232 P9 -12 HVIVIIMIN
NOTINN YT NOVNPIN
21NN NIVYYN NOTIND NPOHNNIN

K

-D1N NANIYM NIIPN DR PDY HINON YN
0129

ND1INA 100N NN NYAPY MYIITHN PHN ANNHN NT NN

N9 ONY : XD

YN DY 1999 : NN

33D
2017



252 1992 -12 HOVYV9ININ
NOTINN YT NOVNPIN
21NN NIYYN NOTIND NPOHNNIN

JK

=DIN NATIVN NIIYNI DTINN 11202 DIN0N Y1
V1219

NDTIN Y001 ININ NYAPY MYIITHN PON NN AT NN
N9 ONY : IND

YN DY 1999 : NN

annn Nn'nn

NN NN'NN

NMPNN W AR D" nnmn

Y
2017



TN nyan

TIIND 22 NPNINRM NNMON NNN OSMN NNPY TUNX YN DY /91997 NIV NTIN PPIND MINIA
MTPN NITHIID D ION TNNY PIXD D 2IWN .DMNNNDI DXV DMINT PN IWND O) 71T DD
SNV THN TN PYNNR TIVY PHIRD MINY PIN THN INTHY PSP

AW NN DN NN THPMINPN NN NXYM NONN ,NIAVP JIND ¥ NN

NN, TP YT TION XD NI 1Y DIV YD NPIYNY TINTPRD NMINNDSYN YY D) 77N
STTONDY TNNN TIAYD 1T MINN DX TIVND W IO POV DININ DXOVITIVON DIV MPN

95 NN OTX NPR,TIYIN NN 1 TPVINPN N1NAD D, THN SNTHOY W MIN
IYINPNN ITNYA D Y IMIN N DNY NV YD NNIY DIION

WMDY IDNNY OO DD : NPONNN DY YDNVINN MIDVN NMNXY MTIND NN NN )0 IND
.y 5o

N9 ONY
970 NYWYN NOTND NPDNNN
VIV NI 202 1PN NVIOIDNIN



YN

JNR-HDT MYV NN OTX DDV PV NOIWN DAY INMO DT IPNN NNDNI
YNID NIN-HY ,NDWD NNY GAVNN OTRD INNND NDIDY NOIWNID NNPND 71PN MPOYN VNN
YT DY PN PN NOIWNN NN D) POY IPNNN 1AV NN MDVIMNP NDOIYN
DMIMINON NXNYN DX0NN RID DXONN DIV P2 NMININA PN DMDNN TP .0MD)
LDTRN )PDNY DOYINDNI DINRY DIANININD DTN PN DOYIN0N

TIRNNDN NDVIMNP VN YNTN NN DX 12 NADIN NTHY NNTH NNMOY NIIWNN
DTNN) 922PN2 DOWYI NTHY2 NTIAYN VIO DIRNND NIMYI NN DTV DTN
(TMWN NMOWN TR Y99) 97NYA NYNINNN NPYRD NNIWNN) NYIVE NPV (V1M
MWYNIN 2NN 022NN NV P NN HDI1DN DINDN ONINON NNY 71PN YNDNN IPNNN NIV
NONN 72D DTNN TYNRD NI NIYN ANNM 11D 10N DPYann TUND V1IN DY NTIAYL NN
92P5 NN HY .(N227N XNTNN 190N INKD IN VIAIN DY IV TAY 12D NIV TI APY) NTHIAYa
P21 DTaN O»P ONN PNIAY XTI DND YNIY N NYNI DNPINDNN NMIAD DMIVNIIN NN
VMNP NNIVN DNYY NIADINMN MINT NN DXONN KDY DXOVN P2

oy T2Y NN 08 4U-SCOREBOT Mon 0X01217 %Y N9 NHpINY NOIYNN - N2IVNN
NI VRO »Gravity maze” Dw1a YN NN YIRS NNAY DTRN DY .12V HIiNdva DOVIIN
0N DXPON DTRND YPIAD VI O ,NTN PXNY 9POP Dapn

INPY NN NNAD NNON PYRIN NWNM DXADP 190N Y DTNN YXIAY NDNI — NN
LDNNNY MIRNND OVIP NNT IMIND TR TPYITIY NN PON DAYPN DAY
D121 ,D2NT DDA DNINON NXIN MNDNN DY D51 DOXVININ DY HYMNY DIMININD
TINT-12Y DINON NN NN OTRN DY ,IAP YT INIVIN D52 OTRNN VY PON YPaY DIWIN
. DYOINNN MY NONHOPON NN D

