
33 HayKy.

Pyxosoauinan [Tpojexra je obaBesan na ®@oHay 3a Hayky JOCTABH MOTMUCAHMU:

1. KBapranHu aiMUHNCTPaTHBHO-(MHAHCH]CKH H3BELUTA] Y POKY oA 15 (meTHaecT) ofi aHa McTeka KBapraia
3a KOjU Ce MOJHOCH HU3BELTa];

2. Tonmumu u3eellnrtaj o Hampetky [Ipojexra y poky ox 30 (tpupeceT) maHa oj AaHa uMcteka 12 meceun
peanuzauuje [pojexra;

3. 3aBpluHu u3BelTaj 0 pesyararuMa [Ipojekta y poky oa 45 (ueTpaeceT neT) JaHa oj JaHa OKOHYaa CBHX

MPOjJeKTHUX aKTUBHOCTH.

Hocunau Ilpojekta W VYyecuuuu Ilpojekta cy y obaBe3n aa 61aroBpeMeHO, y ckjiaay ca HHTEPHO
JOroBOpPEHHM pOKOBKMMa, 1octaBe Pykosoauowy [pojekra cBe uH(opMalije 1 nparehe JOKyMEHTE HEONXO/IHE 3a
cacTaB/batbe M3BEILTaja.

Ms3gelnraje u3 ctaBa 3. oBor unaHa Pykosoaunar ITpojekra cauntsasa y capaamwu ca Hocuouem Ipojekra,
Vuecuuuuma [Ipojexra u UnaHoBUMa MpOjeKTHOT THMA.

Ynau 25.

Ksapranuu aqMHHHCTPaTHBHO-(DUHAHCH]CKU M3BELITA] CE J0CTaBJba ca CBOM mpaTehoM JI0KyMEeHTalujom
KOjOM C€ MpaB/iajy TPOLIKOBH H J0Ka3yjy peaqn30BaHe aKTHBHOCTH Y TOM II€PUOAY.
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Doup 3a nayky PenyGimke Cpouje — [IPOMHC
Yrosop o unancuparmy peanusauuje [pojexra

Hcnnara cpencraBa y napesHom nepuoxy Guhe 0f00peHa M M3BpIIEHA MOA YCJIOBOM Ja KBapTamiHH
a,H:MMHHCTpaTHBHO-dJHHaHCH_]CKH usBewTaju (ykawydyjyhu u uenokynuy nparehy JOKyMeHTalujy) 6yay onoGpenn
(Tj. NO3UTHBHO OLEWHEHN) U Ja UCXO, Hanzopre nocere 6yae nosutusan (YKOIHKO nocera Oyne obap/beHa).

PyxoBoannan [lpojekra je y obasesu na axypupa Ksapranuu aJMHHUCTPATHBHO-(PUHAHCU]CKU U3BELLITA] 1
NOHOBO ra noctasu Poniy 3a HayKy, y CKiaay ca IHCaHUM Hajorom ®OHIa 3a HayKy y MpUMEPeHOM POKy KOju
onpenn PoHA 3a HayKy, ako DoHZ 3a HAYKY yTBPIH OHIO KOjH TpoMyCT, HEHAMEPHO OACTYMambe W/UIH TEXHUUKY
rpeiky. HMcnsara 3a HapenHn kBapran Guhe usBpiieHa Tek Hakod mto MoHm 3a HayKy o700pH (Tj. MO3UTHBHO
OlleHH) axypupanu Kapranuu aIMUHHCTPaTHBHO-(DHHAHCHCKH U3BeLLTa].

Ynau 26.

CBu usBewTaju ce MOAHOCE MyTeM IOLUTE WIH HEMOCPEIHOM NpenajoM y LUTAMIAHOM OOJIHKY, Kao u
CJICKTPOHCKHM NYTEM - JISKTPOHCKOM TMOLITOM MIIM APYTHM MyTeM Koju Oyje oapeano Mo 3a Hayky. M3pewnraj
Mopa Outi nornucan oz crpaHe Kopuckuka cpeacrasa (PykoBoauona IIpojexra, Hocunan npojexra u YuecHuka
IIPOjeKTa), CBOjepyYHO HJIH ENEKTPOHCKH.

OctBapenn pesynratu [Ipojekra eBamyupajy ce TOKOM peanusaumje Ilpojexra. MoHA 3a HAYKy PENOBHO
Ha/3upe U npaTy peanusanijy I1pojexra ouemrBambemM NOJHETHX KBAPTATHUX H3BELITAja, OLCHHBAbEM | OANILIbEr
uspelnTaja o Hanperky Ilpojekra, Haq30pHUM NnoceTamMa yyecHULMMA IPojeKTa ykomko DoH/ 3a HayKy YTBPAHU fAa
Cy motpebHe W HenocpeaHuM mnpahemeM nojeaunux [IpojeKTHUX aKTHBHOCTH, K40 M OLEHHBAMEM 3aBpluHOT
H3BellTaja o pesynraruma [Ipojexra.

Ynan 27.

Ilo ykasaHoj noTpeOu, peannsaiuja 1 HAMEHCKO TPOLLIEHE CPECTaBa Y CKIady ca 0J00peHHUM OyiieTom
[TpojexTa Mory ce eBalyupaTi 1 BAHPEIHO Ha HHULMjaTHBY DOH/A 32 HAYKY HJIH HA OCHOBY 00pa3noxeHor 3axTesa
Hocuona Ilpojexra unu Yuecnuxa IIpojexra uiu Pykosopuona Ipojexra.

Yxomnko Pykosonunan I1pojexra He jocTaBu H3BelITaje y POKkoBUMA ofpeheHrM oBUM YTOBOpPOM, TO ce
Moxce cMatpaTh TToBpesom oBor YroBopa U Moke OUTH pasiior 3a 00ycTaBlbake HCIIaTe CPeCTaBa U/UIH PACKH
YToBOpa, OCHM Kajia je Kalllbere MPOY3pOKOBAHO HernpeiBuheHnm OKOMHOCTHMA O kojuma je (Dowy 3a HayKy
OnaroBpeMeHO 00aBelITEH.

PykoBoaunaii [1pojexra je, 6e3 063upa Ha n3BeniTaje, 06aBe3an Aa nucaHuM nyTem obanect MOH 3a HAYKY
0 cBUM 3HayajHuM Aorahajuma Ha ITpojekTy, 61O 1A Cy MO3UTHBHYM MM HEraTHBHH, kako 61 DoHX 3a HAYKY GHO
obasewret o crarycy Ilpojexra u omoryhno norenuujante npomexe y aktusHoctuMma ITpojekra, yEbYuyjyhn u
NpoOMeHy BpeMeHcKor okBupa IIpojekra, npepacnoneny Oyyera u npomene unanosa IIpojekTHor Tuma. CBe TakBe
MpOMeHe 3axTeBajy nucaHy carnacHocT MoH/1a 3a HAyKy 1 HE MOTY C€ CIIPOBECTH Mpe JaBakha Te CarlacHOCTH.

XI OIAIrOBOPHOCT 3A IITETY

Yaan 28.

DoHJT 32 HAYKy HE CHOCH OJIFOBOPHOCT, HEMOCPEHY /M MOCPEAHY, 38 MATEPUjaHy UM HEMATepHjajIHy
INTETY MM 3a MOBPEJly HACTaly y OIHOCY Ha 0CO0Jbe, ONpeMy MJIM APYry MMOBHHY TOKOM peanusauuje [Ipojekra
WJIM HacTajly Kao mociequua HakoH peanu3anuje [Ipojexra, n He MOke 0100PUTH K20 OCHOBAHO MOTPKHBAHE 34
Ha/IOKHaJly TaKBHUX TPOIIKOBA MJIM Ipepacnojeny und noeehamwe nzHoca u3z byyera Ipojekra Ha uMe niahama y
BE3H Ca HACTAJIOM ILTETOM HJIH OBPEOM.
Yaan 29.

Kopuchuk cpencrasa He Moke Ha DoHJ 32 HAyKy MPeHETH OATOBOPHOCT, OJHOCHO 00aBe3y HALOKHA/e
IITETE KOja MPOMCTHYE M3 MOTPaXKMBaHA, AKTHBHOCTH WJM TIPOMYIITaka MPefy3eTHX Kao MOCHeqHla KpIIeHa
TpaBuIa UK npomnuca oj crpane KoprcHuka cpeicrasa.
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®onz 3a nayky Peny6iauke Cpouje — [IPOMHC
Yrosop o duuancupary peatusauuje Ilpojexra

XII TYIKBE IIPOTUB ®OHJIA 3A HAVKY

Yaan 30.

Hocunau Ilpojekra he, Ha Haunn 1 pacnonoxusum CPCACTBMMA Y CKIally ca 3aKOHOM, 3aCTYMaTH HHTepece
DoHza 3a HAYKY U NPYXHTH NPaBHY 3alUTHTY Y Cily4ajy CBMX 3aXTeBa, TYxOHU U JpyrHX MOCTynaka npotus Ponpga
3a HayKy M HerOBHX 3alI0C/ICHUX, & KOjH OM HACTaIM U3 MITH y BE3H Ca Peali3aLiijoM OBOr Vroeopa u/unu [IPOMUC-
4 WJIM ycren pOUsBOA:E, Npojaje, AUCTpubyHje Hin yrnotpebe pesynrara IIpojekra.

XIII  OAT'OBOPHOCT 3A 3AKOHHUTO MMOCJOBAE

Yoaan 31.

Kopucuuk cpencraga je y oanocy Ha peanu3aumjy akTHBHOCTH 1 huHaHcupate IIpojexta 1o oBom Yroeropy,
OArOBOPAH 3a 32KOHMTO MOC/IOBAkE Y CKIay ca MPonucuMa, ykbyuyjyhu u:

1. M3MHpuBare N0CTENNX Ope3a, A0NPUHOCA U APYTHX JaBHuX nax6uHa y ckiany ca nponucuma Peny6imke

Cpbuje;

2. nowrToBame 0baBesa Koje npousnase u3 Baxkehux nponuca o 3alUTUTH HA pajly, 3aloll/baBalky U YCIOBHUMA
pana;

3. nomrosame obaBe3a Koje npousunase u3 Baxehux mpomnuca Penybnuke Cpbuje o KoHTponm apkaBHe
noMORH;

4. OZrOBOPHOCT 3a MOLITOBAMe 00aBe3a KOje NPOM3HIIase 13 BaskehHX MPOMKCA O 3AIUTHTH HKHBOTHE CpejnHe.
X1V CYKOB HHTEPECA

Yaan 32.

Hocunar Ipojexta, Yuecnnk INpojexra, PykoBoaunan [pojexra u unanosn [TpojektHor Tima ce obage3yjy
Jla cripeye /1a U3BpLIeH:e OBOr YroBopa Oyze yrpoxeHo u fa u3berty cyko uHTepeca no GMI0 KOM OCHOBY, OUIIO
Aa MPOM3HIA3H M3 EKOHOMCKHX MHTEpeca, MOJUTHYKUX CKIIOHOCTH, MOPOJMYHUX MM eMOIMOHATHHX OHOCA MIIH
canaor. Hocunan [lpojekra, Yuecnuk Ilpojexra, Pykosoaunan IMpojexta U 4iaHOBH ITpojextHor Tuma he Ges
ofnarama y nucanoj gopmu obasectutn PoHA 0 CBUM CUTyalHjaMa Koje Mpe/cTaBbajy CykoO nHTepeca no O6uo
KOM OCHOBY, Ka0 ¥ CHTyallijaMa/OKOIHOCTHMA Kkoje G4 MorJle JOBECTH /10 TAKBOI CyKo0a, Y CKJIay ca 3aKOHOM.

Yanan 33.

Y ciyuajy yTBpheHor moctojara cykoba HHTEpeca y u3Bplueiy Yrosopa, ®oma 3a Hayky he TpakuTH of
Hocuona [lpojexra n/unn Yuecnuka Ipojekta fa, 6e3 oasiararma, a HajkacHHje Y poKy KOji He Moe GuTH IYKH 01
30 maua, npenysme notpebHe pagme Koje je Hanokuo ®oHa 3a HayKy Kako Gu ce OTKJIOHHO cykoO MHTepeca y
peanM3aliju Npojexra.

Y cBakoM ciyyajy, Ha 3axteB @onna, Hocunau Ipojekra u/unu Yuecuuk Ilpojexra 3amennhe 6umo xor
YjlaHa CBOT 0co0Jba KOjU je y cykoOy UHTepeca.

XV  TIOBEP/bUBE HH®OPMAIIUJE

Yanan 34.

HMngopmannje nocrasmene PoHly 3a HayKy on crpade Hocwona ITpojekra, Vuecuuxa I[lpojexra u
Pykosoauona Ilpojekra cmatpahe ce moBep/bMBHM HHQOpMalUjaMa, OAHOCHO MOAAUMMA 3alTHREHHM  Kao
10C/IOBHA TajHa, Y CKIIajly ca MpomMcuMa KOjuMa je peryamucaHa Ta o61acr.

Humra y nanpen naBenenom Hehe orpannuntu mpaso Mowzaa 3a Hayky aa oGjaBu oniTe undopMmaimje o
noapiuu kojy MoH/ 3a HayKy npysxa IIpojexTy, a y ckiajy ca nponucuma KojuMa je peryJ1icaHa 3aiTHTa NOC/I0BHE
TajHe ¥ MoJalH O JUYHOCTH.

] T EM})
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Donj 3a nayky Peny6iuke Cpbuje — [IPOMUC
YroBop o ¢unancupamwy peanusaumje Ipojekra

_ Iloa ycnoBom na ompenbama osor yrosopa Huje Ipyrauuje npeasuheno, Yrosopue crtpane he 4yBaTH
TajHOCT HH(OPMaLHja Y BE3H ca M3BpPLIEHEM OBOI YroBopa (6e3 003npa Ha TO JAa JiM Cy HM Te MH(popMaLuje
CAOMIITEHE YCMEHO HIIM THCMEHO) H OHUX HH(OPMaLHje Koje Cy y MHCcaHoj hopMu HIEHTH(PHKOBAHE KAO TOBEPIbUBE
HajMak€ MeT roAMHa HAKOH 3aBPILIHE MOCIE/Hbe HCIIATE 0 OBOM Yrosopy. Hocunar Ipojekra, Yuecuuk IMpojexra,
Pykosoaunar ITpojekra u unanosu IpojexTHor Tma Kopuctihe Takse nosepsblBe HH(OpPMALIKMje camo y CBPXY
HCTyHaBakba CBOjUX obaBe3a n3 Yrosopa.

XVl [POMOIIMJA, JABHOCT U BUIJbUBOCT

Youan 35.

PykoBoaunan Ilpojekra je obasesan na Tokom peanmsamnje [Tpojexta o6es6emn npomouujy [lpojekra u
BHJIJBHBOCT pe3yJiTaTa yueCcTBOBakeM Ha KOH(epeHLHjaMa, 00jaB/bHBabeM HAYYHUX My6IHKALH]a, OPraHi30BabeM
CKYNOBA U CEMUHAPA, IPOMOLK]OM Yy MEAHjHMa U Ha APYIITBEHNM MpEexKama, OpraHu3oBameM mocera I1pojekTHoM
THMY M nabopaTopuju W Ha apyre Haumse. IIpuiukom oGjaB/bUBaMba Pe3yTaTa y HayuHHM nyOaukaunjama
(4aconncn, 300pHULM, TOCTEPH, Npe3eHTaL|]e, MOHOrpaduje u 61O KOja pyra BpcTa WM KaTeropuja mpukasa
pesynrara) moTpeOHO je Ha oaroBapajylieM W jacHO BHA/BMBOM  MecTy Yy nyonukauuju  (nomyT
3axsanunue/Acknowledgment onesska y paay) nasecru: ,McTpaxkupame CIpOBE/ICHO y3 noapiluky oHga 3a Hay Ky
PenyGnuke Cpbuje, [IPOMUC, #5POJ TTPOJEKTA, AKPOHUM / This research was supported by the Science Fund
of the Republic of Serbia, PROMIS, #GRANT No, ACRONYM.

Ha ucti HaunH je motpeGHO oGeneskuTH U GUI0 KOjU JAPYTH WITAMMAHH MAaTepHjan (kao M AMCHTAIHH M
MyJITHME/HjajlHd MaTepujal, Ha HAYMH Ha KOjH je TO NPUMEHUBO) KOjH ce KOPHCTH 3a NPOMOLHjY H BHALHBOCT
I1pojexra unn pesynrara I[pojexta. [TpunnkoM MpoMoLKje uau NpukasuBama pesynrara [pojekra y MarepHjaauma
WM MEIMjuMa Koju cajpke rpaduuke enemente (moctepu, (uiajep, GaHepu, ponanoBu, cajToBH, GUIMOBH W
aHnMauuje, nybaukauuje, MoHorpaduje 1 Jpyro) y OKBUPY NpHKa3a 3aXBalHHLE TOPE] HABEACHOT noTpebHoO je
KOPUCTHTH U j1oro DoHAa 3a HayKy.

[punnkom oGjaB/bnBamba pesysiTaTta NpojeKTa WM NPUKAa3UBaba aKTHBHOCTH MPOjeKTa Ha JPYIITBEHHM
MpexaMa ocuM HasefeHe 3axsanHuue/Acknowledgment norpeGHO je kopucTMTH M omrosapajyhe o3Hake (eng.
hashtags): #fondzanauku, #promis, #akronimprojekta.

Ynau 36.

Onpema Habassbena y okupy peannsauuje ITpojexta, ogHOCHO duHaHcHpaHa cpeactuMa ITpojexra Mopa
na Oyne obenexeHa HaleNMHMIOM Koja cagpxku noro @Donja 3a Hayky, HasuB nporpama ([IPOMUC)
uaentndukaunonn 6poj (MJT) npojexra u cnenehy uzjasy: ,,OBa onpema je hruHaHCHpaHa CpeiCTBUMA DHHAHCH]CKE
nozpiuke oj crpane Qonza 3a Hayky PenyGnuke Cpouje™, a Moke capkaT U NONUCHU GPOj MHBEHTApa, Y CKIay
ca npaBunuma HHO koja je n BnacHuK onpeme.

Yian 37.

Cse nmybmukauuje y Besu ca peaansauujom Ipojexrta, y G110 kom 00MKy U npeko OMIIO Kojer Meuja,
yKibyuyjyhu u uHTEpHeT, Mopajy caapxkaru cineaehy uzjasy: ,,OBaj [Hasue wiu epcma doxymenma) je uspahen
cpencTtBuMa (hMHAHCHjCKe NOJpPLIKE O cTpaHe DoHAA 3a HAyKy. 3a caipkHMHy OBe MyOiIMKalUMje HCK/bYUYHBO je
oarosopan [Hasus Kopucnuxa cpeocmaea] v Ta caapkuHa He n3paxaBa ctaBoBe DoHja 3a Hayky PenyGiuke
Cpbuje”.

Yaan 38.

IToxemHo je na ce paaoBd 00jaBibyjy y Boaehium wmeljyHapoaHum yacomucuma. Y CBHM pajoBUMa
00jaB/beHHM y YacONUCHMa M MMPUKA3aHUM Ha KOH(DepeHIHjaMa, Kao W APYyrMM NpHKasHBambHMa pesynTata Hiu
aktuBHOCTH IIpojekta, Pykosomunan Ilpojekta u unanosu IIpojekTHOr TMa Cy y 00aBe3n cy ja Hapeiy ja Cy
pesynTaTtu npouctekin u3 Ilpojexra koju punancupa QoHj 3a HayKy.

Yan 39.

VY unmy noeehama KBaMTeTa M BUIJLMBOCTH HAay4uHOT pajaa, Pyxosoaunan [TpojexTa je ny»xan na obesdeau

lla ce HCTpaxkuBare y OkBUpY [Ipojexta cnipoBejie y ckialy ca MPUHLUIIHMA OTBOPEHE HayKe U 14, Y CKIIay ca THM:
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Vrosop o dunancupamy peanusaunje Ipojexra

1) y Ou10 KoM TpeHyTKy Tpajama Ilpojexra, kao U HajMarbe rofMHy JaHa HAKOH Tora, omoryhu
3aUHTEPECOBAHUM JIMLIMMA MpHCTYn pesynrtatuma [Ipojexra, y CKllagy ca N0OpOM akaaeMCKOM
TTPaKcoM, 3alUTHTOM ayTOPCKHX MpaBa  3aLITUTOM CAMHX [10aTAKa;

2) 0be3benn na NpuUMapHH HCTPAKHBAYKM TOIALH NPHUKYTJLEHH TOKOM peanusauuje [Ipojexra Gyny
MPHIPEMIbEHH, CHCTEMATH30BAHH, CTPYKTY PUPAHH U @JIEKTPOHCKH (hOPMATHPAHH. [penopyuyje ce
Aa ce 3a TakBe MOAATKE OMOryhH OTBOpeHM NPUCTYN (€HT. open data) y CKJIajly ca 3aKOHOM KOjHM
ce ypehyje obnact nayke u ncTpakupama, a lpema rpenopykama u cMepuruama ®onja 3a Hayky.
Kopuchuk cpeacrasa je carnacan ga ®owun 3a HAayKy KOPHCTH n o0jaBibyje nocTaB/beHe (ororpaduije,
TCKCTOBE, BUACO M ay/IHO 3aMKCe HACTAlle y KOHTAKTHMA ca MeJIHjuMa y Be3H ca peanuzauujom Ipojekra, a y uumy
NpOMOILKMje ycrelHe peannsauuje nporpama [IPOMUC u JIONIPHHOCA Pa3BOjy HayKe M Hay4YHOMCTPaKUBAYKE
AenarHocTu y PemyOnuuu Cp6uju.
Ykonmxo KopucHuuu cpejcrasa, ykmwyuayjyhu u Pykoeoanoua npojekra u unanose tuma ITpojexta
npekpiue obasese nponucane y onesbky XVI, @ous 3a HayKy 3ajlp)kaBa Npaso Ja He MPUXBATHTH T€ pe3yJITaTe Kao
pesysrate [IpojexTa, 1ITO MOJKe yTHUATH HA LEIOKY THY eBajyalujy u HacTapak uHaHcupama [Ipojexra.

XVII HMHTEJEKTYAJIHA CBOJUHA

Yaan 40.

Hocuunan [pojexra u/nmn Yaecuuk Ipojexta notsphyje 1a nocenyje ca MHTENEKTyasHa Mpasa u cBa know-
how npasa koja ce kopHcTe TokoM peanusammje [pojexTa u 1a HujenHa Tpehia cTpaHa Hema, HUTH MOXKe NIOCTaBUTH
3aXTeB y OJHOCY Ha oBa npaBa. Pykosoaunau ITpojexta ce o6aBesyje aa A0CTaBH A0Ka3e y BE3M Ca OBHM [PaBMMA i
know-how, yxibyuyjyhu anu e orpannuasajyhu ce na: YLOBOpPE O JIMLEHLUPay U Apyre CropazyMe, ako UX UMa,
Ha OCHOBY KOJHX je OMJIO KOMe JaTo NpaBo Ja CTEKHE HEKO NMPaBO MM HHTEpeC Y Be3H ca OWIJI0 KOJUM MOBE3aHUM
NPaBOM HHTEJIEKTYaHe CBOJHHE.

[IpaBa Ha OCHOBY CBe HOBe WHTEJNEKTyallHe CBOjHHE W  know-how, KOJH MOry OHTH CTBOpPEHM TOKOM
usBohersa [Ipojexra, mpema 3akoHy kojim ce ypehyje obnact Hayke u ncTpakiBarba npunazajy Hocuony IMpojekra,
ocum ako Pykosomunar Ipojekra u Hocuman Ilpojekra He yrosope apyraunje, o Hemy MOpajy MHCaHHM MyTeM
oGasecTuTi POH M IOCTABHTH KOIH]y CIIOpasyMa/yroBopa/IoKyMeHTa KOjH TO peryJimiue.

Komepuujanusaumnja pesynrata ce ocTBapyje Ha OCHOBY 3akoHa M mpaBuiHMka Hocmonua Ipojexta u
Yuecnnka I1pojexta, y ckaafy ca mponucnma kojum ce ypehyje o6nacT Hayke u MCTPaXKUBA:A.

Hocunar ITpojexra n Vuecuux Ipojexra je y o6asesu aa ocurypa npasa HUHTENEKTYanHe CBOjUHE U know-
how y yroBopuma 3ak/byueHuM ca Ouso kojum Tpehinm jHieMm.

Hocunar Ipojexta w/man Yuecnux ITpojexra u Pykosonunan INpojexra carnachu cy aa ®oux 3a HayKy
MOXKE KOPMCTHTH, CKIaIHIITHTH, MOAMDHUKOBATH, TNPEBOJAMTH, MPHKA3UBATH, PENPOAYKOBATH OUIO KOjHUM
TEXHHYKUM MOCTYNKOM, OOJaBUTH MJIM CAOMIITMTH MyTeM OMIO KOI MeJuja cBa JOKYMEHTA KOja Mpousnaze us3
IIpojexTa Ge3 003upa Ha HUXOBY (hOPMY, IO YCIOBOM 1a TaKBE Paiihe He Kplle rnocrojeha npasa Ha HHTENEKTYaNHy
ceojury Hocuona [lpojexra nnm 6uno koje tpehe crpate.

XVIII 3AHITHTA ITIOJATAKA O JIMMHOCTH

Ynan 41.
Ceu nojauu o IMYHOCTH MPHMKYN/baHu of cTpaHe DoHza 3a Hayky kopucTuhe ce HCKIbYUHBO y CBpXY
M3BpllUaBaiba U Haa3opa oBor Yrosopa, u npahewa u avanuse nporpama [TIPOMUC.

DoHJ 32 Hayky he OrpaHMYHTH MIPHCTYN U YMOTPpeOy MojaTaka o JMYHOCTH Ha Mepy KOja je HeonxoJHa 3a
M3BpLIaBabe U Hal30p OBOT YTOBOpa Kako OH ce 00e30e/11a HX0Ba 3alITHTA Y CKJIajy ¢a 3aKOHOM.

@onp 3a Hayky he o6aBecTuTH Pykosoanona [Tpojekra y ciyuajy aa ce nuunu nofauu npocielyjy tpehnm
CTpaHama M NpubaBuTH MUCaHy CariacHoCT ocode(a) K0joj MOMEHYTH MOAALM NPUNA/ajy Npe HEro WTo OHU Gyay
npociaeheHu.

"
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Vroeop o (punancupamy peanusaunje [pojexra

XIX 3AIINTHUTA )KUBOTHE CPEJJUHE

Ynan 42.

Kopruchnk cpencrasa ce obaBesyje 1a ce MpuIpkaBa HAjBULIMX CTAHAAPAA O 3ALUTHTH KUBOTHE CpeaHHe U
Aa npumerbyje OKBUPHH I11aH 3a YNpaBibarbe 3aIITHTOM KHBOTHE CPeUHE U COLMjanHuM yTuuajem (Environmental
and Social Management Framework).

Kopuchik cpeacrasa ce obasesyje na he ®onny 3a Hayky AOCTaBMTHM CBe 3axTeBaHe MHDOpMauuje
notpeGHe J103B0JIe Ha YBHA, Kao 4 jia GaroBpeMeHo mpezy3Me cBe Mepe kako Gu omoryhuo Monzy 3a Hayky ja
BPLUH HAJ30p Ha/l IPUMEHOM MPOMKCA O 3alUTUTH KHBOTHE CPEIMHE.

XX ITIOCTYIIAK Y CJIYYAJY IIOBPEJE YTOBOPA

Ynan 43.

Ykonuko ce Tokom peanusaunje IIpojexra ycranosu aa [Ipojekar Huje peannsosaH y MOTHYHOCTH Npema
Onobperom Ilpennory Ilpojekra u onoGpennm n3menama IIpojekta TokoM erose peannsanmje, PoH 3a HAYKyY
MOXK€ MOKPEHYTH MOCTYNaK mpej HallexxHuM opranuma DoHja 3a HayKy pajd JOHOLIEHA OMIYKE O CMarbeky
Oyyera onpenebeHOr YropopoM WM MOTMyHY oOycrtaBy (uuancupatba [Ipojexta, yk/bydyjyhu M mokperase
MOCTYTIKA 32 110Bpahaj HEeHaAMEHCKH HIIH HEe3aKOHUTO YTPOLIEHUX NPUMIBEHHX CPE/ICTABA.

Yiian 44,

Vkonuko je IloBpema TakBa ja LITETHE MOCHEAMLE KOj€ j€ MPOY3pOKOBaZa MOry OHTH OTKJIOHEHE
noctynameM Kopuchuka cpeacrasa, ®oun 3a Hayky he, npe obycrasibarba unancuparsa peanusauuje [Tpojexra,
TnocJiaTi nucaHo obasewrere Pykosoauouy Ilpojexta ca nupopmannjama 0 HACHTHPHKOBAHOM HEAOCTATKY HJIH
youenoj [lospenu, ca 3axTeBoM j1a ce npey3My HaloKeHe KOpeKTUBHE Mepe M oTkIoHHM [ToBpea HajkacHuje y poky
o tpuaecet (30) naHa HaKOH aTyMa nmpHjeMa o0aBerlTera.

V ciyuajy na KopucHuk cpezcraBa He OTK/IOHY [ToBpe/ly y OCTaB/bEHOM POKY M HA 3aXTEBAHH HAYMH WJIH
Ce He JI0CTaBH 3a/10B0JbaBajyhe objalmere y poky U3 crapa |. oBor uiaHa, MOH/ 32 HAYKY MOXKe 00YCTaBUTH Jasbe
(uHaHcupatse [Ipojexra u jeTHOCTPaHO PACKHHYTH YTOBOP.

Ynau 45.

VYxonuko je [Toppena onpendu oBor YroBopa Taksa ja BeHe LITETHE MOC/IEAULIE HE MOTY OHTH OTKIOHEHE
nocrynamem Kopuchuka cpeacrasa, @oH 3a Hay Ky MOKe jeJHOCTPaHO PACKHHYTH YTOBOP, @ HAPOUMTO y cieaehum
cllyuajeBuMa:

a) xaza je npotuB KopucHHKa cpejcTaBa MOKPEHYT CT€YajHU MOCTYNaK, OAHOCHO MOCTYMaK JMKBHIallHje,
WJIM CYJIOBH YIIPaBjbajy HEeroBUM MOCI0BUMA, HITH jé Y MOCTYNKY Haroa0e ca MoBepHOIiMa WK Y IPYTOM CPOJTHOM
NOCTYNKY NpeMa BakehuM nponucuma;

6) xana je KopucHuky cpeacrasa, mapTHepy, MOAyroeapady WM ocoOM oenawheHo] 3a 3acTyname
KopucHuka cpejcraBa u3pedeHa mepa 3abpaHe 00aB/bara IeJaTHOCTH;

B) kana je Kopucnuk cpencrasa, mapTHep, moayroeapay uik ocoba osnamihena 3a 3acrynawe KopucHika
cpeacrtaBsa MpaBOCHAXKHO ocybeHa 34 HEKO 0 CJ'IE,[{CI:IHX KPHBHYHHX [€Jla: HEKO OJ KpPHBHYHHUX 1e&jla Ka0 4YJaH
OpraHu30BaHe KpUMHHAJIHE rpyrne, KpUBUUHA Jefa MPOTHB NMPUBPE/E, KPHBHYHA Je/ia MPOTUB KUBOTHE CPEHHE,
KpUBHYHA Jesa NPOTUB HMOBHHE 31noynorpeba obaBibatba MAYKHOCTH [Jp:KaBHE BJACTH, MPOTHB3aKOHHTO
Mocpe1oBambe, OCHM aKo je HacTynuIIa pexabuanTauuja y ckiaay ca 3akOHOM;

r) kaga KopucHuk cpencraBa M3BpIUM CTATYCHY MPOMEHY WIIM MPOMEHM NpaBHY (GOpPMY, OCUM aKo He
MOCTOjH JOKYMEHT U3 KOT MPOU3UIIAa3u JIa je 0 TOj MpoMeHH OlaroBpeMeHo W TauyHo obasecTHo POHA 3a HAYKy H
YKOJHMKO Ta IIPOMeHa Hije 0J] yTulaja Ha cBojcTBo KopucHuKa cpejcTaBa;

1) kaga KopucHHMK cpefcTaBa HACTABH Aa TMOCTYyNAa CYNMPOTHO ojpenbaMa Yropopa y Be3M ca cykoOom
HHTEpeca, MPEeHOCOM MPaBa U TEXHUUYKOM U (DUHAHCH]CKOM [IPOBEPOM POjeKTa;
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b) kama Kopuchuk cpescrasa naje HEBEPOIOCTOJHE MIIM HEMOTIYHe H3jaBe, OjaTke, HHbopMaLuje u

JIOKYMEHTaLH]y, WM aKO 10CTaB/ba HEBEPOIOCTOjHE u3BellTaje y HaMepu aa omoryhu Hacrasak (buHancHpara no
0BOM YroBOpY;

e) kama KopucHuk cpeacrasa nocrymna CYNPOTHO oApeabama O 3alITHTH KHBOTHE CPEeiMHe y CKJIamy ca
3aKOHOM H OBHM YTOBOpOM, a uMajyhut y BUIY NPHPOMLY M BPCTY aKTHBHOCTH Y OKBHpY peanusauuje [Tpojexra u
nenarioct KopucHuka cpencrapa;

%) kana Kopuchuk cpencraBa y peanusaumju Ilpojexta OCTyNa CYyNpOTHO Havesy eTHKE, Hay4YHOT H
MCTPKHUBAYKOr pajia U NPUHLMIKMA 100pe Hay4He npakce;

3) Kaja ce yTBpaH, no ouenn Pouaa sa Hayky, aa je KopucHuk cpecraBa ykbyyeH y KOpPYNTHBHO H
NPeBapHO [MOCTymamwe, AoBoherwe y 3abiydy, NPOTHBIPABHE palke M MOCTYIIKE OMCTPYKUHJE MPHIHKOM
U3BplIaBaba OBOr YroBopa u cripoBoljera [1pojekra;

1) kajia KOpHCHHK cpesicTaBa HEHAMEHCKH MITH HE3aKOHHUTO TPOLIH cpeacrtia [Ipojekra.

Ynan 46.
@OoH/1 32 HAYKY MOXe jeIHOCTPAHO PACKHHYTH YTOBOP YKOJIMKO CE YTBPAH 14 je KopucHuk cpeacrasa:
1.y npujasu Ha jasnu nosus Pouaa 3a Hayky Peny6inke CpGuje og 21. jyna 2019. ronuHe 3a GpuHAHCHPaHE
npojekara no ITPOMUC-y HaBeo HeTauyHe M/WIM HENOTMyHe usjaBe, mojatrke, uHdoOpMalHje WM
JOKYMEHTALIU]Y; HITH
2.y peanusauuju I1pojexta no oBom Yrosopy npekpiuno oGasese npeasulieHe YroBopom; win

3. 3a dunancupame kpo3 [IPOMHC u osaj [Tpojexar npujasno Tpoikose koju ce Beh (buHaHcupajy uiu cy
Beh Onnn punancupann y okupy HUO witi kpo3 HEKH Apyr nporpam.

Yanan 47.

Y ciyuajy packuaa Yrosopa, a y 3aBHCHOCTH 071 BpcTe U TexnHe TToppee, DoH 3a HAyKy MOXKe 3aXTeBaTH
nospahaj LeNOKyNmHOr M3HOCAa HcmiaheHHX CpeicTaBa MM CAMO HEHAMEHCKH WM HE3aKOHMTO YTPOLUEHUX
CpeJicrTasa, ca npHnajajyhoM 3aTe3HOM KaMaToM.

[Tpe nim ymecto packuia YroBopay ckiiajy ca cTaBoM 1. OBOT 4aHa, Kao H y cllyuajy CyMibe Ha IOCTOjarbe
pasjiora 3a packuj Yroeopa y ckaamy ca oBuM unaHoM, PoHA 3a HayKy 3alpkaBa MpaBo J1a He W3BPLIM JOCIENy
ucnyary, 6e3 nperxonHor obaseurera KoprcHuka cpeactasa o npey3eToj MepH onpesa.

XXI [NPOAYKEWE IIEPUOJA PEATU3AIIMJE YTOBOPA

Ynaan 48.

Tpajame [1pojexta u3 unana 1. cras 2. 0BOr YroBopa MOKe ce NPOIYKUTH CaMO Y M3y3eTHUM OKOJHOCTHMA
(kao wWTo Cy HempensuheHa Kaluwerma y MMIJIeMeHTauuji [IpojekTa y3poKOBaHA aJMMHUCTPATHBHHM,
(HUHAHCHjCKUM WM IPYTUM NPOLEAYPaTHHM pasjiosuma u gorahajuma Buie cuse).

Pykosoaunan Ipojekta Mopa noaHeTH obpasnoxkeHn 3axres 3a npoayskeme [Ipojexra HajkacHuje TpuaeceT
(30) mana npe npsobuTHOr Aatyma 3aspiuerka [Ipojexra. Ilpoayxkere nepuoaa peanusauuje YroBopa, 0QHOCHO
[Tpojexra mopa 6utn onobpeno on crpaHe Porja 3a HaYKY.

[lepuon wmmniementaunje Ilpojexta Moxe OWTH NpPOAYXKEH 3a TEPHOJ je[HAK Tpajaky 3actoja y
peammsanuju IIpojexra/obycrase y u3Bpiiemy Yrosopa us cr.1—2. oBor 4jaHa.

HacTajame OKOTHOCTH Koje cy pa3iiosu 3a Npoayxeme Tpajarma [IpojekTta HuCy 011 yTHlaja Ha npaso DoHaa
3a HayKy Jia packuHe YroBop y ciydajy TMOCTOjaba 3Ha4ajHHX rpeliiaka, HENpaBUJIHOCTH MJIM MPEBape Y Be3d ca
npoueaypoM onobpera (uHancupara IIpojexra unm y ciydajy nospeae Yrosopa ox crpane Hocuoua IIpojexra
u/mmn Ydecunka [Ipojexra u/unu Pykosoauona Ipojexra.

16



Qo 3a Hayky Peny6auxe Cp6uje — [IPOMHC
Yroeop o dunancuparmy peamusanuje [Ipojexra

XXII BHUIIA CUJIA

Yiaan 49.

Buia cuna nonpasymesa 6uso koju BaHpe/lan ¥ HeNPEBUAMB CIOJballlbH orahaj Wil U3y3eTHY CHTyaLu]y
HaCTajly HaKOH cKJanama Yrosopa, a npe 3aspurerka [Ipojexra, koja ce y BpEMe ckilanama YroBopa HHje Morna
TPEBUIETH, HUTH jy je YrOBOpHA CTpaHa MOria CpeyHTH, n36ehu uiy OTKJIOHUTH, U 33 KOJy CTOra HHje 0IroBOpHa
HH je[lHa, HU JIpyra CTpaHa, a koja crpeyasa Guio KOJy Ol IHX Jla HCIIYHH CBOj€ YTOBOpHE 00aBese, [IpH 4eMy ce He
MOl"y NpUNHcaTH 'pelliny, HenaKwkH HITH HEMapy ca mbHX0Be CTpaHe (HJ'[H 01 CTpaHEe HHXOBHX noayropapava,
3aCTyMHHMKA U 3aI0CJCHUX), a TOKaXy Ce kao HenpemocTiBe. HencnpasHa onpema uiu MaTepHjani WK KallheHe
Y BHXOBO] 0CTaBH, PalHH CyKoOM, WITPajKOBH WM (unancujckn npobnemu koje je Hocunan IMpojexta u/uau
Yuechuk ITpojexta u/umu Pykosoaunau Ipojekra Morao TNPEeABUACTH WK n30ehu, He MOTY ce HABOJMTH KAo BUILA
cuna.

Hehe ce cmarparu n1a je yrosopna ctpana npexpiumna CBOje YyroBopHe 06aBe3e aKo je crpeyeHa a HCmyHH
Te 06aBe3e 300r BULLE CHle. YTOBOPHA CTPAaHA CYOueHa ca BHILIOM CHIOM Ge3 oaaratba he o Tome obasectutn apyry
YTOBOPHY CTpaHy, HaBoZehH NPUPOJY, BEPOBATHO TPajake M MPeIBHANBE MOCEHLIE npoOsiema, U Npey3eTH CBe
noTpebHe Mepe /1a ITeTy CBeJe Ha HajMamwy Moryhy mepy.

XXIII HM3MEHE U JOIIYHE YTOBOPA

Ynan 50.

Kopuchuuu cpencrasa cy y o6asesu 1a y nucaHom 00JIMKY HeomnokHO obaBelutasajy MoHJ 3a HayKy o
CBAKOj CHTYaLlHjH KOja HACTAHE TOKOM peann3atiije 0Bor YroBopa, Kako OHOj KOja He 3aXTeBa U3MeHe /UK JOoNyHe,
TaKO M 0 OHOJ KOja 110 3Hauajy 3aXTeBa 3aK/byUNBak-E aHEKCA OBOT YTOBOPA.

AKO U3MeHe H JonyHe npeanaxe Pykosoaunar [Tpojekra uin Kopuchuk cpeacrasa, obasesan je 1a 3axTeB
3a U3MEHY MM JonyHy Yrosopa aoctasu Mouiy 3a HayKy Hajmawe 30 naua mpe Hero wro 6w Tpebano na ce
peannsyje paamwa 300r Koje ce Npeisaxe H3MEHA WM JIONYHA, OCHM aKO He nocroje mocebHe OKOJIHOCTH KOje je
Kopuchuk cpencrapa/PykoBoauuna [Tpojexra onpasaano o6pasiokuo, a Monj 3a HayKy MPUXBATHO.,

Hu y xom ciyuajy panma koja ce npeuiax)e H3MEHOM U JIOTIyHOM CeHE MOJKE Ce Peajii30BaTH IIpe HEro je
on06pn Doz 3a Hayky. Caka H3MeHa YTOBOPHHX 00aBe3a Mopa GHTH 3aTpakeHa u o7100peHa y MUCaHOM 0OJIHKY.

CBe u3MeHe 1 oMyHe OBOT YTOBOpA Ce Caukbasajy y MucaHoj hopmi.

Yian 51.

Y cayuajy na ce 3axTeBajy Mame H3MEHe/IO0MyHe Koje He 3aXTeBajy MOTIHCHBAE AHEKCA OBOT Yrogopa,
DOH/1 32 HAYKY C€ THCAHUM IIyTeM carjaiaBa/ycBaja npeijiokeHe H3MeHe.

Matbe n3mene nonpasymesajy usmene byuera IIpojekra yHyTap ucre Gyuercke kateropuije, uamere byuera
[Tpojexta usmehy Oynerckux kateropuja mMatbe o 10 % BpesHOCTH KaTeropuje; 3aMeHa wiana [IpojeKTHOr THMa;
npomena I[locebHor padyna [Ipojexra; npomeHa anpece wiM APyrux KOHTaKaTa KOPMCHUMKA; Male MPOMEHE Onuca
IIpojexTa Koje He yThdy Ha HeroB 0GuM 1 HJbeBe, Beli ce cacToje y HIIp. y BpeMEHCKOM npepacnopesy peanusaluje
MOjeIMHUX AKTUBHOCTH H CII.

Yiaam 52.

Y ciyu4ajy na ce 3axtesajy Behe usmene/ionyHe koje 3HauajHO yTHUy Ha 06UM U 1usbese [Ipojekta, POHA
33 HayKy MOMKE KOHCYJTOBATH CTPYYHO TeJO Ha/UIEKHO 3a pa3MaTpare TaKBOT 3aXTeBa, U YKOIMKO CE 3aXTeB
omo0pu, MPUCTYTa ce 3aK/byYHBarby aHekca OBOr YTOBOpa.
Yanan 53.
Y ciyudajy aa ce 3axreBa oapehuBame Apyror juua 3a Pykosomuoua Ilpojekta MM ce Ha Apyrd HadMH
YTBpAM moTpeba 3a TaKBOM 3aMeHOM, 360r Tora 1ITO akTyenHn Pykosomunan Ilpojekta He mcnymaBa obaBese
yTBpheHe 0OBUM YTOBOPOM MM U3 JIpYTOr ONPaBAAHOr pasJiora, OA1yKy 0 oapehusamy apyror auia 3a PykoBoanona
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[lpojexta nonocu Ponz 3a Hayky, y3 npubasmbeHO 00pasokeHo MUCAHO MHUILIbEHbE PYKOBOAMIALA CBHX Kopuchuka
CpeAcTaBa KOjH Cy MOTHUCHULM OBOI YToBOpa.

Hosu PykoBoaunar Ipojexra Mmopa HCTykaBaTH CBE yCJI0BE KOju Cy npomucane Akrom o [IPOMUC-y, npu
HEMY ECroBO HCKYCTBO M KBaslM(uKallMje MOpajy oaropapati norpebama I1pojexta u, no npasuiy, Mopajy 6uru
JenHake uin 6osbe of1 kBanudUKaLKja U HCKYCTBA Pykosoaunona Ilpojexra kojer 3amemyje.

Ykonuko KopucHHK cpeacTaBa, Ha MHUCAHM 3aXTEB DoHJ 32 HayKy, HE [OCTABH MUIILLEHE Y poky ox 8
palHuX 1aHa, cMatpahie ce 1a je MHLIbErEe O MPEATory 3a oapehusaibe apyror Pykoosuotia ITpojekta nosutigHo,
a ojutyka (POHIA 32 HAYKY CE MPH/IaKE OBOM YroBopy Kao meros cacTaBu neo—TlIpunor 7.