25V 7Y DNIYMN DDA DNPINDRN DN DI0IN DX NNNY 1INV DINMINONN - DNININ
DOXNNNI DTIPN IPNN XYY WK L(DMNWNRIN DXDPN 2) NONN KDY 2WN) DTRN 12 NTIAYN
12 25w My LInonn onorM ,(Syfeld, Peretz, et al., 2014) 001N XY DY NTIAY INY
0NN IMODWOIN DY NTIAYA INY VD R¥NI DTIPN IPNNIY ,NONND TN OTNND
DIINORY DXONN ROYY ONMNN OMININ P2 NTIAYN YSNNI NNMD YNINHD ONINONIA
PONP NNIVNT DMNINMN DNMNY TYUNI) DIONNY ONMNN

DYP 72N MNNA NN PNAY YTI2 NN DD WXL LPNMIAN DY NYNRIN IPONI - DMNDN)
(DVITIVD 52) PO YYD NMIVN DY) (DOVITIVD 54) PO DN DITAW DN IUND
MOYONN DTRY DXADP 790 9915 NTIAY AT ,NYVA AT : DN NNV DXDVLP1AIND DXTTHN
INDMIY DINIRY MYSNNI VI DY NTIAYI NOWH YWHIN DTN 121 YNN 1N ,q0N .7IND
SY NUNIN VDN INNY .DONN PN RY DOPTLNY NYRIN 2DV NHONN PIDA DO
NONN NXID NONN PANNNI 5915 DMINON RNV TYR DD DY NV PONN Y¥I2 DMNDNN
NDD DNPIMNON 51 DX DXVITIVD 151I9NNYN NN 551D DMININI NN RO DMININ N
YT NON DI9 NN NI NPYNI NYVN YN POY PIDI DI DY .DXVITIVD 14 1I9NNYNY NN
SV N259N Y23 DN DN OXTTHN VY NPIWNI VIANID MTYD NOIY NIVN NDIWYN T TIN
ANV DXATP 19D 551D NHVA AT ,VIAIN DY NPIPRIVIN 1900 PP



VRN Q9P2.N0MN KD OTRINDNN DTN P2 NTIAYN 19IND PN DTN LYW NN — NINNIN
INY IV YN OXONNN IYNRD MNP SNY DY DOYNINNT P2 PN DTN 7PN O MY
1PN NV, NMVY 78 YW YINN -DXONN : 1 9IP) NNPRNNIA 24% Y 15% ,20% 2 DXONN XINN
177.6 5V yNn -DXONN : 2 PP ; 38.8 1PN NMVLO NIV 70.58 HYW yx NN -DXONN KD ;24.7
14 99D ;%;71.4 PN NMVO MMV 205.59 DY YNINN -DXONN KD ;59 1PN NMVD  NMY
NPV 243.95 YW YHNN -DXONN NI ;39.57 1PN NMVD NV 196.85 YW YXINN -DIOIN
P2 8% YV PNAM DTAN PN NVIPRIVIND 190N .24% DV DTIAN (42.24 PN NMLD)
NODY (1.78 1PN 7LD) MMV 9 DY YXI1NND 71PN DXONNY GTUND MNP NV DY DIYSINNIN
99071 NYVIAN YA PWIOVN GOPA OWINIIAN .(1.62 1PN NMVD) NNV 8.3 DY YXINN M DXONN
.MXIPN 2 P2 OOPNIN DODTAN DY INY KD 1NNV DXAYPN
qGOPN MY PNAM D TAN ORI KD NI 52 DIINONRD NN OY DIMINIRD NRNYN
P21 DTN 7PN (NOIYNN DY 1PD NN INND) Y27 MWHVN GOPa .DNAY NV NYNIN
37% -1 18% 2 TN 20 PN NN DY DIIMNOND TWRD MNP NV HY DYHNNN PI
SV Y8 PN NN KO HOWHY GOP) NNNRNNA WA MOV 45P2 NN NI DNINININ
PN NMVO NIV 183.1 DY YXINN 7PN NN DY DMINVON ;41.95 1PN NOVO NIV 216.8
;31.98 1PN NMVD NIV 251.25 DY YXIMDN 7PN NN KDY DMINDN ;20 9P ;49.47
70 Y915 1YV PN .(42.442 1PN NMOVO NPV 182.3 DY YSHNK 71PN NN DY DNINOND
NN XD ONINDN) NN DY DIININRN NIV 5% DY Y9N DXYNINND PA PR DTan
347.36 DY YNMN MON NN DY DMININD ;13.81 1PN NMVD) NIV 368.12 HW YXINN PN
PSPRIVIND 90N PN DTN 7PN RD .34.31 1PN NOVD NIV
- NMYPYN