Yaau 54.
Kopucuuiu cpencrasa cy ayxnu ga o6esbese onrosapajyfie nHpopmaimje U I0KYMEHTa 3a eKCTepHy
pesusjy [Ipojexra ykonnko @oH/ 3a Hayky TO 3aTPaxH.
QoHx 3a HayKy 3a1pikaBa MPaBO Ja CIIPOBEAE eKCTEPHY peBu3mjy, YKOIMKO Ce 3a THM yKaxke nortpeba Ha
OCHOBY Haa30pa peanusanuje IIpojekra u eBayaumje NPOjeKTHUX Pe3yIITaTa.

XXIV  PACKHJ YI'OBOPA

Yanau 55.
DoH 32 HayKy MOXKe packKHHyTH YroBop y ciyuajy [lospese u Y ckJiany ca opesbkoM XX 0oBOI yrosopa.

Y cityuajy packuia Yrosopa ycnen [ToBpene, a y 3aBUCHOCTH O BpcTe U Texkune [Topene, @owa 3a Hayky
MOJKE 3axTeBaTH NoBpahaj LeNIOoKyNHOr U3HOca ucmaaheHnx CpelcTaBa UM CAaMO HEHAMEHCKM WM HE3aKOHHTO
YTPOIIEHHUX CPpeJICTaBa, ca NpunanajyhoM 3aTe3HOM KaMaToM.

Ykomuko Hocunau Ilpojexra, Vuecuuk Ilpojekra umn Pykosoamman [Tpojekta packuHe YroBop WIH
Harycty Ilpojexar, ayxaH je 1a BpaTH LeTOKYTHH H3HOC cpezicTaBa Hertahien o1 crpate Pona 3a HAyKy Ha OCHOBY
OBOT' YTOBOpA, OCHM Yy HAPOYMTO OMPABIAHAM CITy4ajeBUMa NOMyT GONECTH U APYTO.

YKonuko, no packuay YroBopa M3 GMIO KOr pasiora, Huje TIOTPOILEH LEJOKYITHH H3HOC CpeicTaBa
ucriaheH oa crpane @onja 3a Hayky, Hocunan Ipojexta nma obaBe3y n1a DoHY 3a HAYKY BPATH Taj HENOTPOLLECHH
M3HOC HCIUaheHHX CpencTasa, y poky Koju oapean Moua 3a Hayky. YKOINKO HEMOTPOLLEHH U3HOC HcmiaheHux
cpenctasa He Oy e yniahen ©onuy 3a HayKy y yTBpheHOM POKy, Ha Taj u3Hoc he 6UTH 0OpadyHATA 3aKOHCKA 3aTe3HA
Kamara.

bes 063upa Ha ocTane onpende y oBom YroBopy kojima je yroBOpeHo cympoTHo, DoH 3a HayKy Uma rnpaBso
Aa packune YroBop u Hehie cHocHTH 610 KakBY OATOBOPHOCT MpPeMa JPyroj YroBOPHO] CTPaHH HIIH npema tpefium
JUKMMAa y BE3H ca OBUM YTOBOPOM ako (uHancuparbe POH/a 32 HAYKY MM FerOBUX AKTHBHOCTH OYJIe 3ayCTaBIbEHO
WM OKOHYAHO U3 6110 KOT pasJiora.

Y caydajy packuma, oapenbe oBor YroBopa Koje ce OJHOCE Ha 3alITHTY HHTEJIEKTYAllHE CBOjMHE H
MMOBEPJBUBOCT OCTajy Ha CHA3H.

XXV  3ABPHIHE OJAPE/IGE

Ynan 56.

DoHJ 32 HAYKy He rapantyje, Tume wTo ¢uHanckpa [Ipojekar y ckiaty ca oBum YroBopoM, 6e36eaHocT,
BpeaHOCT i Kopuiuhere pesynrara [pojexta unu npesyseror nocna, HuTH hie ce unmenuua 1a Goua 3a Hayky
ydecTByje, GuHaHCcHpa WM OcTBapYyje oBAe AedHHICAHA paBa, CMaTPaTH NOAPLIKOM pe3yaTatiMa [Ipojekra nin
Hocunouy Ilpojexra, Yuecnuky Ilpojexra, PykoBoauouy Ilpojexta u unany IpojextHor Tuma, HutH ume Poxpa 3a
HayKy cMe OMTH KOpHIINEHO y NPOMOTHBHE HJIH PEK/IaMHe CBPXe, HUTH 06jaB/buBaHo o ctpane Hocuoua ITpojexta,
Yuechuka Ipojexra, Pykosoaunona ITpojekta u unana ITpojeKTHOT TUMA, OCHM Y OKBHPHMA M 3a CBPXE HABEICHE
OBUM YTOBOPOM.
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Doz 3a Hayky PenyGnuke Cpbuje — [IPOMUC
Yrosop o (unancuparsy peanusauuje [Tpojexra

Hocunau Ipojexra, Yaechuxk [Tpojekra u PykoBoaunan [Tpojexra je Mck/byunBO OArOBOpaH 3a GUIO KaKBY
LITETY /MK TIOBPENY KOjy je MpeTpneno ocobibe W/MIN HMOBHHA Hocnoua Ilpojexra u/unn Vuecunuka I[pojexra
u/unu Tpeha JHIA TOKOM HUMIIEMEHTaLM]e WM y Besu ca Tlpojektom u oBum yrosopom. Mona 3a Hayky Hehe

NPUXBATHTH OKIIO KaKaB 3aXTeB 3a HAAOKHaTy IUTeTe M noseharbe U3HoCa riahaiba Yy BE3H Ca TaKBOM LUTETOM HJIU
HOBPEIOM.

Jlpyra yroBopHa cTpana He MOKe YCTYIIHTH 0Baj YroBOp HH GO KOjH M0CA0 U3BPLUEH Y CKJIAy ca OBHM
YroBopowm 6e3 nperxozse nucaxe carnacHoctd Mowa 3a Hayky.

Yaan 57.

OGaBewiTersa, KOMyHMKalMja M H3BEWITAjH 0cTaBbahe ce JMYHO WIM/M ClaTH HMEJIOM  WITH/H
NPEMOPYYCHOM MOLITOM ca NOBPATHULIOM, Ha cneﬂehe ajpece:

Qoux 3a Hayky PenyGinke Cpbuje, Macapukosa 5, 11000 beorpan, Cpbuja, wumejn:
promis@fondzanauku.gov.rs.
Yaan 58.

Osaj yrosop je cauntbet y 4 npumepaka, o7 Kojux 1 (jenan) 3a ®onj 3a Hayky, | (jenan) 3a Hocuoua
[Tpojexra, 1 no 1 (jenan) 3a Yuecuuke Ipojexta u 1 (jenan) 3a Pykosomuona ITpojekra.

Osaj YroBop cTyna Ha CHary JaHOM NOTIHCHBakba O] CTpaHe oBialnheHux 1A CBHX YFOBOPHUX CTpaHa.

Hatym cTynatba Ha cHary Yrosopa 2 0.4 2{3 Z‘Q fff(ynucjy‘é"gg \fmc,f:ed»bu oamym ca Kojum je nomnucan
Yeoeop). Ao RN RIS % X

- 50

ayky Peny06nuke Cpﬁujei"Q ua HUO n PykoBoauona

- , o e 13 -07- 2020
T r—r et 9 g :
\ @) WA & 7 qc) Ve ¢ ‘"“‘"HbcmnaLJ [TpojexT: Harym nornuca
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N4 Muhuua\@/ uh-JoBuuuh, B.A. TUpeKTopa <5 4 P JOA
% A% . 0%.0%.2020, /s [Ipojekr Jatym nornuca
arym aoTnHca:
/ e 131.200
/ﬁf}; j/eKTa Harym motnuca
A ITpojexra Hatym nornuca
5,
VYuecnuk [Tpojexra Hatym notmuca

2 19




XXVl NPUJIO3HA

Cacrapnu seo YroBopa unte cieaehu npuiosu:

Beorpa'q

Ipuaor 1 — Onobpenn Mpeasor IMpojexra;

Hpuior 2 — Byyer Ipojekra n Pacnopen niahara;

IIpuaor 3 —Bpemencku oksup ITpojekra (I"'anTOrpam);

Ipuaor 4 — Cnucax unanosa Tuma Ipojekra ykibyudyjyhu u PykoBoauona IMpojekra;

Hpuor 5 — Onwru noaaun HUO u notepaa o cramy Ha [loceGHuMm pauynuma [Ipojekra;

Ipuaor 6 — Usjasa Hocrona Ipojexta/Yuechuka I[pojexra o MoLITOBaY 00aBesa;

Ipuaor 7 — Jlepunnunje;

IIpunaor 8 — (yxommko je nornucan) yrosop usmely Hocnoua [Ipojexra n Yuecnuka ITpojexra o yuemhy
y peammsaumju Ilpojexra, kojum cy perymicaHa mwhxoBa MelycoOHa mpaBa W oGaBese Mo OCHOBY
(uHancupara peanusauuje [pojekta ox ctpane Moraa 3a Hayky (y namem TekcTy: KoH3opuujymeku
YFOBOp) U OCTJIM NPHUIIO3M Ofl 3Ha4aja 3a (PUHAHCHUpaH-e peanusauuje [Ipojexta no oBom Yrosopy;
IIpusor 9 — (ykoauko je MpUMEH/LMBO) eTHYKE CArJaCHOCTH H Apyre carjlaCHOCTH HEOMXOJHE 3a
peanusauujy [pojexra;

IIpuior 10 — (YKonHMKO je NpHMEHIbUBO) MOMYHeH YIHTHUK O MOTEHIH]aHIM pusunuma [pojekra mo
3alUTUTY XKMBOTHE CPeJIMHE 1 COLMja/IHa NUTakba U 1171aH 3a yIpaBJbatbe pusuunma ITpojexTa.

|
o/l

2 W
s ’ " ?".‘



I

@on 3a nayky Penybnnke Cpéuje — [TPOMUC
YroBop o Qunancupamy peannsamije [pojexra

IIpuior 1 — Ono6penn [pemior Ipojexra



Science Fund of the Republic of Serbia
Program for Excellent Projects of Young Researchers: Project Description Form

Project Description

Project proposal title: Mechanical Impedance Estimation and Planning for the Next Generation
Collaborative Robots

Acronym: ForNextCobot
Principal Investigator (PI): Kosta Jovanovic

Research field of the Project: Robotics (Physical Human-Robot Interaction)
1. Excellence

1.1. Objectives

According to Executive Summary on industrial robotics from the International Federation of Robotics!, robotic
technology dominates in factories with 400.000 installed industrial robots and an increase of about 30% annually.
Although contemporary robots offer high performances, payloads, repeatability, and velocities, they occupy a lot of
working space due to safety issues. Nowadays, it is becoming evident that factories of the future will be founded on
effective collaboration between robots and humans. Accordingly, the latest robot generation, collaborative robots, has
been developed to work safer alongside humans, and can be fully integrated into workbenches, However, contemporary
collaborative robots still have rigid connections between their actuators and joints/links while safety is increased by
sensors — collisions can be promptly and accurately identified, and the robot stopped to prevent damage. Although
collaborative robots of this kind have already entered a commercial market, the next generation of collaborative robots
has been intensively planned and designed. This new robot generation will exploit performances of current stiff robots
and bring new safety level by introducing compliance in the actuators! To be able to do these trade-offs between
performances, safety, and energy efficiency new generation of robots will be built around new actuation technology —
variable impedance/stiffness actuators®* (VIA/VSA). In order to achieve their safe interaction within anthropic
environment, many variations of soft robot manipulators have recently been developed in European Commission FP6,
FP7 and Horizon2020 projects (STIFF, Viactors, ECCEROBOT, ERC grant — SPEAR, PHRIENDS, SAPHARI,
Softhands, SoftPro and SOMA) sharing the common concept of variable joint impedance (impedance includes mass,
stiffness and damping factors). As a result, which also supports the potential of this research direction, a number of
published papers with key words variable stiffness/impedance actuators grows exponentially as presented in>. While
comprehensive interaction requires analysis of mechanical impedance, most of the projects and research activities focus
on stiffness and extend towards damping, so we will use the same principle and therefore stiffness is often used instead
of impedance through the text.

Although many VIA design and control have been extensively presented in the research community, widely accepted
guidelines about robot impedance/stiffness planning are still missing. Furthermore, since impedance/stiffness is not
directly measured parameter, its estimation is still open research issue which is supposed to enable new closed-loop
control approaches of VIA and Cartesian robot impedance. This project targets above-mentioned research challenges
through the three main tasks: understanding impedance planning of humans as a reference point for impedance planning
of robots and a tool for collaborative human-robot tasks (objective of TASK1), development of robot impedance
estimators which will advance methods for impedance robot control (objective of TASK2), and finally development of
impedance robot planning for new generation of collaborative robots which will be actuated by VIA and combine it with
kinematic redundancy for effective Cartesian robot control (objaective of TASK3). The research objectives are firmly
based on ongoing research by the PI and the group. Therefore, project results combined with already existing research
achievements of the group and available hardware resources will be evaluated and verified on the latest robots (VIA
driven and collaborative) which will provide additional value to the project research outcomes.

As stiffness and damping are not measurable variables, yet very necessary for the new generation of robots, we aim at
developing twofold impedance estimators. The first one will be focused on estimating the Cartesian impedance, which is
the measure of interaction between robot end-effector and environment, while the second one will estimate impedance of
each joint for cases when contact might happen also sideways. The big impact of this research is expected for the very
actual topic in robotics - control of robots with variable impedance actuators. To that end, suggested estimators will
provide information about impedance/stiffness and enable further development of closed-loop impedance/stiffness

JII;EttDs:'J!ij‘r.orqfde“nloadsfnrcssZOlB,’Execulive Summary WR_2018 Industrial Robots.pdf .
2 Grioliy Guef al. (2015) “Variable stiffness actuators: The user’s point of view”, Int. J. Robotics Res.. 34(6), pp. 727-743.
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control of robots with variable impedance actuators. Although control is not subject of this project, the estimators will be
verified on different robots control in TASK4. In parallel with that, we will aim at developing effective online estimator
of human impedance and gaining insight into the way how humans plan stiffness. The application of effective human
impedance estimator would be of great importance for the teleoperation, as it would allow robots to easily mimic and
reproduce human’s delicate movements by understanding the biomechanics of humans. Initially, we will recapitulate
state-of-the-art methods for impedance estimation and use obtained results as a benchmark for estimators developed
during the project. The common objective will be to develop an estimator that requires minimal information from sensors
and that is reliable for various use-cases. The performance of estimator will be examined with respect to ground-truth
results obtained from datasheet or force/torque sensors mounted on end-effector, joints or drive.

With the further development of design and control of VIA, robots will have better flexibility and will increase their
adaptability to the human-centered environment since they will become able to better execute human challenges and
mimic human behavior patterns. By analysis of human mechanical impedance in interaction tasks (co-contraction of
antagonistic muscles for impedance and kinematic reconfiguration for motion), we will learn about patterns for human-
like impedance shaping mastered through the centuries. This study will enhance the understanding of humans as robot
collaborators, but also help Cartesian stiffness shaping by combining both kinematic reconfiguration (change of position)
and change of stiffness in joints. Following experience about the study on humans, the objective of the stiffness planning
project challenge is to develop algorithms for Cartesian stiffness shaping based on kinematic reconfiguration, algorithms
based on joint stiffness shaping, and, finally, algorithms which combine both approaches through the optimization. All
developed algorithms will be evaluated on already existing robot simulation models and also on the state-of-the-art
physical robots (collaborative with the possibility to emulate variable joint stiffness — Panda, and robots with real VIA -
QB). The specific challenge of this project is to provide firm fundamentals in interaction planning and estimation as
prerequisites for adequate robot control in interaction tasks while ensuring unobtrusive adaptation to the task dynamics
and the interactions with the human or the environment which is uncompromisingly safe for all involved partners.

On top of the presented objectives, the aim of the project is to position and profile the project group in the robotics research
community in this promising area of research. Topics of impedance estimation and planning are not only very relevant
for next-generation collaborative robots, but also for healthcare robotics (especially surgical and rehabilitation robotics
which requires physical interaction with humans). Although very young, all researchers have already been involved in
European projects and PI and three researchers have worked as visiting researchers in European institutions, so the project
objectives could be easily communicated and exploited in the wider European research activities.

1.2. Concept and methodology

With an ultimate goal to contribute to physical human-robot interaction and enable robot impedance planning and control
of collaborative human-robot tasks, the concept of this project is to face the most current challenges in this direction:
Cartesian impedance estimation and impedance planning through the joint position and impedance/stiffness planning
(since simultaneous stiffness/position control of VIA has already been tackled successfully by the project group and many
other researchers). Besides a solid theoretical background which project team poses in the field of design and control of
VIA and robot motion planning, we will look at humans as an inspiration for new generation collaborative robots’
behavior. Fig 1. presents a general concept of human inspiration for robot impedance planning but also for the planning
of robot’s behavior in collaborative tasks with humans where human impedance has to be predicted and encountered by
the robot. The presented ideas and methods which will be targeted in the project are illustratively depicted in Fig 2.

=
N

Figure 1 — Human-inspired robot impedance for the robot behavior planning in challenging interaction tasks and
collaborative tasks with humans planning where human impedance has to be predicted and encountered by the robot

Our idea is to develop reliable online estimators of both robot’s and human’s joint and Cartesian impedance by acquiring
minimum possible information from sensors. With the knowledge of a robot’s impedance in real-time, a firm basis could
be made for planning and control of new generation robots’ impedance. That would allow tasks such as object
__manipulation, walking and grasping to be performed in a more energy-efficient, intuitive, and human-like way with the
iincreased safety. On the other hand, the insight of human biomechanics evaluated through the impedance in real-time
would be useful in human-robot collaborative tasks or teleoperation tasks, as a robot is able to successfully finish delicate
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tasks only when it is equipped with the information of human’s impedance. Nevertheless, the estimation of human

impedance would provide researchers with an important tool for the understanding of Parkinson disease and/or other
motor control illnesses.

Methods for the stiffness estimation arise from the main concept of joint stiffness estimation which is based on finding
the first derivative of flexibility torque with respect to the flexible transmission. The online non-parametric joint stiffness
estimator® directly estimates robot joint stiffness from the link side by exploiting information of torque and position
sensors mounted on the link. However, the observability issue prevents this method to estimate stiffness when the link is
in the steady-state. A different perspective on this challenge relies on information from the drive side®. In this case,
stiffness estimator has two phases: first, flexibility torque that acts on each motor is estimated using residuals and then
Recursive Least Square algorithm is applied to find torque and stiffness approximations, which are parameterized with
respect to the flexible transmission. As this approach requires the knowledge of motor speed, estimated by Modified
Kinetic Kalman Filter, the main drawback is the necessity to tune multiple parameters of Kalman filter. Direct stiffness
estimation with proven convergence of the algorithm has been proposed®, however to the best of our knowled ge, it has
not been applied to control stiffness in the closed-loop yet. Furthermore, a few works have been done in the field of
impedance estimation®. Regarding Cartesian impedance of robots, estimation of contact impedance during the interaction
of a robot with the unstructured environment has been achieved”, while human arm’s Cartesian stiffness has been
identified through the interaction with robot’s end-effector equipped with force sensor for the final purpose of
teleoperation®. We will aim at developing a reliable method for joint impedance estimation, which will require only the
knowledge of drive and link positions. Actually, our methodology will combine abundant and promising results from the
theory of observers with the practical necessity of impedance estimation.

As we have already done in our previous research’, the simulation model of QB robot actuated by QB Move maker pro
VSA in the antagonistic setup will initially be used for validating impedance estimators. For the sake of testing
experimental joint impedance estimation results, we will use QB robot with 4DoF driven by a QB Move maker pro VSA
in the antagonistic setup, where 6-axis force/torque sensor ATI Mini 45 will be mounted for obtaining the ground-truth
data. Furthermore, the industrial robot (ABB brand) in the lab with an external force/torque sensor will be used for the
verification of Cartesian impedance estimation. Regarding human impedance estimator, first Hill’s and Huxley’s model
of muscles' will be used for the simulation test of the estimator. Then, estimator will process data from wearable motion
and EMG sensors mounted on the human subject, which will be used to measure the position and velocity of joints and
electrical activity of muscles. For the initial phase of the project activities on impedance estimation, we will assume that
the electrical motor dynamics can be linearized, and we will adopt a linearized model of the human arm in order to
simplify and accelerate computations.

With the further development of VSA actuators, it will be possible to shape next-generation robots’ performances such
as speed, precision, the safety of interaction and actuator limitations, following patterns similar to human ones. It is a
biologically inspired approach where the increase of human’s muscle contraction is equivalent to the increase of VSA
stiffness. Guided by this principle, we will observe the Cartesian stiffness of the robot's end-effector, a variable of great
significance, that depends on the stiffness in the joints, and in the case of the kinematic redundancy of the robot, also on
its configuration. Therefore, the first step is to explore how desired Cartesian impedance can be achieved through
kinematic redundancy (by reconfiguring joints positions) and then in the second step to examine and develop methods for
achieving Cartesian stiffness by changing the impedance of individual robot joints. Finally, we aim at controlling a robot
arm’s impedance and position similarly to humans by combining these two approaches. We will achieve this by applying
methods for the simultaneous position and impedance control at the level of single VSA actuator/joint''.

* G. Grioli and A. Bicchi (2010), “A non-invasive, real-time method for measuring variable stiffness,”.

4F. Flacco, et al. (2012), “On-line estimation of variable stiffness in flexible robot joints.” Int. J. Robotics Res., 31(13), pp. 1556-1577.

> T. Menard. G. Grioli, and A. Bicchi, (2013) “A real time robust observer for an agonist-antagonist variable stiffness actuator,” in

2013 IEEE International Conference on Robotics and Automation. pp. 3988-3993.

6 B, Siciliano and O. Khatib, (2016) *“Actuators for soft robotics,” in Springer Handbook of robotics, J. Fagerberg, D. C. Mowery, and

R. R. Nelson, Eds. Springer. ch. 21, pp. 243-282.

7N. Diolaiti, C. Melchiorri. and S. Stramigioli. “Contact impedance estimation for robotic systems,” IEEE Trans. Robot. vol. 21, no.

5, pp. 925-935, 2005.

® Ajoudani, A., Tsagarakis, N., & Bicchi. A. (2012). “Tele-impedance: Teleoperation with impedance regulation using a body—machine

interface”. Int. J. Robotics Res., 31(13), pp.1642-1656.

? Jovanovié. K.. Lukié. B.. & Potkonjak. V. (2017). “Feedback linearization for decoupled position/stiffness control of bidirectional

antagonistic drives”. Facta Universitatis, Series: Electronics and Energetics. 31(1). pp. 51-61.

10 Jovanovié, K., Vranié, J., & Miljkovié, N. (2015). Hill's and Huxley's muscle models: Tools for simulations in biomechanics. Serb.