DTN IWUND )P0 NOY DTN P20 11D DY DTN P2 VI OY DAY PR DTIN Y e

JNY NPEPRIVIN N2 VI DY NDPY TN NN T2 PO DY

2N XOY DNPINON DY PTY NN DY DNIMONR - @
%21 PN
2 57aND NYTY NN ,NDIN TIYN OTRN DX NMOLPN IWNX NIIWYNI POY 27APN IPNN
PO O DY YSINND NI LT IN MAN NI TAY DRM NAPI IN 1T N2 T2y DNN
NOIWNN NNMIND WX DMIPNNN NV ,9MmuNa M nownn (Sayfeld,2017) moomd
, DY DNIININ DY TN TN IWNINN OMDNNN PON .VIAIN DY NYYON NIIYN NNIND)
MY NPDIVIIN DY) DNV PN DMDNIN 2
: D033 19012 NN NT IPNNRN DIPIN
e Sayfeld L, Peretz Y., Someshwar R., Edan Y. (2014), #Evaluation of human-
robot collaboration models for fluent operations in industrial tasks”, RSS 2015
- July 17, 2015 - Sapienza University of Rome.
e Sayfeld L, Peretz Y., Someshwar R., Edan Y. (2014),”Evaluation of human-
robot collaboration models for fluent operations in industrial tasks”, ICR 2016
— 5th Israeli Conference of Robotics, April 2016, Herzelia.
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Sayfeld L, Peretz Y., Someshwar R., Edan Y. Performance evaluation of
different populations in human-robot collaborative systems.

Y’YVWN1 903N OP1791 YN MNWNRI IPNND

Sayfeld L, Peretz Y. 2016. Evaluating an adaptive robot using human-robot
collaboration models. Final Project. Department of Industrial Engineering and
Management, BGU

Human robot collaboration: performance measures of different population

working with robotic system.
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Nan .1

' ynaA
DMNMDY NN DNNSD DX0IN DNNIN,NNIND NONNY NOON MINHONYLIN 12 MY TIND YDYa

DIV MY NI MYN MY, TON INNIND INDNOVN NI1TN2 DMPN NN TIND DN NN
22 718 DY NN NHRND NDID MY MYIN) MOIYN JIIX INDY MYITH NPNINOV
DMV DXV NN T HY NPVIAT MDD NPYH MYV HY DIV NN’ PO MY IPNHN
1997 NYaYN DOVIATY ,01D .V DTN DY NOMWN NTIAY NASWNN NPIVIAT IVINOY
DPNN 2172 TN DYV N¥ 1P D52 VYN DINRNNI DN ,0MITTIND DMNN DY D27 OINNNI
MOIWN NPXA POW NITY IPNN PP .OTRNND DIXTINNDY DPNHMVIN DPN DOV
(Claus, M5 NPNANIN NN D>THINY NIVHA NADIWHN NTIAYL DIVIA DTN N2 MIAYWHY
79T MANY , 1NPPNY NONM NYTHIN 29D NMVN NI D) NON .Alice & Thorsten, 2011)

22091 12IXD MYV NPNINN DIDNIA NIV

n'wanix'n.1.2
DTN P2 NOWI NIMY NNT NNWD PDUINIVIN TIND IR DTN )2 NIV P 1YY NNV

VY DMNNNRY NPYA 1901 121N PNIVI TAIDN AN NN NI (NOVW NIPNA VIA) NNOND
NN OORNND NYTY 0PI OXTINN MY NI NIV .,MNINT ONY XINNY MO NPNY
012170 DTN P2 NI H’NY DAINIA IYRD .DDVPON NN NN NN YNIY YT M NT DNINY
DTND NDWH ANPY 1I8Y NN DINNND NI IN VIAY NNY NN D¥THN DANNY DN