. _._‘J.i-ELIecl'tl;-.] Eng.. 12(1). 53-67. o )

LI kie B Jovanovie K. and Sekara T., (2019) Cascade Control of Antagonistic VSA - an Engineering Control Approach to a Bio-
 inspired RQb_bt-: Actuator . Front. Neurorobotics 13:69. doi: 10.3389/fnbot.2019.00069
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A method for optimizing the passive stiffness of a robot's end-effector through an iterative procedure!? is achieved in a
way that passive stiffness (mechanically introduced) is combined with the active one (introduced by control) to obtain the
desired behavior of the end-effector. The disadvantage of iterative procedures is that the (maximum) number of iterations
which will lead to the optimal solution is not known in advance. Furthermore, in order to enable an al gorithm to work in
a real-time, a computer with specific performances (enough computation speed) is required. The need for robot’s
reconfiguration during task execution has already been recognized in the industry when a robot is reconfigured in order
to achieve higher stiffness and consequently higher precision. Initial work done by one part of this project team has been
presented at the RAAD 2019 conference '*. It considers control and optimization of redundant robot’s end-effector
Cartesian stiffness by changing kinematic configuration and has the potential to work in a real-time and rapidly reach
locally optimal solution. This paper was awarded as the best paper in the student category, which proves the quality of
the research as well as the attractiveness of the topic covered in the paper. Furthermore, a promising method for end-
effector stiffness optimization based on machine learning '* has been proposed by part of the project team. The starting
point for optimization will be the continuation of work related to robot reconfiguration using the gradient and motion in
the null-space of the robot'?, where optimization is viewed as a control problem. Also, the extensions of the approach
presented in '* will be considered where joint impedance optimization would be included in the iterative optimization
algorithm. One of the possible optimization algorithms to be analyzed is quadratic programming and its extension to more
complex functions with nonlinearities and constraints - Sequential quadratic programming *.

The impedance planning activities in the project are well covered by existing resources and models. QB robot with 4DoF
driven by a QB Move maker pro VIA (as an antagonistic tendon-driven VIA), an industrial robot (ABB IRB 120) with
the external 6-axes Force/Torque sensor are all available in the laboratory. Within the ECCEROBOT project and the PI’s
doctoral dissertation, software for the simulation model of humanoid robot’s trunk with VIA (antagonistic drive) is
developed and it is at the disposal. Testing of the algorithms within simulations will be implemented in MuJoCo HAPTIX
graphical environment. There is already a model of Panda robot, which is an antropomorphic collaborative robot with 7
DoF, planned for a final evaluation of the contribution of this project. Panda robot and its MuJoCo HAPTIX model which
was developed at the Jozef Stefan Institute in Ljubljana, with whom we have established collaboration and common
bilateral scientific project. The visit of the project team to the Institute Jozef Stefan is planned for the purpose of fast and
efficient training on working with Panda robot. Mentioned collaborative robot does not have VIA actuators, but with the
help of force and torque sensors, it provides the ability to emulate the behavior of the robot with VIA by control.

/:rorm'l
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Figure 2 — Functional scheme of the concept end methodology of robot impedance planning and estimation for control
of a new generation of collaborative robots

Proposed objectives and methods will help to face the outlined challenges resulted from the previous research activities
of the PI and the project team. The interest of Kosta Jovanovic (PI) for physical human-robot interaction and variable
impedance actuators/compliant actuators started during his first project engagement on Embodied in Cognition

12 Petit, Florian, and Alin Albu-Schiffer. (2011) “Cartesian impedance control for a variable stiffness robot arm.” In 2011 IEEE/RSJ

International Conference on Intelligent Robots and Systems. pp. 4180-4186 .
13 Lukié. Branko, et al.(2019) “KUKA LWR Robot Cartesian Stiffness Control Based on Kinematic Redundancy. " Int. Conf. on

Robotics in Alpe-Adria Danube Region. Springer, Cham.. pp. 310-318

14 Nikola KneZevi¢, Branko Luki¢, and Kosta Jovanovié. (2019)Feedforward Control Approaches to Bidirectional Antagonistic
PActhators Based on Learning.” /nt. Conf. on Robotics in Alpe-Adria Danube Region. Springer. Cham pp. 337-345

15 Boggs, Paul T., and Jon W. Tolle. (1995) “Sequential quadratic programming.” Acta numerica, 4: pp. 1-31.
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Compliantly Engineered Robot — ECCEROBOT (2009-2011, FP7 funded project). The role of the ETF team and PI as
project participants was modeling and control of the anthropomorphic compliant robot in contact and non-contact tasks.
The fruitful engagement of the PI on the ECCEROBOT project resulted in 14 publications (4 Jjournal papers with impact
factor). During 2013, PI spent 6 months as visiting researcher at DLR Institute of Robotics and Mechatronics as one of
the leading European groups in VIA (VIA robotic system: DLR hand-arm-system, projects STIFF, Viactors, PHRIENDS,
SAPHARI) where he was engaged in human-like VIA antagonistic system development under supervision of Dr. Alin
Albu Schaffer. P1 is coordinating project of bilateral scientific collaboration between Republic of Serbia and Slovenia (P1
Dr. Tadej Petric) entitled: “Establishing new tools to facilitate new generation humanoid robot capabilities for
collaborative human-robot object manipulation” (2018-2019, Funded by Serbian Ministry of Education, Science and
Technological Development). Within this project Cartesian stiffness control has been investigated intensively and it
presents solid background of involved Serbian researcher for this project — Dr. Marija Radmilovic (Subtask3.1,
Subtask3.3) and Branko Lukic (Subtask2.1, Subtask 3.2). Kosta Jovanovic (P1) was coordinated Horizont2020 cascading
project “Reconfigurable Assembly of Airport Signalization Lights using Collaborative Robots™ (9/2018 — 2/2019, under
ReconCell H2020 project), where involved project members gained significant hands-on experience with collaborative
robot which is important for the experimental section of the project - Branko Lukic (Subtask4.1, Subtask 4.3), Nikola
Knezevic (Subtask4.1), Marija Radmilovic (4.2), and Nenad Jovicic (4.3). At the same time, Dr. Kosta Jovanovic, Dr.
Marija Radmilovic, Branko Lukic and Nikola Knezevic are members of the project “Research and development of
intelligent service robots of anthropomorphic characteristics™ (2011-2019, Funded by Serbian Ministry of Education,
Science and Technological Development) which contributed to the understanding of needs and challenges in service robot
development for human-centered environment. Dr. Marija Radmilovic and Dr. Sofija Spasojevic are members of the
group from Mihajlo Pupin Institute which is involved in the project of bilateral scientific collaboration with the Republic
of China “Next Generation Technology for Ubiquitous Collaborative Robotics (UbiCbot)” (2018-2019) gaining hands-
on experience with collaborative Universal Robots URS. Team expertise is amended with Dr. Sofija Spasojevic’s project
experience in wearable sensors (Task1) on the project of bilateral scientific collaboration with Portugal, Institute Superior
Technico, “COLBAR — Synthesis of collaborative behavior attributes with service robots based on visually-motor human-
machine interaction” (2013-2014) and project of bilateral cooperation with Republic of Slovenia “Advanced Perception
and Learning for Cognitive Heterogenous Robots” (2015). Dr. Nenad Jovicic has reach experience in projects with the
ETF group Biomedical Instrumentation and Technologies - BMIT, just to name the most important BMIT project related
to the project topic — “Human behavioral Modeling for enhancing learning by Optimizing Human-Robot interaction
(HUMOURY)”, very relevant to the Task1. Finally, the best recognition for the research and innovation results and potential
of ETF robotics researchers Dr. Kosta Jovanovic, Dr. Nenad Jovicic, Branko Lukic, Nikola Knezevic is engagement on
two Horizont2020 projects which gathered regional competence centers in robotics to support robotics innovations in
industry: DIH-HERO — Digital Innovation Hubs in Healthcare Robotics (2019-2022, Horizon2020 funded) and DIH? - A
pan European Network of Robotics DIHs for Agile Production (2019-2022, Horizon2020 funded).

1.3. Ambition

The objectives of the project are ambitious. However, we can be confident that most of the objectives will be achieved
since the concept and methodology of the project rely on existing research activities and results (see Section 3.1), and
project experience (see the last paragraph in Section 1.2) of the project team. However, the full concept of a fully
autonomous robot partner which can plan and control the impedance to match its human collaborator (based on the
estimated impedance value) is yet to be reached in the further research, which we hope to contribute significantly in this
project.

Collaborative robots, a technology that has not yet achieved its maximum level of maturity, has been studied by most
researchers in industrial and service robotics. The high potential of the proposed project is the enhancement of physical
human-robot collaboration by improving the safety at the control level and at the level of new-generation, safe, and
efficient actuators with variable impedance introduced passively (actuators compliance). Such a robot will prevent
damage during the impact since the inertia of the end-effector is decoupled from the rest of the robot by elastic element
in the actuator which makes it safer. Furthermore, a robot will be more energy-efficient due to the ability to absorb and
recover energy in elastic elements, and at the same time to outperform the rigid robot in repetitive tasks by exploiting
mechanical resonance as a phenomenon. Although a lot of effort will be invested and project initiated in this field, we
would like to tackle and contribute to the three key challenges: impedance estimators, mapping Cartesian impedance to
joint impedance and kinematic configurations, and human-like impedance with the aim to achieve efficient human-robot
collaborative tasks.

Finally, we would like to point out the main concepts and approaches to be developed within the project which have not
been presented in the research community with a success so far. Firstly, although a large number of papers were published
and research has been done in stiffness/impedance control, they are almost exclusively done either in the open-loop or
information about the stiffness is provided by the mathematical model. The main reason for it lays in the fact that

_impédatice is not a measurable variable, so reliable and fast impedance estimators are primarily needed for the successful
' control of impedance. While there are recent results of stiffness estimation, almost no work has been done about VSA
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damp_ing estimation, so we are confident that our project idea of exploiting abundant observer theory can significantly
contribute to the research society. The knowledge of stiffness, damping terms and impedance in total would affect
positively the development of closed-loop impedance control laws, increasing the overall safety and efficiency of future
factories. Secondly, physical interaction shaped through Cartesian impedance between robots and environment can be
obtained by exploiting active compliance (compliance introduced by impedance control, such as Hogan'’s). In this project,
we will take advantage of the increasing trend in the design and control of VIAs and set the desired Cartesian robot
stiffness by changing robot joint positions (in order to keep the end-effector position unperturbed we will exploit
redundancy) and joints” impedances which are variable because of VIA. Although this approach was introduced on the
conceptual level and has a lot of constraints by Albu Schaffer', computer hardware and software resources and new
methods in control of VIA now allow us to execute impedance planning for robots with passive compliance. Methods
which we aim to use in the project, and which should support the real-time implementation are explained in Section 1.2.

The specific ambition of the proposed research is to profile the project group as a respectable group in the area of
impedance planning and estimation. With proposed project results, gained additional knowledge during the project
execution, and already significant presence of the group members in European robotics community, we are very confident
about the potential the project group will have on the European level for shaping the further research in collaborative
robotics and physical human-robot interaction as a core competences to factories, hospitals and homes of the future.

2. Impact

2.1. Expected impact

Although the project topic itself should provide new perspectives and opportunities to human-robot interaction as a
foundation for breakthroughs in science and industry, it impacts probably, even more, the Serbian scientific community
for gathering young researchers in the promising field of robotics. Project members are from two leading robotics
institutions in Belgrade (ETF and IMP) and they are researchers with European perspectives due to already significant
track on research visits to renowned robotics group (at DLR, TUM, Uni of Kaiserslautern; Jozef Stefan Institute, Toronto
Rehabilitation Institute), project collaborations (with University of Twente, Fraunhofer IPA, ETH Zurich, Italian Institute
of Technology, Imperial College London, VTT Finland, etc.) and dual PhD degrees between ETF and important European
robotics institutions (Marija Radmilovic, Sofija Spasojevic). The project team is built on joint activities of the researchers
on project and publications, but this project is unique opportunity to exploit their knowledge and establish national
competence center in human-robot interaction and collaborative robotics as a promising area of research impacting the
industry, healthcare, and everyday lives. Combining biomedical engineering (human behavior/motion analysis) and
robotics will create a new knowledge base and open new possibilities for learning techniques and artificial intelligence
which are at the moment out of the scope of this project. Built on the origins of famous Belgrade School of Robotics!’
lead by Academicians Miomir Vukobratovic and Rajko Tomovic in the 1970s and Academician Dejan Popovic and
Veljko Potkonjak in 1990s who are still active scientific leaders in the field supporting the group, the group will easily
reach its recognition and reputation in the robotics community. With already respectable visibility of the PI on EU projects
(2 Horizon 2020 IA, 2 Horizon cascading), and very reach international connections of the researchers (research stays
and dual PhD degrees) with reputable European institutions who are project leaders in VIA, soft robotics, industrial,
service and healthcare robotics, and gained additional knowledge during the project execution, the group will have
significant EU project consortium potential since the project targets impedance estimation and planning as a
complementary field of research towards next-generation collaborative robots driven by VIA as well as factories,
hospitals, and homes of future. Finally, the impact of the project and establishing the group around it, could provide new
opportunities for next-generation roboticists in Belgrade and prevent brain drain (or even reverse it) which was present
in last year in Serbian robotics (5 researchers left from ETF and IMP to ETH Zurich, EPFL Lausanne, KTH Stockholm).

With the recent trend of development and control of variable impedance actuators (VIA) in scientific community
evidenced in EU projects and number of publications (see Paragraph 1 in Sectionl.1), and industry needs for more space-
requiring, inherently safe but still fast and precise robots, there are no doubts that the next generation of collaborative
robots will be driven by VIA. Concerning robot impedance estimation, it will mainly and crucially influence the
development of novel control laws when the loop is closed on impedance. As previously noted, impedance is not a
measurable quantity and this fact has decelerated the progress of system control theory in the field of soft robotics. To the
best of our knowledge, there have been no experimentally validated control laws when joints® stiffness or damping are
known in real-time. However, if we would empower the scientific community with the tool of impedance estimation, we
will witness a great expansion of control laws applied to soft robotic systems and, consequently, robots with the ability
to perform tasks exceptionally in terms of dexterity, energy-optimization, and safety. With more demanding requirements

_ 1% A Albu-Schaffer, M. Fischer, G. Schreiber, F. Schoeppe and G. Hirzinger (2004). “Soft robotics: what Cartesian stiffness can obtain
“Twith passively compliant, uncoupled joints?,” JEEE/RSJ Int. Conf. on Intelligent Robots and Systems (IROS) Sendai, pp. 3295-3301
17 M. Vukobratovic (2000), “Belgrade School of Robotics™. Facta Universitatis: Series: Mechanics, Automatic Control and Robotics
2(10), pp1349 - 1376
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in healthcare and industry, efficient impedance estimations will be necessary, outperforming models provided by
manufacturers, as those might not suit the actual impedance due to exploitation. Then, the industry will be the first
to benefit from superior robots that can work safely side-by-side to humans. Besides, methods and knowledge base in
human impedance estimation will allow new studies in ergonomy of workplaces, but even more behavior pattern of
humans as collaborators of robots which should adjust their behavior for efficient and safe human-robot collaborative
tasks. On the other hand, the insight of the robot’s impedance estimation will benefit to the research of human arm’s
impedance by yielding the ideas for necessary sensor information. Even more significantly, it will allow healthcare robots
to be better rehabilitation partners adjusting impedance to support and follow different level in the rehabilitation process.
And on the top of the project impacts to the healthcare, development, and adoption of surgical robots is directly related
to robots’ ability to plan, estimate and control the impedance of the end-effector. With Panda robot as a leading
collaborative robot running on robot operating system (ROS), as a standard open-source platform for unification of robots
and robotic components communication and control, new research and education opportunities will be provided for the
project team but also new students and researchers at the institutions. With already existing pieces of equipment (UR5S
robots, QB robot, VIA, force/torque sensors) and new equipment purchased for the project purpose, the group will become
a leading regional research and educational center for collaborative robots and human-robot interaction. These promising
research areas will significantly upgrade the competences in robotics where PI’s institution and his research group has
already been recognized as the regional competence center (DIH) in industrial (H2020 project DIH?) and healthcare
robotics (H2020 project DIH-HERO).

2.2. Dissemination of results

Since the proposed research has two main target groups: science and industry, dissemination of results will be primarily
focused to them, but also available to practitioners and wider audience interesting in the development of the robotics as a
technology. Research achievements will be presented (as also planned in the project budget) to the national science
community at ICEETRAN conference as a leading conference with robotics section in Serbia (June 2020, June 2021), to
leading regional robotics conference Int. Conf. on Robotics in Alpe-Adria-Danube Region RAAD (Poitiers, France in
July 2020; Linz, Austria in July 2021) as well as at one of the leading global conferences in robotics IEEE Intelligent
Robots and Systems IROS (Prague, Czech Republic on October 2021). It is expected that three main research direction
(knowledge acquisition on human impedance, impedance estimation and planning) result in three journal papers which
will be submitted to leading journals with scope in robotics and biomechanics which will be selected as either open access
journals or journals with possibility for publishing with open access rights in compliance with European initiative for
open science. One of the papers will present data collected on human impedance estimation (Subtask1.3) as an open data
set for research on human-robot interaction, the second will be focused on novelties in robot impedance estimation, and
the third one will present algorithms for Cartesian impedance planning by redundant robot reconfiguration and shaping
of joint stiffness. Since the experimental evaluation of the algorithms will be done on URS5 (Subtask4.2) and Panda robot
(Subtask4.3) in ROS (open source meta operating system), the results will be also uploaded freely available to ROS
community for others to collaborate, contribute and reuse results, building the reputation of our project team in this fast-
growing community. The project results will be communicated to the industry through the communication channels which
are being built by European leading competence centers in robotics within ongoing Horizon 200 innovation actions with
participation of ETF as a regional competence center. Within DIH?, project MARKETPLACE has been set up which will
serve to present best practices and prospective research results primarily to companies in agile production
(manufacturing). Within DIH-HERO project an Online Service Catalog has been set up by the consortium members to
expose research achievement which can advance current level of European healthcare robotics. Participation of ETF in
these two EU projects will significantly contribute to possibility to present project results to manufacturing and healthcare
industry across Europe. Furthermore, since leading European research institution is involved in MARKETPLACE and
Online Service Catalog, they will be aware of the project achievement which we find very important for future European
project activities. Research results will be also presented to local industry, education sector, and wider audience at fairs
where our group and institutions (both ETF and IMP) take part annually: International Fair of Technology and Technical
Achievements (May) and Fair of Education (October). Project roll-ups and flyers are planned for fairs and conferences in
the project budget. Finally, as explained in the first paragraph of the Section 2.1 the group of Belgrade roboticists from
two leading institutions will be gathered and the website will be launched to promote primarily the group results,
competencies and potentials, but also the project results.

3. Implementation

3.1. Credentials of PI and members of Project team

Thanks to the constant support of his mentor, prof. Potkonjak, Kosta Jovanovic (PI) had an opportunity_ to work on EU
projects in robotics from the very first professional engagement (FP7 project ECCEROBOT, 2010), and since than he has
been constantly involved in project activities and even coordinating local group activities (two Horizon 2020 1A for

- inpovations in industrial and healthcare robotics, two more Horizon 2020 cascading grants regarding use of collaborative
-* robots). Although PI finished his Ph.D. in 2016, he has already published 11 papers in journals with impact factor and
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has significant citations for the age of 33 — more than 500 (source Google Scholar) or 300 (source Scopus). During his
Ph.D. studies, he was visiting researcher at Technical University of Munich (2 months) and DLR Institute of Robotics
and Mechatronics (6 months) which was at the same time pioneering institution in collaborative robotics contributing to
the first collaborative KUKA robot. His research interests (all verified in publications) are modeling and control of
compliant robots in contact and non-contact tasks. In this field of research, he has already supervised six Ph.D. thesis (one
finished, five ongoing). He has been awarded for his academic and scientific work from his Faculty - best graduate student,
University of Belgrade - the best student research paper in technical sciences at University, Nikola Tesla Foundation -
Junior Achievement Award for the outstanding achievements of young people, as well as 4 best paper awards at domestic
and international conferences in robotics. He was also awarded as the best Serbian young scientist by SUPERSTE and
YOUTH HERO portals and finally awarded by American Chamber of Commerce in Serbia for Excellence in Serbian
Society (category: Science and Education). PI has already successfully organized Special sessions “Advance in Human-
Robot Interaction™'®, at 28" RAAD conference in Kaiserslautern, Germany and Special issue “Human-Like Advances in
Humanoid Robotics: Motion, Actuation, Sensing, Cognition and Control” in Frontiers in Neurorobotics journal
(IF=3.000), both very relevant for the project. Dr. Marija Radmilovic (P1) gained her Ph.D. (2018) in bilateral degree
between Ecole Centrale de Nantes (France) and University of Belgrade, under co-supervision of project PI. The topic of
her Ph.D. degree, as well as key publications, are based on dual-arm robot manipulation inspired by human skill with
extensive record in human motion planning and tracking (relevant for Subtask1.2 - look at Table3.2), robot manipulation
tasks planning based on the inversed kinematic and inverse optimal control (3.1, 3.3). Dr. Sofija Spasojevic (P2) gained
her Ph.D. (2018) in bilateral degree between Institute Superior Technico (Portugal) and the University of Belgrade with
the topic of quantitative human movement analysis using wearable sensors in rehabilitation where the impedance is one
of the important indicators (1.1, 2.2). For this research, she was awarded Silver best researcher award at International
Workshop on New Trends in Medical and Service Robotics in 2018. Branko Lukic (P4) is a Ph.D. student (PI is a
supervisor) in the field of Cartesian impedance control and simultaneous stiffness and position control of VIA (2.1, 3.2)
working on QB robot (4.1) and 7DoF collaborative KUKA robot as target systems (4.3). His research work has already
been proven in publications with the most significant award — young researcher award for work on new approaches to
Cartesian control by RAAD2019 conference (2.1, 3.2). Nikola Knezevic (P5) is a freshman Ph.D. student and teaching
assistant (PI is supervisor) in the field of collaborative robot and impedance control based on learning techniques (3.1,
3.3) verified already with first publications. Dr. Nenad Jovicic (P3) gained his Ph.D. at the University of Belgrade (2013)
in electronics applied in biomedical engineering. In his career, he participated in a number of projects in wearable sensors
where he was leading hardware and software design researcher (see project history in the biography). Although his main
contribution to the project according to his reach practical experience is experimental activities, he has very solid
publication record with papers on development of wearable sensors in reputable journals and more than 150 citations
(source Scopus). All project members have significant history of working on joint projects and European collaboration in
the field of collaborative robots, robot control, motion planning and tracking, wearable sensors and related project topics
which are considered as one of the strongest points of this proposal (please see last paragraph in Section 1.2). The project
team is very young (age PI-33, P1-32, P2-32, P3-42, P4-29, and P5-26), but very competent for the proposed research
since all involved researchers have very focused research track in the field of their project engagement from the beginning
of their career: physical human-robot interaction (PI, P1, P4), robot and VIA control (PI, P4, P5), human-like motion
planning (P1, P2), biomedical engineering focused on wearable sensors (P2, P3) and motion tracking (P1, P2).