220 191N YNINN NYIVANY 1T NN

7NN IR .1.3
JDTRN DY PO NN %99 oW NTIAYN A8P NN VNN DINDN OMINON NN PO IPNHIN

DDINM D970 NN NMO DNINONN .NAIIN NPOWN NIY VINI-DTN NADWN NOIYNI
Syfeld, Peretz et ) 93non DNIMNONY DNYHN DDIIN ONINON INMD 12 NHTP NTIAY DY
DY NTIAY2 MONN PRV MONN NPDIVIIN DY DN NN NTIAYN NN .(al., 2014
125970 Y312 INVIANY DTRN PO DMV DNMININI YINOWN NYIVN .1V NN
9900 DXVIIN DY NDVIAN NI DT DY NTTN) IWUNR NOWNN MDY PP DD HY
Y2 1779 HYYW DXDVPMIN OXTTN YT HY INNMID YR MYAVN — DOVIAIN DY NPXPRIVIND
NTIAY 90N PN OXTTH .1PVIT NOIWN DY Y NTIAYN 1PIN DY DTNN PO NYsVn
S¥1 NONN NON NDIVIIND DY DINT DDIAN DMININ DY HYNN V1IN IYRD NOMYN
YD N2 NT OMININ .OXTTHN DY YWD DN NN )PDNN PIY YT NONNN NMDIDIIND
21 DTN DY NTIAYD Q0N ,NMMON P KD MIRNINNY TD OPTN P2 DMWY NN POPID
LDTRD DIINON DY NHINRNNN DTN D) ,1PVIN NIIWNN

,7T APNN NNDNI NMAY NN 59150 DIINONRD ©IDIN NX NNNY 1INIY DINNININD
DXOPN  2) NONN XOY AWN) DTRN 12 NTIAYN 2OV 7NAY DNIYMON DOIN DNPININD DN
DYONN XY DY NTIAYY INY DINNND DTIPN IPNNI KNI TUN L (DMWNRIN

,MONND TN DTNRN 12 2DWN MY nonn o oM (Syfeld, Peretz et al., 2014)
YNIND NMOY DNININI .NDNN IDIVIIN DY NTIAYD AN 2V KN DTIPN IPNNIVY
.DYONNY OXMND DMININD DXONN XYY OXMNND OMINVION P2 NTIAYN YNNINI NN



XY NN OINRNNY VIAID OIND NNMN NTIINN NIVNN DTN PN DINDNN DNININI
O3 NHVA YT YTTNA NDY TIN NPYN NN NHVHPN WX GMYD D YNPYDY DTNRD NIIVD
Scorbot MDHN WNN NNIT S5 HYA I TINOY VI HY WXL DIININIRN KD DIV 5D NN
NN 1VI9N PN 12 NVIDIDVNINIY D11 PYYN NOTHNY NPYNNA DXV NTayna ER4U

JN NODI

a7nnn nnon.1.4
DYNNINON MY P2 NN DD WX DTND 1PDNY 1NNY DINNND ONININ DY NN MM

L0121 DTN P ADIYI PHPWA OTRD 1D 19 DY YSIANHD NNPHN TYUNRD 012 D NaYw
D 0N NI OTRN 12 2OV VININ NN DY UK DMWYMN DDILN NYRIN DIININRN
10 HYa XIN DTN I 2HWA VIATN NN DY TYUR 2HNDN DMINON NXIN NIV DNINONM
910 DN NONN DTN NOVN IPRY DTN P2 NN YSI0N DIINONR NYIN IPNNHND NIHON2
YDVUPMAID 1IN YIAPI NININ PIT.NNN XOD HYMNY ,0TIPN IPNNNN DHNDNN OMINOND
DN NN DNYT DX NNNY IWPIAN MNDNN NXR YAV INNRD DIMDID IPIINY DNORY YT DY
TP HY NNVY) DMININOND NPNA .DXONN DIWNIN DN NROWHNN NN AN DNV IWIIN

LDIININ DI DY NINIAN YT NXNYD

NYIYID MIVN .1.5

559y OYTINY DOV NY : NYINN VI DIND NONIVWHN NTHIAY NIAD M1 e
.12590 NOYWM N1 N9, Scorbot ER4 on wain nnat