3.2. Implementation plan

The implementation plan of the project has three partially correlated lines of activities and a comprehensive experimental
evaluation section which make four tasks in total. TASK1 - Assessment of human impedance, considers tools, scenarios
and finally an experimental section with knowledge acquisition about impedance behavior of humans. The role of the
TASKI1 is twofold: as a reference point for robot impedance planning and as a tool for efficient human-robot collaborative
tasks. TASK2 — Robot impedance estimators, aims to reconsider and propose new methods for estimating mechanical
impedance of the robot which is not a measurable parameter, but still a key one to control physical robot interaction. The
role of TASK2 is also twofold: to develop instruments which will enable the development of advanced closed-loop
impedance/stiffness control and to enable tracking of achieved values of the desired Cartesian robot impedance and
consequently joint impedance. TASK 3 - Robot impedance planning will exploit current level of hardware (variable
impedance actuators, fast robot controllers) and software/methods (optimization techniques) to plan kinematic
configuration and joint impedance of the robot necessary to achieve desired Cartesian impedance while preserving the
desired Cartesian position. The role of TASK3 is to develop algorithms for Cartesian impedance planning based on either
kinematic reconfiguration of a redundant robot through the null space or planning in robot joint stiffness or a combination
of both. TASK 4 - Experimental evaluation of robot impedance planning and estimation, will verify the outputs of TASK1,
TASK?2, and TASK3 on real collaborative robots (which are able to emulate variable mechanical impedance by control)
and robots with VIA (prototypes of new generation collaborative robots). The following paragraphs explain the work plan
with the description, resources, and outputs of each of Subtasks, while methods are explained in previous Section 1.2.
Checkpoints (milestones) and deliverable documents resulting from specific tasks are pointed out as well.
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TASK1 (M1-M15) — Assessment of human impedance (Milestones: MI.1 — M7, M1.2 — MI5, Deliverables: DI1.1 —
M9, D1.2 — M15)

The aim of the task is to provide human-like impedance behavior of a robot. Although a lot of research effort has been
invested, projects are done and papers are published about Cartesian impedance robot control and variable stiffness
actuators, stiffness planning guidelines are still missing. This task will comprehensively investigate Cartesian and
corresponding joint impedance behavior of humans together, as a reference point for robot impedance planning and a tool
for efficient human-robot collaborative tasks based on understanding and predicting human actions

Subtask 1.1 (M1-M9) — Human impedance estimators: Estimating human arm’s impedance without actively perturbing
the observed arm has been a great challenge since we are physically unable to obtain information crucial for the estimation.
Compared to robots, where we are able to access and measure internal variables, such as electrical drive position and
velocity, it has been so far impossible to evaluate the length of human muscles in real-time. Actually. only the position
and velocity of joints such as elbow and wrist are measurable. Until now, stiffness of the joint has been calculated by
applying external force to the arm and measuring the change of joint’s position, but that solution is not acceptable for
most delicate use-cases as it significantly impacts human’s movement. The alternative solution offered offline
identification of stiffness model, which turns out to be particular for each human. Leaning on our knowledge we will
propose new approaches to human'’s joint and Cartesian impedance estimation with the objective to make a generalized
solution. Subtaskl. 1 specific resources: -. | Subtaskl. 1 staff (SPM): Sofija Spasojevic — 6.4PM, Nenad Jovicic — 1.6PM.
/ Subtaskl.1 output: two different stiffness estimators for human’s stiffness assessment will be proposed — one will be a
solution already available from the state-of-the-art (with possible enhancements) and one will be a new solution proposed
by the authors though the project activities.

Subtask1.2 (M3-M12) — Development of scenarios for assessment of human impedance: Humans perform interaction
tasks with ease and precisely by modulating its mechanical stiffness. It is intuitively expected and proven in the literature
that co-contraction of antagonistic muscle groups (which is highly related to joint mechanical impedance) depends on
velocity'®, precision®” or high interaction force movements®'. However, the mutual correlation between these parameters
is not well studied and especially not from the point of view of human-like robot impedance planning. Therefore, this
specific has its own objective to design characteristic scenarios (e.r. heavy/light object manipulation tasks, tasks with
impact force, tasks with different velocity levels, tasks which require different precision levels, etc.) which will enable
comprehensive knowledge acquisition phase in the experimental section (Subtask1.3). Although this task is challenging,
we rely on the experience of project member (Marija Radmilovic) who did a similar study for the planning of human
dual-arm manipulation tasks with the aim of generating human-like robot trajectories. Subtaskl.2 specific resources: -./
Subtaskl.2 staff(5PM): Marija Radmilovic (Tomic) — 5PM / Subtaskl.2 output: A document - guidelines, with a
comprehensive list of contact and non-contact tasks for the study of human joint and Cartesian impedance (3D space:
torque-force/velocity/impedance) with correlations between typical task characteristics (interaction force intensity,
impact forces, different velocity or precision levels, elc.).

Subtaskl.3 (M7-M15) — Knowledge acquisition — an experimental evaluation of human impedance: Since
impedance presents force reaction to the motion deviation from the equilibrium trajectory it is not directly measured
parameter, but it will be calculated from the measured forces/torques and motion deviations. Cartesian impedance
characteristics will be acquired by industrial robot ABB IRB 120 which will perform the prescribed motion of its end-
effector which is at the same time Cartesian human position, while 6-axes force/torque sensor will be used to measure the
level of interaction. Related joint stiffness will be estimated from the wearable sensors, where surface EMG measuring
co-contraction of antagonistic muscle groups will be related to joint stiffness while joint motion will be measured by
wearable motion sensors. Activities in Subtask1.1 and Subtask1.2 will establish a solid foundation and enable the start of
the experimental Subtaskl.3 by the M7. (Milestone MI1.1). Subtaskl.l and Subtaskl.2 will partially overlap with
Subtask1.3 to enable subtasks interaction and gain feedback from the experimental section (Subtaskl1.3). Subtaskl.3
specific resources: Wearable EMG/Motion sensors, robot ABB IRBI120 with Force/Torque sensor ATI Axia80 /
Subtaskl. 3 staff{3. 1PM): Nenad Jovicic — 2.6PM, Nikola Knezevic —2.5PM / Subtaskl.3 output: A report on experimental
evaluation of human impedance assessment (3D space: torque-force/velocity/impedance) as a reference point for robot
impedance planning and a tool for efficient human-robot collaborative tasks. The experimental part of - Deliverable 1.2.

TASK2 (M5-M20) — Robot impedance estimator (Deliverable 2.1 — M20)

In this task, we aim at providing innovative solutions for the robot’s impedance estimation. Since little research has been
done regarding this topic, the task has a potential to significantly contribute to the overall safety of physical human-robot
collaboration as it will allow the planning and control of the robot’s Cartesian impedance. We will address the Cartesian

19 M. Suzuki, D. M. Shiller, P. L. Gribble, D. J. Ostry (2001), “Relationship between cocontraction, movement kinematics and phasic
muscle activity in single-joint arm movement,” Experimental Brain Research, 140(2). pp. 171-181.

20 N, Hogan (1984), “Adaptive control of mechanical impedance by coactivation of antagonist muscles,” Transactions on Automatic
Control, 29(8). pp. 681-690.

21 C£J. De Luca, B. Mambrito (1987). “Voluntary control of motor units in human antagonist muscles: coactivation and reciprocal

*activation,” Journal of Neurophysiology, 58(3), pp. 525-542.

9



Science Fund of the Republic of Serbia
Program for Excellent Projects of Young Researchers: Project Description Form

impedance estimation of the robot’s end-effector and impedance estimation at the joint level first by reviewing state-of-
the-art results and then by proposing our solutions.

Subtask 2.1 (M5-M16) Cartesian impedance estimation for robots: Initially, the latest results in the estimation of a
robot’s Cartesian impedance will be reproduced from the literature and their performance evaluated. Then, innovative
approach to estimating Cartesian impedance will be developed and tested on the model of a robot with variable impedance
actuation in Matlab/Simulink (MuJoCo software, ECCEROBOT model available) for various use-cases: variable
Cartesian stiffness and constant end-effector position or constant Cartesian stiffness and variable end-effector position).
Finally, the novel method will be implemented and experimentally tested. Experience collected from human’s impedance
estimation (Subtask1.1) will offer a new perspective to possible solutions of this challenge. Subtask2. 1 specific resources:
4 DoF QB robot, Force/Torque sensor ATI Mini45, MuJoCo, ECCEROBOT model / Subtask2.1 staff (6.2PM): Kosta
Jovanovic — 3PM, Branko Lukic — 3.2PM / Subtask2.1 output: two different estimators for robot’s Cartesian impedance
estimation — one will be a solution already available from the state-of-the-art (with possible enhancements) and one will
be a new solution proposed by the authors though the Subtask2.1 activity.

Subtask 2.2 (M9-M20) Joint impedance estimation for robots: Initially, a selection of state-of-the-art observers of
robots’ joint stiffness will be implemented, identifying advantages and disadvantages of each of them. As a next step, a
new method for the joint impedance estimation will be developed and validated on a model of a robot with variable
impedance actuation in Matlab/Simulink (QB move maker pro and the antagonistically-driven actuator models available).
Itis planned to develop in a parallel estimator of stiffness, damping and inertia values, combining it finally into impedance
estimator. Once results are verified in simulation, the estimator will be evaluated on the experimental setup (QB move
maker pro actuator and antagonistic VIA laboratory prototype). Subtask2.2 specific resources: OB move maker pro
actuator, an actuator with antagonistic drives - laboratory prototype, Force/Torque sensor ATI Mini45 / Subtask2.2 staff
(6.2PM): Sofija Spasojevic — 6.2PM / Subtask2.2 output: two different estimators for robot's joint impedance estimation
— one will be a solution already available from the state-of-the-art (with possible enhancements) and one will be a new
solution proposed by the authors though the Subtask2.2 activity.

TASK3 (M1-M22) — Robot impedance planning (Milestone 3.1 — M12, Deliverable 3.1 — M22)

This task opens several research points of great importance for safe physical human-robot interaction. First, we will give
the answer on how to plan the desired impedance of the end-effector (or its static component - stiffness) in order to
properly match the application of robot, for which we will draw the inspiration from the human impedance planning. As
a main research point of the project, we will consider a way to obtain the desired Cartesian impedance by properly
exploiting robot’s kinematic configuration, redundancy of kinematic degrees of freedom and joints” stiffnesses. Due to
the actuator limitations and joint stiffness range, this challenge becomes an optimization problem with nonlinear
constraints, that has to be run in real-time.

Subtask3.1 (M1-M12) — Investigation on the influence of a robot kinematic configuration to Cartesian stiffness:
The influence of the kinematic redundancy of the robot with constant (but limited) joint stiffness to Cartesian end-effector
stiffness (impedance) will be studied. Since ensuring the end-effector position is the primary objective, robot null-space
will be explored to Shape Cartesian stiffness. Joint motion range will be also considered in the Subtask. Subtask3. !
specific resources: Computer with a fast processor for optimization solving tasks MuJoCo software. / Subtask3.1 staff
(5.5PM): Marija Radmilovic (Tomic) — 3PM, Nikola Knezevic — 2.5PM /Subtask3.1 output: The algorithm for Cartesian
stiffness shaping using kinematic redundancy of robot.

Subtask3.2 (M1-M12) — Investigation on the influence of joint stiffness to Cartesian stiffness of a robot: The
influence of variable stiffness (impedance) in joints driven by VIA in static robot configuration to Cartesian end-effector
stiffness (impedance) will be studied. Since different joint stiffness levels influence the kinematic performance of the end-
effector, this will be a topic of investigation as well. Due to limitations in mechanical design of VIA, joint stiffness range
will be also considered in the Subtask. Subtask3.2 specific resources: Computer with a fast processor for optimization
solving tasks, MuJoCo sofiware. / Subtask3.2 staff (7PM): Kosta Jovanovic — 2PM, Branko Lukic — 5PM / Subtask3.2
output: The algorithm for Cartesian stiffness shaping based on joint stiffness control.

Subtask3.3 (M9-M22) — Investigation on overall Cartesian stiffness shaping: The subtask will be performed on the
top of Subtask3.1 and Subtask3.2, as well as gained knowledge of human impedance planning (TASK1). Combining the
kinematic redundancy (with limited joint motion range) and variable joint stiffness (with limited stiffness range) the
problem will be considered as an optimization problem with nonlinear constraints, which should result in an algorithm
for overall Cartesian stiffness planning with the possibility of real-time execution. Subtask3.3 specific resources:
Computer with a fast processor for optimization solving tasks, MuJoCo software ./ Subtask3.3 staff (7.4PM): Marija
Radmilovic (Tomic) — 5.4PM, Nikola Knezevic — 2PM / Subtask3.3 output: The algorithm for overall Cartesian stiffness
shaping which combines kinematic reconfiguration and joint stiffness planning.

TASK4 (M13-M24) — Experimental evaluation of robot impedance planning and estimation (Deliverable 4.1 — M24)
The aim of this task is to verify project contributions on three real robots by thorough hands-on experience. Each of robots
has its own characteristics and therefore it is important to verify the efficiency of human-like stiffness planning (TASK1
output),-achieve good stiffness planning — mapping between desired robot Cartesian stiffness and joint stiffnesses and
Lpositions (TASK3 output), which will be estimated based on TASK2 output. Furthermore, each robot has its own
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limitations - joint position and stiffness range as well as methods for a simultaneous Joint position and stiffness planning
(QB robot has variable impedance actuators URS and Panda emulate variable impedance by the control system).
Subtask4.1 (M13-M18) - Experimental evaluation on 4DoF QB planar robot with variable stiffness actuators: The
experimental verification starts with QB planar robot to allow stiffness planning and estimation in the reduce 2D space.
However, both redundancy and variable stiffness QB actuators enable comprehensive evaluation, while easier
computation and ensuring real-time implementation of the algorithms developed in TASK3. Simultaneous position and
stiffness control of the robot’s QB move maker pro actuator can be used from previous authors work. Subtask4. I specific
resources: QB robot, 4DoF robot with variable stiffness actuators, Force/Torque sensor ATI Mini45 / Subtask4.1 staff’
(6.6PM): Kosta Jovanovic—1.4PM, Branko Lukic—3.2PM, Nikola Knezevie-2PM / Subtask4. | output: Evaluation report
- TASK2 and TASK3 outputs on 4DoF OB planar robot with variable stiffness actuators.

Subtaskd4.2 (M16-M24)- Experimental evaluation on 6DoF collaborative robot URS: The experimental verification
on 6DoF collaborative robot of anthropomorphic structure. Project team members have experience in URS5 robot
programming and control and since it is programmed in ROS interface, the activities of this task will help efficient final
evaluation activities in Subtask4.3 since very similar ROS interface is used. Both stiffness estimators (TASK2 outputs)
and stiffness planning algorithms (TASK3 outputs) will be verified. Subtask4.2 specific resources: Robot URS, 6DoF
collaborative robot arm; Robotiq FT300 Force/Torque sensor, ROS haptic interface / Subtask4.2 staff (6PM): Sofija
Spasojevic — 3.4PM, Marija Radmilovic (Tomic) — 2.6PM / Subtask4.2 output: Evaluation report - TASK2 and TASK3
outputs on 6DoF collaborative robot URS.

Subtask4.3 (M16-M24) - Experimental evaluation on 7DoF anthropomorphic collaborative Panda robot: The
experimental verification on 7DoF collaborative robot which faithfully resembles the structure of the human arm.
Therefore, outputs of TASK1 will be used as a reference point of Panda robot impedance and it will be tested with
impedance estimation and planning methods developed in TASK2 and TASK3. ROS haptic interface will be used in
parallel with Subask4.2. Researchers already have some experience in working with Panda robot during the
implementation of a bilateral scientific project between Serbian and Slovenian team, but a short visit of the researchers
engaged in Subtask4.3 to Jozef Stefan Institute for gaining additional experience is planned (month M15) in the project.
Subtask4.3 specific resources: Panda robot, 7DoF collaborative robot for research, ROS haptic interface / Subtask4.3
staff (10PM): Kosta Jovanovie—2.6PM, Branko Lukic—4.6PM, Nenad Jovicie—2.8PM / Subtask4.3 output: Evaluation
report — TASK1, TASK2 and TASK3 outputs on 7DoF anthropomorphic collaborative Panda robot,

Engagement of members of the project team (Table 3.1), list of tasks/subtasks (Table 3.2), as well as a detailed description
of milestones (Table 3.3) and deliverables (Table 3.3) follows.

Table 3.1. Members of Project team.

ID Name and family name Scientific institution :19(:'1?:[?;
PI [Kosta Jovanovic Univ. of Belgrade— School of Electrical Engineering (ETF) 24
P1 Marija Radmilovic (Tomic) Institute Mihajlo Pupin (IMP) 24
P2 [Sofija Spasojevic Institute Mihajlo Pupin (IMP) 24
P3 [Nenad Jovicic Univ. of Belgrade— School of Electrical Engineering (ETF) 22
P4 |Branko Lukic Univ. of Belgrade— School of Electrical Engineering (ETF) 24
P35 [Nikola Knezevic Univ. of Belgrade— School of Electrical Engineering (ETF) 22
Total person-months| 140 |

Table 3.2. Tasks (task descriptions are given in the main text of the Implementation plan section).

Tazf:[:ll?: :Sk Task/subtask title !:::::;th mlf)llll(tlh Members of Project team ::::;:E;
Subtaskl.l [Human impedance estimators M1 M9 i{iﬁﬁjiﬂﬁi}i:‘ii?;:ﬂipm, 8
Subtask1.2 E;;ﬁ‘i’;‘";‘;‘l;ife“m“ for assessment of | 5| M12 |Marija Radmilovic - SPM 5
R e TR
Subtask2.1 [Cartesian impedance estimation for robots M5 | MI16 g?;’;ﬁ;?ﬁ;ﬂc{;ﬂd’ 6.2
Subtask2.2 Joint impedance estimation for robots M9 | M20 Soﬁj:? Spasoif:vic.— 6:‘2PM 6.2
Subtaska. 1 L configurtion'to Cartestan stifiess | M1 | M2 Nikola Knozevio=25PM | 53
Subtask3.2 [ s sifnessofaroboi | ™M1_| M2 Branko Luidee sPM 4

A '--Silbjzfskﬁﬁ lsg;f)?rtliggétion on overall Cartesian stiffness MO | M22 giitgjlz; I;i(it;‘l;(]):f Q—PSJPM, 74
BFJOrpaI A 11
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Subtaskd4.1

robot with variable stiffness actuators

2 ; Kosta Jovanovic — 1.4PM
IExperimental luat 4DoF 3
P o¥ alan on s OB QB PIAMAE | iy | NAW Branko Lulde— 30PN

INikola Knezevic — 2PM

Experimental evaluation on 6 DoF Sofija Spasojevic — 3.4PM,
SUBtE 2 LollsbosativeiohobURS MG | M2 b s Badmilovic - 2 6RM

Subtask4.3 Experimental evaluation on 7DoF

nthro hic collaborati
ra pomorphic collaborative Panda robot Branks Lukic —4.6PM.

Kosta Jovanovic — 2.6PM,
M16 | M24 [Nenad Jovicic —2.8PM,

Table 3.3. Milestones.

ID

Milestone Task/subtask Due

Milestone name
number month

Means of verification

Subtask1.2; input section (Subtask 1.3)
for Subtask 3.1

MI1.1 |Protocol for experimental evaluation of Outputs of M7 Results of the milestone will be
human stiffness (input for Subtask 1.3). | Subtaskl.l and verified through the experimental

(Subtask3.1 output) and joint stiffness Subtask3.2 Subtask1.1 and
(Subtask3.2 output) for enabling the start
of experimental evaluation on robots done in TASK4.
(input to TASK4).

M3.1 [The algorithms for Cartesian stiffness The output of M12 [The algorithms will be verified in
shaping using kinematic redundancy | Subtask3.1 and simulation experiments

within

Subtask1.2;

Verification on the hardware will be

planning in typical scenarios (input to in  experiments

DoF / 7 DoF robot resembling the
structure of the human arm).

Table 3.4. Major deliverables.
Deliver

able ID Deliverable name and description

M1.2 Data set: Human stiffness patterns as a Output of MI15 [Simulation experiments with 6DoF and
reference point for robot stiffness =~ Subtaskl.3 7DoF robot models which will be used
Subtask4.
TASK4 — Subtask4.2 / Subtask4.3: 6 Subtask4.3.  Verification

2/

on the
hardware will be done in TASK4:
Subtask4.2 / Subtask4.3.

Task/subt
ask

Month

Dl.1

Report on human stiffness estimators (for Cartesian and joint stiffness) — The report will
present and compare state-of-the-art human stiffness estimators from the literature and new
ones developed within the project. The state-of-the-art estimators will be used for
benchmarking of newly developed estimators. Special purpose of the document is to support
TASK2 where stiffness estimators for robots are considered.

TASK1 /
Subtask]
1

M9

D1.2

Report on human stiffness assessment (3D space: torque-force/velocity/stiffness) as a
reference point for robot stiffness planning and a tool for efficient human-robot collaborative
tasks. — The aim of the report is to present guidelines for human-like stiffness planning for
robots. It will present a comprehensive study about approaches and methods to human stiffness
lestimation, elaboration on typical human tasks and motion which are subjects of robotization,
land finally create reference robot behavior patterns inspired by human motion.

TASK1

MI15

D2.1

F{eport on robot stiffness estimators (for Cartesian and joint stiffness). - The report will present
and compare state-of-the-art robot stiffness estimators from the literature and new ones
developed within the project. The state-of-the-art estimators will be used for benchmarking of
newly developed estimators.

TASK?2

D3.1

Report on stiffness planning algorithms: for redundant robots with fixed joint stiffness
(Subtask 3.1 output), for robots with variable stiffness (Subtask 3.2 output), and for overall
Cartesian stiffness planning (Subtask 3.3 output). — The report will present guidelines for
mapping between desired Cartesian robot stiffness and joint stiffness and joint position space.
The document will provide a tool for the design of reference trajectories for simultaneous
stiffness and position control of variable impedance (stiffness) actuators.

TASK3

M22

D4.1

Report on experimental evaluation of proposed stiffness estimators and stiffness planning
methods on different robot platforms with variable stiffness. — The report will present a
comprehensive evaluation of the project results - methods for robot impedance estimation and
planning. The methods will be initially tested on 4DoF QB planar robot with variable stiffness
actuators, and then move to 6DoF and 7DoF collaborative anthropomorphic robots which

TASK4

M24

“icould emulate human motions in 3D space.
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3.3. Risk management

Although the Implementation Plan has been developed in a comprehensive discussion between the project team and
ijec‘f activities are set on methods and concepts which are familiar to project members, we are aware of possible risks
in the project implementation. Although we have tried to minimize the risk during the project planning, some of the issues
cannot be resolved for sure before the implementation due to high project ambitions. The issues are listed in Table 3.5.

Table 3.5. Risk management.