.1TI2YN N22202 MONN RY NPDIVIIND MONN NPODIININ P2 ONVYNN DMON NN

DOONN NOY DOWVIN PIY VI DTN YW Namwn NTaya DXoNN Pa bTann pn e
LDXDOUPMIN WX STTH YT HY NAMWN NTIAYA

YT TIN NONNY NONK XYN 12 VITN DY TNYN DTND NIY MNP NP 1PN @
0NN WHIIN NI ONN PTN DY MOPMN0 NYTOIT Y Ny

NON YV MYDIYOIND Y DTN DY VIDIN YV NOMVYN NTIAYD DNINON MMy e
.DONN

.DYONNN HY NYDIVIIND II2Y DTRN DY VIIN HY NOMYN NTIAYD DIINON MY e

DTIPN IPNNIN DINDNN DIMININ AT NN HNON OMININRD DY ONVIANNPNL @
NN NN ONPN PPN HNonn omIorN (Syfeld, Peretz, et al., 2014)
PA SMYNWYN STAN NN XD 1Y DXONN XY DY NTIAY LYND DIV 0N DIININ
DMIYMN DDA DNININRN .DINDNN DIMININD A0 OMIYHON DDIAN OMINON
Syfeld, Peretz, et al., (2014) N¥{pHN2 HINONNN 2O N



01299 DTN NIV PV S5 MYSNNI LINDN VI NN ,ONP IPNN .1.6

12 HyanNa N5 Ny M (Syfeld, Peretz, et al., 2014) mnTip NTHaya NNMAOY NIIYHN
NOMYMY MINNN DTN DTN OIRNNDND DPTY TONOVI DAY YNTH XN D8N
(MHIUN NOWN TN Y3D) 5aPN2 YY) NTHYA NTIAYN INIADIN TNSD VIAID NDIRNND
9952 MY NXRINY 2INDNN DMINIRND INPII 1T IPNN N1AY .TPYRD NDIVN NDIVA NPV
DY NTIAY2 DONN KON NIY DMWYHON DDA DNINIRN DIPTIIN N2 YN WINAN Y TN
NP2V DHNDNN DNINONRN .DHNDNN DNININRNN NYPNIA DIV DINN IXRIN TN VI
,DTRD DY MINPRIVIN D NN YT DY VI MPNN IR OORND YN DTIPN IPNHIN

STUNNA VBN YN NN H9IDN DINDHN DIMININN I12Y DIDID WY DI NT DNINON

PN Maywn 1.7

125 NOMWN RY DTN DY VI DY NAMYN NTIAYA WINAN STTNI PN DTIN OOP @
.NONN DTN DY NOMWN NTIAY

TYY DIMINON DY VI DTN DY NIMVYN NTIAYINNIANITTNHI PRN DTN DD e
NONN RD DTN DORNND OMINVIN P2 T2y0) NN DY DIINVIN PAY NN NI
(NONN DTN DINNNN DNMINOND



M99 9o .2

anTn.2.1
D277 NNN )N 12Y NN NXIND MONM NODKIN DXVINT DTN NI MIATYNY MIIYN

mam oy Won (Claus, Alice, & Thorsten, 2011) MM NPANIN NN D>THIND MWD
ANPPND O MWD NNOND DWITPN TPNXPNRT MIADNY NI NOTHN 2DN NMVYN
220D I2IXNIY MY NPNINN DIDNMIAD NNV 77T MIAND

FMS - mwm) 9185 mo9yn

M TINT-IA XY NHNON (flexible manufacturing system - FMS) nwany 78» noayn
5772 1% Noyn L(Seifert & Morito, 2001) D»9ON MNX» >IN DMWY DYPYN M0 YW NI
YYNNN ,TIDY YD HY MOUMLIN NATNN NDID MDY NPLVMIVIN NI NN 190N NOND
NP9 NPYL TN DMNIVNNN N/ DOV ,NMNONN P2 DXPON NN TNXY VIOV
MY SY NNNDN NN N ¥ AYNHD NIPIIN 191D NIIWNN SVNMVIN JONNY ,MNINN
1 MW .(Groover,1987) MAN IN MM ON 12,0V HYW NI702 2)HND NN NIVINNDN
,INYNRIN TPINVPN .Y MY NPINLP MDD 1 IYN,NPIPY NPINVLP XNYD NPONNN
, DOWTN DX DY DIMND I8 YT NNV NN NN DY NNDID NN NDIN ,NNIND MIYIN)
2N NNIPI NIYN TPIMVPN .PONN DY MYSINNDD MIYAN ITO IR NNYO NN NN
PON YY NYIVO NNIN NN YD YT NN NN YWHNYND NDIDNN 250 TUN MWD
DY) DTN MPA OMPY VYPD NOIYNN HY NDIDN DX 1N ,DN0N