Summary
Risk Description | Risk management actions to be undertaken by team members or Scientific raiing ot
‘assessmem of the risk institutions - risk :
high/medium
Nlow
Description | Real-time implementation of impedance planning algorithm which combines
of the risk kinematic redundancy and variable joint impedance (Subtask3.3 output).
Muiodolo If the current level of computer (controller) resources in TASK4 are not
ik Actions to . sufficient for tl?e rf.:al-tlme calculation; the p_rrob]em h_as to be reduced to medium
be impedance planning in 2D space, and/or algorithm applied to less DoF of the
undertaken robot. Alternatively, the algorithms from Subtask3.1 and Subtask3.2 could
be amended to partly encounter Subtask3.3 implementation.
MI.1 not completed on time. M1.1 is based on Subtaskl.1 and Subtask1.2
Description activities (not the whole subtasks) and it is necessary for the start of
Timing, | ofthe risk experimental activities in Subtask1.3. Delay in M1.1 could affect delay in
mileston M1.2 which is input to Subtask4.2 and Subtask4.3
es, and Although these time-critical subtasks which significantly influence other low
delivera | Actions to project activities, if the delay happens some reallocation of research efforts
bles be has to be done. Researchers engagement between Subtask4.2 (Marija
undertaken | Radmilovic) and Subtask4.3 (Nikola Knezevic) will be again redistributed
with their simultaneous Subtask3.3 activities.
" i One of the project team members left the Scientific institution engaged
Particip | Description ; ; S :
atizand | ofihenak and/or project. Imp]emeptatmn plan and‘objecnves are planned according to
eientif the project team expertise and experience. _
: Retadis Team replacement will be done by Ph.D. students from the PI’s laboratory medium
Sl (there are three students who are not engaged in the project). Research topics
instituti be : : 5 3
o - of Ph.D. students are in the domain of PI’s expertise on VIA and robot
control, so they could face challenges after some effort.
Description | Panda robot procurement delayed, due to high demand for Panda robot for
of the risk research institutions on the market
In the case of the delay, the algorithms will be implemented on the existing
T ) Panda robot at Jozef Stefan Institute (JSI) in. Ljublj ana. Travel o_f ?:he project .
nf Actions to | team members to JSI is already planned during the project. Additional costs medium
be of a prolonged stay of the project members at JSI, in the case of Panda robot
undertaken delay, for an experimental session with Panda will be covered by PI's
institution (see Statement of commitment). Alternatively, evaluation has to
be redistributed to robots QB (Subtask4.1) and URS (Subtask4.2).
Description Wearable sensors, Trigno Avanti Mobile - 4 Sensor EMG + Movement
of the risk Assessment Kits for Research, delay
The wearable sensors kit Trigno Avanti combines wearable EMG and
Movement sensors through the same signal acquisition system which is very
s i convenient for impedance estimation. The alternative wearable sensors
Actions to | which consider separately EMG and motion signals will be used, but signal low
i be processing will require additional effort. The alternative wearable sensors
undertaken resources (ETF: Myo Gesture Control Armband, Goniometer sensors, and
Biometries EMG acquisition system with Biovision EMG amplifiers; and
IMP: Motion capture system MTw-38A70G20 X- Sense, SYNERTIAL IGS
Data Glove).
Description Budget for the Panda robot purchasing is planned according to the offer
Budgeta | ofthe risk valid until the end of September 2019. The price can increase.
ry Actions to The difference in actual costs of Panda robot and budget planned for the low
rissues. be Panda robot purchasing in the project budget will be covered by PI’s
= undertaken institution up to 10.000EUR (see Statement of commitment).
Beorpag 13
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3.4. Resources to be committed

Engcti\:'e. engagement of all researchers in the project team is primarily based on project needs and researchers’
availability. Since some of the researchers have ongoing research and teaching activities the effective engagement was

defined between PI, project members, and researchers’ superiors. The total effort of the researchers is presented in Table
3.6 (see the Gant Chart and Implementation plan for more details).

Table 3.6. Effective person-month requirements.

ID Name and family name Scientific institution perghn-
months
PI [Kosta Jovanovic Univ. of Belgrade— School of Electrical Engineering (ETF) 9
P1 Marija Radmilovic (Tomic) Institute Mihajlo Pupin (IMP) 16
| P2 [Sofija Spasojevic Institute Mihajlo Pupin (IMP) 16
P3 Nenad Jovicic Univ. of Belgrade— School of Electrical Engineering (ETF) 7
P4 Branko Lukic Univ. of Belgrade— School of Electrical Engineering (ETF) 16
P5 Nikola Knezevic Univ. of Belgrade— School of Electrical Engineering (ETF) 9
Total person-months 73

As agreed and stated by the dean/director the following workspace will be available for the project implementation at
both engaged institutions: Univ. Belgrade — School of Electrical Engineering - ETF (ETF Robotic lab: robot ABB IRB
120 & 6-axis Force/Torque ATI Axia80 (Subtask1.3), 4DoF OB robot with VIA (Subtask2.1, Subtask4.1), OB move maker
pro actuator and antagonistic actuator (VI4) — laboratory setup (Subtask2.2); Biomedical Instrumentation and
Technologies lab: Myo Gesture Control Armband, Goniometer sensors, and Biometrics EMG acquisition system with
Biovision EMG aplifiers as alternative pieces of equipment for Wearable sensors Trigno Avanti Mobile (Subtask1.3, see
Table 3.5 risks), and Institute Mihajlo Pupin — IMP (IMP Center for Robotics: 6DoF URS collaborative robot with
Robotiq FT300 Force/Torque sensor (Subtask4.2), Motion capture system MTw-38470G20 X- Sense, SYNERTIAL IGS
Data Glove (Subtaskl.3, see Table 3.5 risks)). For the successful project implementation, the following pieces of
equipment will be purchased with a description of the need: Panda robot, 7DoF collaborative robot for research
(Subtask4.3) is a leading research collaborative robot on the market by company Franka emika. As a 7DoF robot with the
anthropomorphic structure, control in ROS and with open control platform, it is a perfect robot for evaluation of the
methods developed through the project and especially for resembling human-like impedance planning (output of TASK1).
The wearable sensors Trigno Avanti combines wearable EMG and Movement sensors through the same signal acquisition
system which is very convenient for impedance estimation since the impedance is estimated from the time series of both
EMG and motion signals (Subtaskl1.3), 6-axis Force/Torque sensor ATI Mini45 — is necessary because its low size and
weight required for QB robot and actuator since all available Force/Torque sensors are not adequate for QB, fast
processing computers (one for ETF, one for IMP) are necessary for the development of the algorithm (TASK3 — all three
subtasks) since the computation requires solving an optimization tasks, N/ signal acquisition PClexpress card and
corresponding cables and connector block are needed for reliable and fast interface between QB robot and a computer
and therefore needed for Subtask2.1 and Subtask4.1 as accompanying equipment. Additional equipment and services for
this project are research stay at CoBoTaT laboratory at Jozef Stefan Institute to gain knowledge and hands-on experience
of working with Panda robot. As well, longer stays then planned are also welcomed (see the risk of Panda robot
procurement delay in Table 3.5). The availability of the CoBoTaT laboratory and Panda robot are stated by the laboratory
head in the Appendix of the project. For detailed explanation about use of the listed pieces of equipment and related
project activities, please see subsections Concept and methodology and Implementation plan.

Total Project budget is 155.215,45 EUR. The project distribution between ETF (researchers PI, P3, P4, P5) and IMP (P1,
P2) is 65.17% : 34.83%. Net monthly salary is planned in accordance with salary of the researcher at their host institution
increased for 10% to ensure commitment of the researchers at the project. Total salary budget is 57.83% of the total
budget. Indicated travels are necessary to gain hands-on experience and therefore ensure more efficient experimental
session with Panda robot as key equipment for evaluation of project results. Two researchers (engaged in Subtask4.3)
will travel to Jozef Stefan Institute in Slovenia, which is one of the leading institutions for collaborative robotics (Horizon
2020 project ReconCell coordinator) with both Panda and URS robots. Total budget for travel activities is 1.500,00 EUR
(0.97%). Since dissemination of the project results and the group to the scientific community is planned at one leading
global robotics conference (IEEE IROS, Praha, Czech Republic, October 2021), leading regional robotics conference
(RAAD, Poitiers, France, June 2020; and Linz, Austria, June 2021), and leading Serbian conference with session in
robotics (IcETRAN, July 2020 and July 2021) total conference budget is 4.640,00 EUR (2.99%). Visit to conferences is
evenly distributed between project members. Panda robot is key equipment for the project evaluation (Subtask4.3) since
it is 7DoF collaborative robot (redundant, anthropomorphic structure, open control architecture based on ROS, leading
research collaborative robot on the market). Wearable sensor kit Tringo Avanti (surface EMG + Movement sensors) is
“research kit which provides opportunity for human impedance assessment (Subtask1.3) since it gathers time series of
" muscle activities together with joint motions. Panda robot and Wearable sensors kit costs are estimated according to offers
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provided during the project planning. Since the offers are valid until the end of September 2019, PI’s institution declared
to compensate for higher prices up to 10.000 EUR if necessary, to avoid any issues in purchasing of key project equipment
(see Statement of Commitment). Other equipment costs are estimated according to commercial prices at the time of
project submission. Consumables which include both electric consumables (necessary for experimental Subtasks 1.3, 4.1,
4.2, 4.3) and office consumables are given as lumped sum for both involved institutions evenly and 2.400,00 EUR in
total. Total budget planned for equipment and consumables is 23.73% of total project budget. Following the Open science
initiative scientific contribution will be published in Open access articles which costs are estimated accordin g to current
costs with included discount for countries with low GDP as it was experiences by the researchers. Total cost for Open
access publications is 3.400 EUR (2.2%). Services and subcontracting cost estimation is based on good practice of
involved institutions which pays these proofreading services at the listed costs, while forwarded and transportation costs
are based on indicative offer provided by common institutions’ forwarders. Finally, during the project some adjustment
of the robot end-effector will have to be made to integrate force/torque sensors with robots which will be on paid service
including the design of the flanges. Total Services and Subcontracting costs are 2.657,25 (1.7%) Basic dissemination
materials are planned at total costs of 970.34 EUR based on the commercial prices. Total institution overhead costs are
agreed between ETF and IMP according to distribution of total project budget and they are is 9.96% of the total budget.

4, Ethics

Subtask1.3 Assessment of human impedance will involve human participants (5-10 participants in total). The method of
interaction is non-invasive, and it includes non-invasive surface EMG and joint motion tracking in the interaction of
human and robot using a haptic interface. The participation in the experiment is fully voluntary and it will involve health
adults (mostly Project researchers) which will be informed about the consent of the experiment in advance. The
experiment will comply with ethical principles and national and international law and appropriate ethical approval will
be provided. Ethics self-assessment following the common practice of Horizon 2020 is submitted in the attachment.

Table 3.6. Ethics issues table.

1. HUMAN EMBRYOS/FOETUSES YES/NO PAGE
Does the proposed research involve human Embryonic Stem Cells (hESCs)? NO
Does your research involve the use of human embryos? NO
Does your research involve the use of human fetal tissues / cells? NO
2. HUMANS YES/NO PAGE
Does your research involve human participants? YES 6
Does your research involve physical interventions on the study participants? NO
3. HUMAN CELLS / TISSUES YES/NO PAGE
Does your research involve human cells or tissues (other than from Human Embryos/Fetuses, i.e. section 1)? NO
4. PERSONAL DATA YES/NO PAGE
Does vour research involve personal data collection and/or processing? NO
Does vour research involve further processing of previously collected personal data (secondary use)? NO
5. ANIMALS YES/NO PAGE
Does your research involve animals? NO
6. ENVIRONMENT & HEALTH and SAFETY YES/NO PAGE
Does your research involve the use of elements that may cause harm to the environment, to animals or plants? NO
Does vour research deal with endangered fauna and/or flora and/or protected areas? NO
Does your research involve the use of elements that may cause harm to humans, including research staff? NO
7. DUAL USE YES/NO PAGE
Does your research involve items that are normally used for civilian purposes. but may have military NO
applications or may contribute to the proliferation of weapons of mass destruction, or involve other items for
which an authorization is required?
8. EXCLUSIVE FOCUS ON CIVIL APPLICATIONS YES/NO PAGE
Could your research raise concerns regarding the exclusive focus on civil applications? NO
9. MISUSE YES/NO PAGE
Does your research have the potential for misuse of research results? NO
10. OTHER ETHICS ISSUES YES/NO PAGE
Are there any other ethics issues that should be taken into consideration? Please specify! NO

B. Attachments

1. Declarations of University of Belgrade — School of Electrical Engineering (ETF) and Institute Mihajlo Pupir_i (IMP)
about the enrollment of PI and researchers at the institutions, PI credentials, and available workspace and equipment.

2. ETF Statement of Commitment for additional funding to the project (if needed) —in Serbian .
3. . Jozef Stefan Institute, Declaration of Commitment for the availability of its resources for the purpose of the project.
4. Ethics self-assessment following the common practice of Horizon 2020.
5. PowerPoint Presentation of the project.
BGDF pap
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@ont 3a Hayky Peny6inke Cpéuje — [IPOMUC
YroBop 0 (uHancuparsy peamnsaiuje [pojera

Ipusor 3 — Bpemencku oksup Ipojexta (IanTorpam)
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Donn 3a nayky Penybmike Cpouje — [IPOMUC
Yroeop o (uHaHcuparwy peanusauuje [Ipojexra

IIpuaor 4 — Crucax yianoBa TuMa Ilpojexra ykipyuyjyhu u PykoBoanona
ITpojexTa

beorpad |
1l



Ilpuaor 4

Ynan [TpojeKTHOr THMA CBOjHM NMOTMHCOM MIOTB
obase3ama u ozprosopHoctuma Umama I1
HCTOBU/HeHHU nofalu obpaljyj

Donx 3a nayky Peny6muke Cpbuje — [IPOMHC
Yroeop o duHanchpamy peanusanmje ITpojexra

Cnucak yianoBa tuma Ipojexra, 3amocaennx y HAO Yuecnuunma IMpojexra

(Pyxopoaunan Ipojexra u Ynanopn IIpojexTHor THMa)

[TPOMUC.

pbyje na je ynosuar ca caapKiHOM OBOr YroBopa, kao u npasuma,

POjEKTHOr TUMa y peaqn3alujn Ilpojekta W na je carnmacan ma ce

Y Y CBPXY W3BpliaBaa M Haf30pa 0BOr YroBopa, u npahera u aHanuse nporpama

Pykosopunar IMpojexra:

HUO - nocnogagai:

[Tornue PykoBoamoug;

Kocra Josanosuh

Enextporexuuuku gakynrer,
YHuusepsuter y Beorpany

Ko o

Ynan IpojextHor Tima:

HUO - nocnonagair:

[Ilornucu Ynanosa tima:

Mapuja Paamunosuh Tomuh

Hucruryt Muxajno IMynuw,
VYuusepsuter y Beorpajy

L%y}/ o jujcm ’Qu

Mok

2. Bophe Ypykano Hucturyr Muxajio [Tynun,
. VYuusepsurer y Beorpaay M (\L;\\ILR_QAD 1@ o.hok\\
3 Henap Josuumh Enexrporexunuku ¢akynrer, = %
YHusepsurer y Beorpany r’"lf 0‘5 K,
4. Bpanko Jlykuh Enextpotexnuuku daxynrer, 8”" =
Yuusepsurer y Beorpany M‘&f /(yl«uz\
5. Hukona Knexesuh Enexrpotexuuuku daxyrer, # &EM‘S@T
YHusepsurer y Beorpay ]
Osnauhero miue HUO koja je Hocnal npojexta notsphyje aa je Pykosomf_a "_-Hnbjékfha: g
THMa 3anocieH y Toj HUO koja je naBeaena kao HUO - nocnoaasai. [ ctin ot

fon/

g I r_.‘-_(jgnamheﬁo maue HUO,

Hocunau Ipojekra

cBako 3a ceojy HHUO, na je Unan [IpojexrHor
: H;O/mjaje HaBezieHa kao HHO - nocioaasail.

/
Ogiifluhero mue HUO,
g \ VuecHuk I1pojexra

beorpag

P

Osnaurtheno aune HUO,
VYuecHuk llpojekra

XXVI-1I

Ognauheno nuie HUO,
Vuecnuk [Ipojekra



Donj 3a Hayky Peny6anke Cpouje — [TIPOMUC
Yrosop o ¢unancupamy peannsautje [Ipojexra

Ipuaor 5 — Onmrtu nogaun HAO u notepaa o cramy Ha [loceOHuM payyHnma
IIpojexra

EeorpaZj
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@OH/] 3A HAVKY PEINYBJIMKE CPEBHJE
NPOMUC
Obpasan — oNmTH NOJALH 0 KOPHCHHUHMA CPe/ICTABA

1. Hudopmaumuje o npojexty

Mechanical Impedance Estimation and Planning for the Next Generation

Hasus npojexra:
MpOJexT: Collaborative Robots

AKDPOHHM HA3MBA [POjEKTa: ForNextCobot
TlepHon  peaiHsaiyj jer i SCeLTOr -

p JI P ; alMje  npojekta (04 MCCCL/TOIHHA 104025020 - 06/2022
MeCceLyToAHHA )

2. Hndopmanuje o HHO — Hocrony npojexra

Hme u npesume pykoBoaHoLa npojexra: Kocta Jopanosuh

Konrakr Tene(on n nmejn aapeca: 064/2244705, kostaji@etlrs
|Hasus HUO: Yuusepsurer v beorpany - Enextporexnnukm dakynrer
Ajpeca HHO: Bynasap kpaba Anexcanapa 73, 11000 Beorpan

[THE: 100206130

Marnuum 6poj: 7032498

Hme u npesnme ocobe opnawhene 3a sactynamwe HHO: npod. Muno Tomamesuh, nexan

Koutakr Ttenedon w wmejn aapeca ocobe osnawhene 3a

011/3248464, dekanat@etf.r:
sactyname HHAO: 11/3 , dekanat@etf.rs

Hme n MpesHMe JTHLA opnamheHHx 3a MOTIHCHBAE HANOTa

npoth. Muno Tomamesuh, nexan / 1ou, Mapko Bapjaxrapoeuh, npojexaH 3a (uuascHje
Eagn @CHOJT&F&H:EL C-Et‘.;lCTBHMﬂ Ca HU,JE&"I\'H& 5

Konraxkt tenedon u umejn anpeca ocobe 3a NOTIMCHBAaME

Hajora paan Eaunonarama CPEACTBMMA Ca T1onpaiyHa:

011/3248464, dekanat@etfrs / 011/3248464, prodekanzafinansije@etfrs

3sannuna uaTepHet crpannia HHO: www.etf.rs

Bpoj nocebHor noapadyHa y YnpasH 3a Tpe3op: 840-0000007779760-18

3. Hudpopmamuje o HHO — Yuecuux npojexra

3.1. HUO 1 — YyecHuK npojexTa

Hazns HHO: Hucturyt "Muxajno [Tynun" n.0.0. beorpan
Anpeca HHO: Bonruna 15, 11060 Beorpan
iHHE: 100008310

MaTthunn Opoj: T014694

Hue u npesume ocode osnawhene 3a sactynawe HHO: |lTpody. Cama Bpanew, I'enepanuu nupextop

Kontakt TenedoH M mmejn aaspeca ocobe osnamhene 3alPhone: +381 116771 398, +381 11 6772 876
sacTyname HUO: sanja.vranes@pupin.rs

Hme u npeme JiHLa osnamheHx 3a NOTNHCHBAILE HANIOTA

Cnasuua Crojanosuh
Ea;m Eacno:larama CEL‘.EC'E'BHMS Ca NoJapauyHa

¥ [ T OH I. all 00e 33 MOTNHCHBAE| % " 3 -
e i s R 62 8011972, slavica.stojanovic@pupin.rs

HAIOTa Ea.:ll’l “acnoriam}ba cgena‘,‘rsuma Ca noapativHi.

3pannuna HHTEpHeT cTpanuua HAO: WWW.pUpin.rs
Bpoj noceGHor nompauyHa y YIIpaeH 3a Tpesop 840-26723-81 — Institut Mihajlo Pupin

3.2. HUO 2 — YgecHuK npojexra

Hasus HAO:

Agnpeca HHO:

[THE:

Mauunn 6poj:

Hme u npe3sme ocobe ornamhiene 3a sacTyname HHO:

Kowrakt TenedoH m mMejn aapeca ocobe ornamhede 3a
facTyname HHO:

‘ Hme u npesHMe HUA opnamwhednx 3a NOTIMCHBAKE HANOIA

pajad Eacnonarau,a CPENCTRHMA ca nonpavyia




Koutakr tenedos u mmejn agpeca ocobe 3a noTnucHeame
HAJI0ra PATH PACIONATatba CPEACTBHMA Ca MO

3BaHH4HA MHTEPHET cTpannua HUO:

Bpoj nocebHor noapauyHa y Ynpasu 3a Tpe3op

3.3. HHO 3 — Vyecuux npojeicra

Hasne HHO:

Anpeca HHO:

ITHE:

Matiunu 6poj:

Hwme u npesume ocobe osnawhene 3a sactyname HUO:

Kourakr Tenedon u mmejn agpeca ocobe osnawhene 3a
sacTynamwe HUO:

HiMe u npezume muia OBNAWREHMX 33 NOTIMCHEAME HANOrA

EMII Eacnozar‘an,a CEHGTBIIMR Ca HOIIEﬂ‘I}’Ha

Kontakt tenedion n mmejn anpeca ocobe 3a notnucusame
E_'I(!T‘a Paan Eacnmaraﬂsa CPEICTBHMA Ca NOoJApaYvHa;

3Bannuna HHTepHeT crpanuua HHO:

Bpoj nocebuor noapauyHa y Ynpasu 3a Tpesop

3.4. HHO 4 — Yuecnuk npojexra

Hasus HHO

Aapeca HHO:

ITHE:

Manuuu Gpoj:

HMme 1 npesnme ocobe ornamhene 3a sacryname HUO:

Kontakt Tenedon u wumejn aapeca ocobe osnawhene 3a
3actynamwe HHO:

Hme u npeskMe aMua oenamwheHUX 33 NOTNHCHBARkE HANora
8J1H DACIIOJArakha CPEACTBHMA Ca NoapaYvHa

Kontakr Ttenedon u mmejn anpeca ocofe 3a nornHcHBame

HAOra pany pacrnonarata CPEACTBUME CA NOADaYVHA:

3panuyHa HHTEPHET cTpannua HAO:

Bpoj nocebnor noapatyHa y Ynpasu 3a Tpesop




®ony 3a nayky Penyomuke Cpouje — [IPOMHC
Yrosop o gunancupamy peamnsanmje Ipojexra

IIpuaor 6 — UsjaBa Hocuora I1pojexra/Vuecuuxka [Ipojexra o nomrosamy
o0aBe3a

Beorpapg
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Dona sa nayky Penybmike Cpouje — [TIPOMHC
Yrorop o (HaHcHpawy peaiusauuje [pojexra

IIpunor 6-a
N3JABA HOCHOIIA ITPOJEKTA O IIOLITOBAKBY OBABE3A

[lox myHOM MarepujanHOM 1 KpUBUUHOM OAroBOpHOLIy, Kao 3acTynHuk Enexrporexuuuky dakyrer,
Yuusepsurer y beorpany y cojery Hocuona Ipojexra, aajem cnenehy

N3JABY

Hocunau Ilpojexra Enexrporexnuuxu daxyirer, YHuBep3uTer y Beorpany:

1. perucTpoBaH je KOJ HaJUIEKHOI OpraHa, OJHOCHO yIUcaH y oaroeapajyhu perucrap;

2. Hocunai IlpojexTa 1 H€roB 3aKOHCKH 3aCTYMHHUK HUCY OCyhHBaHH 32 HEKO O/ KpMBUYHUX J€JIa KA0 YJiaH
OpraHM30BaHe KpPMMHHAJIHE Ipylle, 3a KPUBHUHA [e/la MPOTHB TMPHBPE/e, KPUBHYHA Jejia NPOTUB KUBOTHE
Cpe/IMHe, HUTH 33 KPUBHYHO JIe710 MPOTUB HMOBHHE;

3. Hocunai IlpojexTa je u3aMupuO Jocrene mnopese, JIONPUHOCE W JApyre jaBHe maxOWHe y cknaay ca
nponucuma Penybnuke Cpbuje;

4. Hocunan Ilpojexra je nowmroBao obaBese koje npousnase w3 Baxehnx mpomuca o 3alUTHTH HA pajy,
3anolbaBaby W yCIOBMMA paja, 3alliTHTH )KUBOTHE CpeliHe U Hema 3a0paHy oOaBibara JeNaTHOCTH Koja je
Ha cHa3u y Bpeme nojaHouwena [Ipeanora [Ipojexta u 3akibyuera Yrosopa.

Mecrto: &%ﬂé M.IL

ﬂaTyM: 1 3 'U?' 2{]2[]

XXVI-
Beorpaf

1 \{b



®ouny 3a nHayky PenyGnuke Cpbuje — [TIPOMUC
Yrosop o dmHancupaisy peannzauuje [pojexra

puaor 6-6
H3JABA YYECHHUKA ITPOJEKTA O IIOIITOBAKBY OBABE3A

[ox nyHom marepujanHoM 1 KpUBHYHOM OAroBopHOLIAY, Kao 3acTynHuk Muacrutyt Muxajno [ynus,
YHusepsuteT y Beorpany y cBojctBy Yuechuka [Ipojekra, Jajem caenehy

U3JABY

Yuecnuk [pojexra Uucrutyt Muxajio [Tynun, Yuusepsuter y Beorpany:

I perncTpoBas je KOJ Ha/lIEKHOT OpraHa, OAHOCHO YIHCaH y oaroBapajyhu perucrap;

2. Yuechuk IIpojeKTa H meros 3aKOHCKH 3aCTYNHUK HUCY OCyUBaHH 33 HEKO Ol KPHBUYHKX J€Na KAO UJjiaH
Opranu30BaHe KPMMHHAIHE TpyIe, 3a KPUBHYHA JeNa MPOTUB MPHUBPENe, KPMBUYHA [€/1a MPOTHB KHUBOTHE
CPeMHE, HUTH 32 KPUBUYHO /€10 IPOTHB HMOBHHE;

3. VYwuechuk Ilpojexra je usmupno Jocresne nopese, IONPUHOCE M JPYre jaBHe NaKOWHE Y cKiamy ca
nponucuma Peny6auke Cpbuje;

4. Yuecnuk IlpojexTa je momrosao o6aBese koje Npousnase 3 Baxehux npommca o 3alUTHTH HA pafy,
3anoubaBatby W yC/I0BUMa pajia, 3allTUTH KMBOTHE CPEeJIMHE U HEMa 3a0paHy obaBibarba JIEATHOCTH Koja je

Ha CHa3W y Bpeme nojHouewa [Ipennora [Ipojexra u 3aksbyyerma Yrosopa.

VyecHuk IIpojekra:

o

Mecro: (Q_EQT‘ PAA

Hatym: /B 1 2000

XXVI-IV

Beorpag
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I-‘Iacm)n Tipe/riokenor npojexta: Mechanical Impedance Estimation and Planning for the Next Generation
Collaborative Robots (y namem Tekety: pojekar)

AKPOHHM (HCTH Kao Y enrneckoj sepsnjn): ForNextCobot

Axpr:mu"roaaﬂa naytmoucmaxmsa-fxa oprarmsaumja (HHO) y kojoj Je/he Gutu sanocnen Pykosomunan

Ilpojexra, oamocHo yuecHuk Ilpojexta Tokom peamusannje Ilpojekta (Hasus u agpeca): Yuusepsurer ¥

Beorpaay - Exextporexuuaxn paxyrer, By:iesap kpama Anexcanapa 73, Beorpay, PEMYBNUKA CPBUJA

YHUBEP3UTET v BEOrragy

ENEKTPOTEXHHYKY OAKYNTET
Epoj 41 14 P

708 2010 0
MU3JABA HAYYHOHUCTPAXKHBAYKE OPTAHM3AIIMJE - BEOrpapg o/

®OHAY 3A HAVKY PEITYB/IUKE CPBHIE

OsoMm nsjasom norephyjemo aa cMo ymosmaru ca yenosama Ilporpama 3a usspene IPOjeKTe MIAIHX
HCTpaxkuBaya Douna 3a mayky PemyGmike Cpbuje (y namem Tekcry: [lporpam) u na ux y MOTIYHOCTH
NPHXBATAMO,

Msjasmyjemo aa cmo carmacam na Tipeioxkenn Ilpojexar Gyne mpujabben 3a (uHAHCHpame kpo3
ITporpam.

H3jasinyjemo na je Pykosoaunan npeyuioxenor Ipojexra ap. Kocra Joeanosuh, gouenr, HCTIyIbaBa
YCIOBE Jla MOKe [Ja e He3aBHCHO Gapn HAYYHOHCTPAKHUBAYKHM PAJIOM HA OCHOBY WerOBHX AOCAAALIEHX
HAYIHOMCTPAKRHBAYKNX PEIYATATA, HCKYCTBA PYKOBOheHmeM HaywROHCTPAKHBAYKHM npojekTaMa y
oxBupy Eaexrporexmuuxor daxyarera (Xopuzont 2020 — gpa NpojeKTa HHOBALHOHHX aKuuja, asa
RACKAANOr (UHANCHPAILA), K20 M MeKycTea pywoeohema (MeHTOpCTBA) MerpamuBama ¥ OKBupY
AOKTOPCREX Ancep rauuja (jequa oabpamena Ancepraumja, 5 JoKTOpCKHX AMcepTanuja y Toxy).

Hsjapmyjemo 12 hemo Pykosomony u yuecnnunma npeanoxenor Tlpojekra obesbeantn npocTop u
onpemy noTpedHe sa peanusanujy npeatokenor [Ipojexra, yxomuko on Gyae 02106pen 3a punancHpame, U To:
- JlaBoparopujy 3a poBoTuky (onpema: WHAyCTpHjcKu pobor ABR IRBI20, 6-koMmoHeHTHH CEH30p cHie n
momenra ATl Axia80 EtherNet, OB robot - HCTPaXHBAYKH pOOOT Ca AKTyaTOPHMa IPOMEHILHBE KPYTOCTH,
NaGopaTOPHICKH NPOTOTHN AKTYATOPA IPOMEH LHBE KpPYTOCTH €A QHTArOHUCTHYKUM 110roHHMa, OB nmove maker
Pro — aKTyaTop IPOMCHIBMBE KPYTOCTH);
- Jlaboparopujy 3a GHoMmeaMumiCcKe TEXHONOTHje M HHCTpYMenTaunjy (onpema: Biometrics S-xanammn
4KBH3HUMOHM cHCTeM —~ ypehaj 3a enexrpomuorpaduijy (EMI), MEpCHC cuiIe M yriioBa; Biovision nojauasaun 3a
caekrpomuorpagujy (EMIN); Myo Gesture Control Armband — Gexumunn ypebaj 3a cumynraHo mepeme
eaexTpomuorpapuje (EMI) u kperarsa pyxe; Fonuomerpu — censopn 3a MCpPEIbe yITa (KpeTarma 317100a));
- DakyaTeTCKa MCPHA 1 €IEKTPO OrpeMa PECYPCH MAIIHHCKE PAIHOHHLC 110 HOTPEGH.

M3jasibyjemo na ce cnaxemo ca yoiosnma n3 Moiena Yrosopa o (QuHaHCHpamLy peanusaupje
HAyHHONCTpaKHBAYKOr NpojekTa Ponja 3a Hayky PenyGiike Cpbuje y oksupy Iporpama 3a H3BPCHE 1IPOjeKTe
MJIauX nCTpaxkusada H la hemo mpuxBaTHTH CcBe ycioee Tor yrosopa yxkonnko npeanoscsn Ilpojekar Gyne
npuxsahen 3a Gpunancupaise,

Mcero u garym:
Beorpan, 27.8.2019. rogunc

- £

Beorpan

1l | A

D



— AMP

instifut  MIHAJLO PUPIN

m

Hacnios npeanoxenor npojexra: Mechanical Impedance Estimation and Planning for the Next Generation
Collaborative Robots (y namem texcry: [pojexar)

AKpOHUM (HCTH Kao y eHrneckoj sep3njn): ForNextCobot

AKpeanToBaHa HayuHoOMCTpakusauka opranmsanuja (HHO) y xojoj je/he 6utH 3anocaen Pykosoawiail
[pojexta, oanocho yuechuk Ipojesta Tokom peannsaunje [lpojekra (nasie n anpeca). Huernryr Muxajao
Mynuu, Boaruna 15, Beorpas.

HUATHETUT 82V L IAA Py
LINTREIBE. iFi AR ':]:,. d 1M

GOHIY 3A HAYKY PEINYBJIMKE CPEUIE - 292 OS/{— e

—

27 MG 2019

H3JABA HAYYHOUCTPAKMBAYKE OPTAHM3ALIMJE = ©  ( ©

Osom u3jaroM noTephyjemMo ia cMo ynosuath ca ycnosuma Ilporpama 3a H3IBpCHe NPOjeKTe MAaaNX
uctpaxusada Ponaa 3a wayky Penybanke CpOuje (y aamem tekery: [lporpam) M a2 MX y MOTNYHOCTH
npHXBaTaMo.

Hsjasmyjemo na cy ap Mapmja Paammaosuh (aesojauxo Tomuh) n ap Coduja Cnacojesuh
sanociaene na Muerntyry Muxajno Ilynnn, kao u aa he 3a speme tpajana [lpojexta Outi 1 anraxosane Ha
IheMy Y 3Baiy HAYUHH capajuuk, ykonuko [lpojekar Oyae onobGpeH 3a gpunancupame.

W3jasmyjemo na cmo carnacH# aa npeanoaedy [lpojexar Oyne npujasben 3a (MHAHCHpae Kpo3
llporpam. kao n na cmo carmacuu n1a Pykosoannau npepnowenor Ilpojexkta Gyne ap. Kocra Joranosuh,
douent Ha Enexrporexnuuxom daryatery y  beorpany, vy oayxy jwolpe capaube M noan3ama
HAYYMHOHCTPAAHBAYKHX  Kamauutera Yy obGnactn  pobBoruke Ha Huernryty Muxajno  Ilynue #
Enexrporexunukom takyntery y beorpany.

Hsjanyjemo na hemo Pykosonuouy n yuecunuuma npennoxenor [lpojexta oGesbeantn npoctop n
onpemy notpedre 3a peanusauujy npeanoxenor Ipojexta, ykonuko on Gyse 0406pen 3a PHHAHCHPABLE, H TO
onpemy Llentpa 3a poboTuky y okeupy Mucturyta Muxajno Iynuu:

- Robot URS 6DoF Collaborative Robot Arm—poGot komnaunje Universal Roboties ca 6 ctenenu ciobone, 2
Komana.

- Robotig FT300 Force/Torque sensor — 6-KOMIOHCHTHH CEH30P 33 Mepetbe CHIC H MOMEHTAa KOMNaHuje
Robotig komnaruOunan ca Universal poGoTima,

- Motion capture system MTw-38470G20 X- Sense - BeKu4HN AKBIINLHOHH CHCTEM 33 CHUMAE NOKPeTa.

- SYNERTIAL IGS Data Glove - Bexudny akBH3HUHOHM CHCTEM 33 CHHMAHE NIOKPETa UIAKe,

H3jabyjeMo Ha ce cAaKeMO ca yclnoBHMAa M3 mojena Yrosopa o (MHaHCHpawy peainzaumje
Hay4YHOHCTpaxkusaukor npojekra ®ounnaa 3a nayxky PenyGanke CpOuje y oksupy Ilporpama 3a u3spche npojekre
MJIAIMX HCTpakHBaya M 1a heMO NPHXBATHTH CBe YC/IOBE TOI YroBOpa YKOIUKO npeiuioxenn [Npojekar Oyae
npuxsahed 3a GpuHAHCHpae,

MecTto n natym:
beorpan, 27.8.2019. roaune
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Hacnos npeanoxenor npojexta: Mechanical Impedance Estimation and Planning for the Next Generation
Collaborative Robots (y nasbem Texcty: Ilpojexar)

Axponim (HcTH Kao y enrneckoj sepsuji): ForNextCobot

AkpeanToBana HaydHoucTpaxusauka opranmsaumja (HHO) y xojoj jehe Outn sanocien PykoBoamnai
[pojexta, oarocHo ywecuuk Ilpojexra Tokom peanmsaumje [Ipojexta (nazus u aapeca): Hueruryr Muxajio
fynun, Boaruna 15, Beorpaa.

A rvnizu

®OHJIY 3A HAYKY PEMYBJIHKE CPBHIE AR O
2205/2-13
28 AUG 2019 =
U3JABA OPTAHUBAILIMIE QOTPARN

Hsjasbyjemo na hemo Pykosommouy Tlpojekta u yuecuuumma y Tumy npeanoxewor llpojekra
obesbeauT onpemy notpebny 3a peanmzaunjy Tlpojekra, u 1o onpemy llentpa 3a poGoTHKY y OKBHPY
Hucruryra Muxajno Iynnn:

- Robot UR5 6DoF Collaborative Robot Arm-po6o1 xomnanuje Universal Robotics ca 6 ctenenm cnobone, 2
Komaza,

- Robotiq FT300 Force/Torque sensor — 6-KOMIOHEHTHH CEH3OP 3a MEPEH€ CHIE N MOMEHTAa KoMAaHuje
Robotiq xomnaruGunan ca Universal pobotnma,

- Motion capture system MTw-38A70G20 X~ Sense - BeHUHN aKBH3HLHOHN CHCTEM 33 CHIMaILe NOKPeTa,

- SYNERTIAL IGS Data Glove - BexxuyHH akBU3HUHOHN CHCTEM 38 CHHMAlLE NOKPETa Wake.

VAL,
pbab. ap.

MecTo 1 patym:
Beorpan, 27.8.2019. roauue

Aadnpexrop
8@. \ Bpaneuws, anni.nn.
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Hacnos npeioxenor npojexra: Mechanical Impedance Estimation and Planning for the Next Generation
Collaborative Robots (y nammenm rexery: [Ipojexar)

AxkpoHuMm (McTy Kao y enrneckoj eepsuju): ForNextCobot

Axpeaurosana HayunoncTpaxnsauka oprammsammja (HHO) y wojoj je/he 6ute sanocnen Pykomoaunan
[lpojexra, omHocHo ywecunk [lpojexra Tokom peaymsaumje [Ipojexra (nasup u anpeca): VHuBep3uTer y
beorpany — Enextporexunuxs gakyarer, byaesap kpaba Alexcanapa 73, beorpaj.

®OHAY 3A HAYKY PEITYBJIMKE CPBHIE

PEMYBNUKA CPBUJA
YHUBEP3WUTET V BEOIPARY

ENEKTPOTEXHWYKK OAKYATET

k, i Vs & H3JABA OPTAHU3SALIHJE
28 AUG 261?9

20 roa.

BEOIFPAL
Wsjassyjemo na hemo Pykosommony [lpojexra u yuecHnimma y Ty npeuioskenor Ilpojekra oGesbeaurn
onpemy norpebiy 3a peanusauujy Ilpojexra, ¥ TO KOHKpeTHY JIOCTYIIHY OnpeMy aabopaTopuja;
- JlaBopartopujy 3a poboTHky (ompema: usgycrtpHjcku pobot ABB IRBI20, 6-KOMIOHEHTHH CCH30pD CHIE H
smomerta ATI Axia80 EtherNet, OB robot - HCTpOKHBaUKH POOOT ca aKTyaTopHMa NPOMEHIBHBE KPYTOCTH,
1a6OPATOPHICKH TIPOTOTHIT AKTYATOPA NPOMEHIEHBE KPYTOCTH €4 AlTATOHHCTHYKHM noronuma, OB move maker
Pro — aKTYaTop NpOMEH/BHUBE KPYTOCTH);
- Jlaboparopujy 3a OMOMEAMIMHCKE TeXHONOTWjE M HHCTpyMentauujy (ompema: Biometrics 8-KaHalHH
AKBH3HIIHOHH cHcTeM — ypeDaj 3a encktpomuorpadujy (EMI), Mepeme chre i yrnosa; Biovision nojatasaty 3a
enextpomuorpadujy (EMI); Mvo Gesture Control Armband — OGexmunn ypehaj 3a CHMYITaHO Mepeme
enextpomuorpaduje (EMI) u kperarsa pyke; ['onnomeTpn — censopn 3a Meperse yrna (kpetaiba 3r1oba));
- Maxy/ITCTCKA MEPHA M eNeKTPO ONPEMa H Pecypeh MAIHHCKE PATHOHHLE 110 norpebu.

MecTo H 1aTym:
Beorpan, 27.8.2019. roaunc

" JICKaH
. Muao To auﬁsnh
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@onn 3a nayky PenyGnuke Cpouje — [IPOMHC
Vrosop o Qunancupamwy peannsaupje [pojexra

Ipuor 7 — Jlepununuje
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®ony 3a Hayky PenyGnuke Cpouje — [IPOMUC
Vroeop o (unancupamy peanusauuje [Tpojexra

Hpnaor 7
Hepunuumnje

Tlopumsmu u3Bemraj o
nanpetky IIpojekra

W3Belnraj koju ce nocraeba y poky on y poky oa 30 (Tpuaecer) aaHa on
naHa ucteka 12 mecenw peanuzaumje IIpojexrta, a koju canpxkH nerasbaH
OIUC CBUX 3a8BPLIEHHX aKTHBHOCTH W PE3y/ITaTa MOCTHIHYTHX TOKOM FOJHHE
peanuzauuje Ilpojekra.

Kpapranuu
aAMHHHCTPATHBHO-
(huHAHCHjCKH
H3BELITAj

Wsselraj koju ce nocTaBsba y PoKy oA 15 (neTHaecT) nana o naHa MCTeKa KBapTana 3a
KOjH Ce MOJIHOCH M3BELLUTA], a KOjU CalpykH HAPATUBHH OTHC PEATH30BAHMX AKTHBHOCTH,
npobneme Koju cy HacTanM y TOKy peanusauuje [Ipojexkta u mepe Koje cy nmpenyzere 3a
NpeBasHnakKebe TaKBUX Mpo0jieMa, W3MEHE I1aHa aKTHBHOCTH W pealv3aluje Koje
ofpaxkaBajy Moau(uMKalMje MOYETHOr [IaHA, KA0 M [OCTHIHYTE pesyniTare, y3
KOMIIETHY JOKYMEHTAaUM]jy CBHX TPOLIKOBA, H oAroBapajyhe npunore koju ykibyuyjy
ajM ce He orpaHuuarajy Ha cnenehe:

a) 3a GesroroBuHcKa nuahara: KoMuje pauyHa koju riace na KopucHHKa cpeficTapa, Kao
u npunagajyhe 6aHKOBHE H3BOAE;

0) 3a rotouHcka niahawa: konuje pauyHa Koju riace Ha KopHCHHKA cpeicTaBa, Kao
KOMuje ynnata u3 6aHke v GnarajHHuKoOr U3BEIITA)a;

B) OCTaJly OCHOBHY W nparehy ()MHaHCHjCKY HOKYMEHTALIM]y, & HApOUHTO:

- MNyTHE Hamore ca npunaaajyhum npuno3uma, 10KyMeHTa Ha OCHOBY KOJHX CY
obapbaHa mnnahawa (YrOBOPH, CMOpasyMH, oOpauyHH 3apana/XoHopapa
PykoBoauoLty rnpojekra 1 unaHoBuma IIpojekTHOr TUMA);

- NpHIOre y Be3W ca peanu3alMjoM TMPojeKTa, AoKase O NMPHUMEHH MPOjeKTHHX
AKTHBHOCTH (MOTIHCHE JIMCTE, eBayalMjcke JHcTe, oTorpaduje ca norahaja,
npuMepKe mydJuKauyja v ap.);

- MOTNHCAaHW JoKyMeHT (ucrmnathu nuctih) PykoBosaHolia npojekta M unaHoBa
[IpojekTHOT THMA 1a CY NPUMMUIIM HAKHAJE 32 HAYYHOUCTPAXKHBAUKH pal KOju

je PoHn 3a HayKy MCIIIATHO OJHOCHOM PEeanM3aTopy WCTpaKhBama 3a Te
HaMEHE Ha OCHOBY OBoOr Yroeopa u Onobpenor 6yuera [Ipojekra;

- KonMje yroeopa M (pMHAHCH]jCKA HOKyMEHTAallMja KOje ce ONHOCH Ha HabaBKy
yciyra iMua koja Hucy HapefeHa y Onobperom Gyuety IlpojexTy U u3jaBy o
npUxBaTaky [OTIIMCAHOI M3BELITaja Mpy)aoua yciayra o o00aB/beHUM
AKTHBHOCTHMa;

- daxrype 3a HabaBky nobapa, y2 Koje ce Mopejl OBepe Ofl CTpaHe peaiu3aropa
HCTPaXKHBAha W aHAIMTHUYKE KapTHIIE/M3BOA, IOCTABbA U KOMHja YTOBOPA O
KyTNOBHHH no0apa, 3amyvcHHUK, KapTHua aodapa/onpeMe ca HHBEHTAPCKHM
OpojeM W KOHTaKT NojaLMa JIMLA KOje HellOCPeHO MyKH 100po/onpemy;

- JOKYMEHTalHja O aKOHTALMjH W KOHauHOM 00pauyHy yTpOLLKa CpeicTapa 3a
MyTOBalb€ y MHOCTPAHCTBO W Yy 3€MJbHM HWCTpa)KMBaua aHraKOBaHHX Y
[TpOjEKTHOM THMY;

- Konuja nnaHa jaBHux HabaBkn Hocwoua npojekra/ YuecHuka mnpojekrta 3a
Tekylly romMHy ca JOKYMEHTalHjoM O CMpOBEJSHHM jaBHMM HabaBKama
(komuje yrosopa o HabaBuu noapalyciyra; TeHIepcka W Apyra
JOKYMEHTALHja O NPUMEeHeHHM NMPONKUcHMAa O JaBHUM Habarkama y MocTynKy
KOHKpeTHe Habaeke moOapal/yciyra), OLHOCHO TOTIHCAHA W OBEpeHa H3japa
PYKOBOIMOLIA OMHOCHOT PEaH3aToOpa MCTPAXKHBAKLA 1A HE MocToju obaBesa
MPUMEHE MPOIKUCa O jaBHUM HabaBkama, y3 HaBoljeHha 3aKOHCKOI OCHOBA KOjH
Ty MPUMEHY HCKJbYHUYje.

r) MHCcaHy W3jaBy Y OJHOCY HA TPOLIKOBE NPHUKA3aHE/JI0OKYMEHTOBAHE Y M3BELITAjy Kao
¢dunaHcupane Oyuerckum cpencteuma llpojexta y W3BemTajHOM nepuoay (HMp.
HAaKHaJEe 3a HAYYHOMCTPRXKMBAYKWH pall MIIM MOjeAMHE MCTPAKMBAYKE aKTHBHOCTH;

660;{)3}'\
W . \‘t\)
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Donn 3a Hayky Peny6mke Cpbuje — [IPOMUC
Yrosop o (mHaHcHpawy peamusanmje Ilpojexta

TPOIIKOBM OJJIaCKAa Ha HAayYHE CKYMOBe; MyOIMKOBalme HAYYHHX DPajoBa HW/HiH
MOHOTpaduja, KynoBMHa/3aKy T Hay HHOHCTP@KMBAUKE WJIH IPYTE ONpPEMe; MaTepHjaitu
TPOLIKOBH HCTPAXKMBatba W AP.), KOja CajipikH:

- HaBOA 1a 3a WCTe HAMEHE HHM y jelHOM aeny Hucy obezbehena apyra

cpeacrea/onpema/pan (uHancHpaun w3 Oyuera Peny6nuke CpGuje wiu
IOpYTHX U3BOpA, U

- HaBOJE O BHCHHH, U3BOPY, CTPYKTYPH W HauuHy ydemha Apyrux cpeiacraea y
naprauMnauju/  cypuHancupawy jgena  IIpojeKTHHX aKTHBHOCTH ¥y
M3BELITAJHOM MepHoay (Hnp. u3 GYUETCKHX ca ApYrHX pasfiena; no ApyruM
nporpaMHMa M3 3aKOHA MAM NpOoNHca O HAYYHOHCTPAKMBAYKO] I
WHOBALIMOHO] JE/IATHOCTH; M3 COTICTBEHHX CPECTaBa OJHOCHOI peanm3aTopa
MCTpaOXKHBAKA; W3 cpeacrtaBa o ocHoBy yuewha y mehyHaponHum
MPOjeKTHMa, U CIL.).

a) Ha 3axteB DoHAA: 1€0 WM LENOKYNHY JOKYMEHTAaUHjy O jaBHMM HabaBkama M
HabaBkama Ha Koje ce 3aKOH O jaBHUM HafaBkama He MpUMerbyje;

) uzBewTaje KoHCynTaHaTa O 00GAB/BEHOM [OCIY/MPY’KEHMM YCIyrama, NPOH3BOIE
KOHCYJITAHTCKOT paja (rie je NpuMer-HBo), 3anHCHHUKE 0 Heropy UM aobapa;

€) Apyra QOKyMEHTalWja KOjoOM ce [MpaBia YTpOLIaK CpEICTABA M PeajM30BaHE
AKTHBHOCTH Y M3BELITAjHOM MEepHOY.

HHUO

AKpEeIMTOBaHA HAYUHOMCTPAXKUBAYKA OPraHU3aLMja, Py YeMy OBaj nojam obyxpata u
PErMCTPOBaHE MHOBALIMOHE OpraHu3aliije Koje UCMyHaBajy yCloBe MpornucaHe AKToM
o [TPOMHUC-y,

OxBHpPHH IIaH 34
ynpaB/bame
3aIITHTOM
JKHBOTHE CpeJMHe
H COLHjaTHHM

OKBHpPHH IJIaH 3a YIPaB/batke 3alITHTOM JKMBOTHE CPEJMHE M COLMjaIHUM YTHLAjeM
(Environmental and Social Management Framework) je Boou4 3a NpOLEHY PH3HKA WU
ytuuaja koju Ipojekar MoKe MOTEHLMjATHO UMATH HA JKHBOTHY CPEIMHY W APYIITBO.
JlokyMeHT npyka CMepHHIIe 3a yMNpaB/bake M KOHTPOJIY YCTAHOB/BEHHX pH3HKa. Y
cnyvajy ga je npumenssMBO Ha Ilpojekar, PykoBomunall mpojekta je y obasesu na
pa3BHje NaH 3a yIpaB/bathe PH3ULIMMA U 110 HheMy u3BemTaBa OoH/ 3a HAayKy.

yTHLAjeM

IToceGHn pauyn IMocebun Texyhn qunapcku pauyn HHO ocnoGohen 6rokane 1 oTBopeH kox Y npase 3a

ITpojexTa Tpe3op (Mo MpaBHiIy) 3a KOjH NOCTOjU MocefHa eBUAEHLIM]a, KOjU C& KOPHCTH camo y
cepxe mnahama y Be3u ca cpenctBuma Ilpojekra, v cknany ca Byuerom Ilpojekra u
Pacriopenom muahama 1 KOjH He MOXe 1a Ce 3aJI0KH, OITEPETH WIIH 3aTBOPH TOKOM
cnpoeoljera Ilpojekta Ge3 nperxonHe nucakle carnacHocTd PoHja 3a HayKy.

OpoGpenn Onobpenu Ilpennor Ilpojexra ca ceum npunamajyhuM npunozuma, y ckiamy ca

Ipenaor Ipojexta Onnykom YO.

Byuer Ilpojexta ITnanupanu pacrnopen AO3BOJBEHHMX W MPHXBaT/BMBHX Tpowkoea [Ipojexkta koju je
onobpeH 3a Ilpojekar on ctpane PoHza 3a HayKy, Kao WTO je HazHaueHo y [lpunory 2
VYrogropa.

IMapTHep/nogyroBapay [TpaBHO nulle KoOje je HEeOMXOIHO 3a peanHuzalMjy aena npojeKTHHUX akTuBHOCTH. OBO
JIMLE Ce CMaTpa NPy KaoLeM ycyra MiH nojussohadeM, a He yuecHHkoM y Ipojexry.

IloBpena Caaka nospena oor Yrosopa, ycinoea [TIPOMHC-a unu ogpendu Axra o [IPOMHUC-y
wiK GUII0 Koja Apyra MoBpeaa Koja je HacTasa ycuiea GUito Kor paziora koju 61 ce morao
CMaTpaTH ONpaBJaHHUM M MOBE3aHWM ca OBUM YToBopoM, mo npoueHu PoHaa 3a Hayky.

[[poje]{aT Ilpojexar caapku Opobpenu [peanor npojekrta ca ceuM npunanajyhum npuaosuma v

KACHHM]UM W3MeHama 0J006peHuM oa ctpaHe DoHpa 3a HayKy.

ITponucH 0 3aIITHTH
JKHBOTHE CpelHHe

3akoH 0 3aTHTH XkuBOTHE cpenuHe (,,Cnyxbenn rmacauk PC", 6p.135/2004, 36/2009
— Aap. 3aKoH, 72/2009 - ap. 3akoH, 43/2011- omnyka YC,14/2016, 76/2018 u 95/2018) n
ApYrd peleBaHTHH 3aKOHM, TIPOIHCH H MNPaBW/IA Koja ce mpuMemsyjy y PenyGanum
Cp6Hju KojuMa ce peryJsuiie o0acT 3alTHTE )KUBOTHE CPEJIHHE.

Pacnopen nnahama/ Project

Payment Schedule

Pacriopefi ca BpeMEHCKHM POKOBHMA Y KOME Cy AeHHUCAHH JaTyMH W M3HOCH miahama
Tokom peanuzauuje [Ipojexra.
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Qouz 3a nayky Peny6anke Cpbuje — [IPOMHC
Yrosop o (uHaHCHpamy peannsanuje [Ipojexra

Bpemenckn okBHp npojexra
(T'anTorpam)

Bpemencku okBup npojexta (IanTorpam) je neTasbHu niaH peanusaiuje MPOjeKTHHUX
aKTHBHOCTH, OYCKHBAHHX pe3y/TaTa M MpOLIEHATa aHra:KoBarba 41aHOBA MPOjEKTHOr
THMa, YK/BYuY]yhu u merose usmeHe u JOIYyHe.

3aBpuIHN H3BeINTAj O
pesyiaratuma Ilpojexra

M3BewiTaj koju ce mocTaBba y poky oa 45 (ueTpaecer mer) gaHa Of JAaHA OKOHYAMA
CBUX MPOjeKTHHX aKTMBHOCTH, @ KOjH Ce OJHOCH Ha LEJOKYMaH MepHol peau3aliije
Ilpojexta M cajpu JeTa/baH OMMC CBHX 3aBPLIEHWX AKTUBHOCTH pe3yJirTara
MOCTHTHYTHX TOKOM MMILIeMeHTauuje ITpojekra.

3akoH o0 jaBHHM HabaBKama

Baxcehn 3akon Penybimnke CpGuje kojum ce ypehyje nimaHupame jaBHMX HaGaBKu,
YCJIOBH, HAYHH H MOCTYMaK jaBHe Ha0aBKe M Apyra MMTakha O/l 3Ha4aja 3a jaBHe HaOaBKe.
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ENEKTPOTEXHUYKM GAKYATET

103>

Epol .

R- 'zuzz Dono za nayky Penytinuwe Cpeuje — TTPOMIC
R - 11115 POGI62528 00 08.07.2020. 200une o dunancuparsy peaawzaijufe nayinoucmpancusauxoe Hpojesma ForNextCobot
BEOIFPAR

Y oxsupy Ilporpama 3a usspcre npojexre Miaunx ucrpaxnsada - [TIPOMUC ®onpa 3a Hayky
PenyGimke Cpbuje Ha koju je carmacroct nana Biama PC perrersem 05 6poj 660-02-5891/2019 ox 13.
Jyna 2019. ropune (,,CryxGenn rnacuux PC”, 6poj 42/19), koju ce peanusyje y cKmamy ca AKTOM 0
UMJEEBHMA, HaYMHY pealusalyije M YCIoBMMa (UHAHCHpama npojekara y oksupy Ilporpama 3a
U3BpCHE MpOjeKTe MIajuxX ucTpaxisada Opoj YO- 21-1/2019 ox 04.06. 2019. romune — Axr
[porpama ITPOMMUC, noBozom ogobperor nucanor o6pasioxkeHor 3axTeBa KoprcHika CpelcTasa u
PykoBojoa (QwHaHCHpaHOr HaygHOMCTpaXkWBaukor Tmpojekra mox Hasmsom MECHANICAL
IMPEDANCE  ESTIMATION AND PLANNING FOR THE NEXT GENERATION
COLLABORATIVE ROBOTS - y mamem tekcty: Ipojekar ForNextCobot, esmaeHumonu 6poj
6062528, npumenom unanosa 48, 49. u 50. OcHoBHOT yroBopa, 3ak/byuyje ce

AHEKC
Yrosopa Gpoj 1548/2020 ox 08.07.2020. roanue o punancupamy peajansannje
naygnoncrpaxusadxor [Ipojexra ForNextCobot y oksupy [Iporpama 3a usspcne
npojexre Miaaaux uerpaxnasada — [TIPOMUC ®onja 3a nayky Peny6inke Cponje

mmely cnenehnx yroeoprix crpana:

I. POHJA 3A HAYKY PENYBJUKE CPBUJE, ca perucrposanuM cemuumrem y Beorpany, yiL.
Hemamnna 22-26 v agpecom obaslbarma jenatHoctn y Yimiuw 27. mapta 6p. 39/11, Beorpaj, MaTHaHn
Opoj 17921410, TIME 11343775, Opoj payyna KJIC 840-670723-30, kora sactyma ap Mumima
Bypuh-Josiunh, 8. 1. aupexropa (y nasbem tekety: Ponl 3a Hayky); ca jeiHe cTpaHe, 1

2. PeannsaTopa HCTPaXHBAKA/KOPHCHUKA CPeJCTABA 0J00pennx 3a (unancupame [pojexta (y
JalbeM TEKCTY CBAKO OI HABCIHUX I10jeIMHAYHO 03HaueH Kao KopicHUK cpejicTaBa, a CBH 3ajeIHIUKH
o3HaveHH kao Kopucnnun epeacrasa):

2.1. AxpeanToBaHa RAYyYHOMCTpPaxmHBayka opranmsamuja — HAO Exextporexnumuxn
baxyarer, Yausepsurer y Beorpany, ca ceqmmrenm na ajpecu Byiesap kparba Anekcarpa
73, 11120 Beorpag, ITHB: 100206130, maruaun 6poj: 07032498, kojy 3actyna npod. ap JMejan
I'Bozamh, fekan, koja je Hocunaw peanmusaumje Ilpojekra (y mamem Tekery: Hocmaan
ITpojexra);

2.2. AxpennToBane HaydHoHCTpakuBauke oprammaumje — HHO (y namem Texcry:
Yuecnunnu [pojexra):

1) Hncturtyr Muxajno Ilynun, Vausepsurer y-Beorpamy, ca cemumurem Ha ampech
Bonruna 15, 11060 Beorpan, TIME: 100008310, maruunn 6poj: 07014694, xojy
3actyna jip Huxona Tomaureruh, nupexrop (y aasem tekery: Yuecnnk Ipojexra);

3. Kocra Josanoemh, sanocnen y HUO Enexrporexnnukyu dakynrer, Yuusepsurer y beorpany,
Hocuouy Ilpojexta (y namem rekcry: Pykosoauaan Ipojexra),

ca Jipyre cTpane
Yoan 1.
VroBopHe cTpaHe 0BOT aHeKca CaIfiacHo KOHCTATY]Y:

1. Jla cy Kopuchuum cpencrasa - jpyra YroBopHa crpaHa 1o YroBopy o
(unancupaisy peannsaunje Haydnoucrpaxusaukor Ipojexra ForNextCobot (y mamem Tekcry:
OcHOBHH YroBop), NMUCaHUM IyTeM TNONHENH oOpa3lioKeH W YCaIalleH 3aXTeB KOjuM Cy
HHUNHpand  onpasjaHe  uwsMeHe  OCHOBHOT  yrosopa, Tako Ja Ce€  Tpajame
llpojexra ForNextCobot, u3 unasa 1. cras 2. OcHOBHOT YroBOpa NPOLYH 3a 6 MecelH, ycnen
HenpensuheHNX Kallberba Y uMruieMeHTaunjn [Ipojexra, y3poKoBaHMX aAMHHMCTPATHBHMM,

AHCTUTYT MUXAJNIO NYIUH  o..

bp.
05 AUG 2022 05.%8 . 0927 roa.

A i
Monp 3a Hayky Penybnuke Cpbinje
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(MHAHCH]CKUM WITH JPYTHM TIPOLELYPaTHUM pasiio3ima 1 forajajuma BUIe CUile, OXHOCHO U3
pasiora HeMoryhHocTH cniposohera muanupaHor Herpakusama 360r nangemuje COVID-19,
ITO CE HUje MOITIO YHAIpel NPeABUIETH.

@onjt 3a HAYKY je 0106pHO H3MEHe OCHOBHOI YToBOpa y CKTamy ca 3aXTEBOM U3 cTasa l. oBe
TaqKe, OAHOCHO 0n00peHo je rnpomyskeme Tpajama [Ipojexra 3a 6 MecelH, OHOCHO 3aKIbyUeHme
aHeKca OCHOBHOT YToBopa, y cknajty ca unaHoM 50. ocHoBHOr YroBopa.

2. la cy usMeHe ommcaHe y Tauku 1) oBor wiaHa ojobpeHe y ckiamy ca uiaHom 48. u
49. OcHoeHor yrosopa. Yianom 48. OCHOBHOr yroBopa IpOIHCAHO je Jia ce Tpajame ITpojexra
MOXKE TPOMYKHTH CaMO Yy W3Y3eTHHM OKOJIHOCTHMA, Kao IITO Cy HelpeaBuljeHa Kallkerbha y
uMIuteMeHTaudjn Ilpojexta y3pokoana aJIMUHHCTPATHBHHM, (MHAHCHJCKAM WIH JpYruM
TpoUelyparHiM  passiosnma u jorahajuma sume cune. Ynanom 49. OcroHoOr Yrosopa
TMPONHCAHO € Na BHIIA CHIla NoJpasyMeBa OWIIO KOjH BaHPEdaH W HEIPEABUINB CTIOJBAIILU
noraljaj WM M3y3eTHYy CHMTyalMjy HacTally HaKOH CKialamba YroBopa, @ Mpe 3aBplieTka
Ilpojexra, koja ce y Bpeme ckianama YroBopa HHje MOIVIA IPEABUAETH, HUTH jy jé YTOBOpHA
CTpaHa MoITa CIpevnTH, u30ehn Wiv OTKIOHUTH, a 33 KOjy CTOra HHje OArOBOPHA HUjeaHa
YTOBOPHA CTpaHa, TPy YeMy ce He MOTY IIPUITHCATH TN, HeTIaXK LU WU HEMapy ca mHUX0Be
CTpaHe, a TIOKaXy CE Kao HelPEeMOCTHEE.

Yaan 2.

Opum arekcoM ce Bpiie w3sMeHe OCHOBHOT YTOBOPa, Y CKIIady ¢a WHUIMPAHUM, 00paznoKeHuM M
OTpaBJIaHAM MpOMeHama ca kojuma ce MoHJ 3a HayKy cariacio u 0100pHo MX, CAracHo oipeitu ui.
48, 49. u 50. OcHoBHOr yrosopa.

Ynan 3.

V ocHosHOM YToBOpY Cce Bpiue onrosapajyhe usmeHe u 1o wiah 1. cras 2, OCHOBHOT yrosopa Mema
ce 1 ImacH:

w~Peamsanmja INpojexra Tpaje 30 Mecenn o1 naHa cTymama Ha cHary osor Yrosopa.”
Yaan 4,

Onpen6e OcHosrHor VYrosopa, npumnanajyhmx awekca OcHoBHOr Yroeopa M MPHIIO3H KOjU HUCY
H3MEmEHH OBUM aHEKCOM OCTajy Ha CHAa3M M IPHMeILY]y ce HelpoMemeHe,

Ynan 5.

Ogaj amekc ce w3BpIIaBa M (DUHAHCHpA y CKIafy ca Hauenuma W ojpendama Mporuca KojuMa ce
ypebyjy obnuraunono npaBH# oaHOCH, poryca 0 GYUETCKOM H TOPECKOM CHCTEMY, NPOIHca Kojuma
ce ypehyjy jasHe HabaRke, mpormuca U3 oOJNACTH: 3alUTHTE MOJATAKA O JIMYHOCTH; 3alITUTE TIpaBa
VHTENEKTYallHE CBOjUHE, YKIbYUYjyRH i 3aIITHTY NMOBEP/BMBUX MONATAKA W MOCIIOBHE TajHe; 3aIlTHTe
Hay$HE CII000ME W CTBapalialuTBa, CTaH/ap[a HayKe W eTHYHOCTH Yy HaydHOMCTP@KHBATKOM paiy;
3alITHTE JKUBOTHE CPE/IMHE, Kao U ojipetaba M ApyTruX MpoIKca U akara kojuMa ce ypehyjy nurama o
3Hayaja 3a peanuzauujy [Iporpama.

Yoaan 6.
Ogaj NOTNHCaHN aHEKC ca NPUIIo3nMa J1eo je apxuee [IpojekTa u3 oxesbka VII OcHoBHOT YToBOpa.
Ynan 7.

Ogaj anekc cTyna Ha CHAry JaHoM NOTIIMCHBAILA Ofl CTpaHe oBNAINfieHuX JIMA yTOBOPHUX CTPaHa, a
npuMelbyje Ce TOYeB Of1 IIPBOr HApelHOr JaHa HAKOH HCTeKa MHMLMjanHO oipeleHor Tpajama
npojekra n3 OcHOBHOT Yroeopa.
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Yaan 8.

Osaj aHekc caymmen je y 5 (mer) MCTOBETHMX Npumepaka, of kojux 2 (j1Ba) npumepka 3a PoHp 3a
Hayky, ro 1 (jenan) 3a Hocuoua Ilpojexra, Vuecuuka Ipojexra u 3a Pykosommona ITpojexra.

Hatym cTynama Ha cHary anekca _ 0S. OF 2022, ronmne (ynucyje ce nocaedru damym
ca Ko 'u-w Je nomnucan anexc)

ey

(DUH,I[ 3a,H Ky Perrybrmike Cpbuje e Hormuen opnamhenux smua HUO u Pykosoamona
. L@‘R
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U Beogradu, 20.1.2023. godine

POTVRDA

o koriS¢enju softvera

Na osnovu Ugovora o finansiranju realizacije nau¢noistraZivatkog Projekta pod nazivom
MECHANICAL IMPEDANCE ESTIMATION AND PLANNING FOR THE NEXT GENERATION
COLLABORATIVE ROBOTS, akronim ForNextCobot, evidentiranog pod brojem 6062528, u okviru
Programa za izvrsne projekte mladih istrazivata ~PROMIS, Fonda za nauku Republike Srbije izmedu
ugovorenih strana Fonda za nauku Republike Srbije, Elektrotehnitkog fakulteta u Beogradu i Instituta
Mihajlo Pupin™ u Beogradu, softverski paket ,.Human Motion Estimator-HUMANES* razvijen od strane
Instituta .Mihajlo Pupin™ u Beogradu, je kori§¢en na Elektrotehni¢kom fakultetu u Beogradu, Laboratoriji
za robotiku, u cilju realizacije naucno-istraZivatkog rada tokom celog projekta ForNextCobot u okviru
radnog paketa br. 1 kao i u nastavne svrhe u oblasti Biomehanike.

Potpis

/
Dr Nikola TomasSevic, d g&tor
NG

Prof. dr Dejan Gvozdié, dek
M.,  Univerzitet u Beogradu - Ele
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CONFIRMATION OF USE

On the basis of joint scientific research, the software package "Human Motion Estimator - HUMANES"
developed by the Institute "Mihajlo Pupin" in Belgrade, was used at the Faculty of Mechanical
Engineering and Naval Architecture in Zagreb, CRTA laboratory, without financial compensation, with
the aim of realizing a joint scientific research work and joint mentorship.

To whom it may concern,

In Zagreb, 1th October, 2023.

Assist. prof. Marko Svaco
Head of Regional Centre of Excellence
for Robotic Technology
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