:(Groover, 1987) on FMS Sv 0»pyn nmamn

.DM¥N HY 2NT OINNA NI NN

NP DTND DNDN NN .2

.29 PYTA NN NN NN .3

M) NN NI MODON .4

210N PV VI NEMN NIV DXNNTN DMV JINY DINNNY MM NY MOIWYN
Y TY> MHIYNL DNIIY MY MDD AN MW MOYN NMINNY FMS moayn 5551
.(Li & Zhou, 2006)

CIM -3unn mavrwun 998 mayn

NPYND DYMDN) AWNND DY DIDDIANN NIIYN IX TPND NITHN AWNND NIAIVN NN NN
DY 0y >N AN TOoNN XN CIM noyn n7tya 918 .5yana N8 HY MSMOVIN
.(Bozdag at el, 2003) M55 931N NN DY D1PNON) IXINN

,PIPY O DINNA MO ,MT NPIIX MDIYN PNINOVN MNNAND DY ,NININKD DNV
MIAVMNND NPNZNIVL NYNHVN DY TNSN AR MPINI NN ,X7I) D¥ININ DD ,MVIN
DINN DPNNDN O1NMYYN DIMNNA AN YW Y . (Bozdag at el, 2003) ynNa
Groover, ) 93yN DY NPNNN IMYTRNND 2157970 DINN NIN VI NPPVIM YDV IND
DYYINITM DOVMININ-TVPON D257 ,DOXNINNN DMIPA ,AVNN MIPHI2N OOV (1987
PNONTY NWNNY 2T HY 19D NXAND NIVNI INMOY DIYNNNNIND NXPHN DONNN DMION
SV TIND MNTPNN MIIYN OY NN MIIYN NYMN NN ADWN M)ITIND DYINN NN
MYID) NN MOIYN MIASYN DPN DY MNTPNNN NE1N MIIYN . 2IWNN) IINITVPIN NIPA

MM MY D51 MR NON MR L(CIM) awnn Mamnwn N8 nosy Mowm(FMS)



HIGH

LOW

MNNANDN . TIYY NONND ,2O00P0 ,PIPdT 7DD,V NPYYN 11D ,PIva DII»PN DNWN
NN D912 HN0N PPV TI OMPN TN DY INNDRNN NN NA1NN PV NOOINNNN IINDNIVN
21990 NNID WIND TN DY MOVYYNI MNTPNND MOIWHNNM DOYSNNIND NOVND 2PN

.(Groover, 1987) NPTV MMM MDIVNI S NNINI NPRNN

n'¥NIvIX.2.2
-9y, 0NIVPIHN IN DN DOITIN WINOYW NN (7INDSYND 9397 - NPINY NINPN) TPSNDIVIN

DTND N NIINWN TIYMOVIND . OTX T YIN NIY 10NN G872, M NIT0 y¥a» mn
NI TPNNIVIN DPNNYY OYNONIV DOWNHNRI MADMN )M NP1V MOV NN
Y AUNN-NMDDID MIAYNIND ,NPNIOVPIN NN MIIYN DIY»I NPOWN INDNOVN
NP DM ,MINMVIN DY M 901 P (Groover, 1987) NNON Yy NP NOYON
NONMNM NP2 NN ,OTRNN NVINMN MNKYNNL 1T YNIN AWNNNIY MV NONMNN

NI P AVNNM DI VONN DTN 1N MWD

:(Sheridan, 2000) M8PIVIND DY MNIN 10 oNH

9. informs the human only if it, the computer, decides to

8. informs the human only if asked, or

. executes automatically, then necessarily informs the human, and

. allows the human a restricted time to veto before automatic execution, or
. executes that suggestion if the human approves, or

. suggests one alternative

. narrows the selection down to a few, or

RS B ~ N ¥ ] I NN |

. The computer offers a complete set of decision/action alternatives, or

1. The computer offers no assistance: human must take all decisions and actions.

o"nY nin -1 'R

NYTN MY NIXN 0NN T HYY X719 OOPON TN IN DMIY I DY TN NN POIN
Goover, ) NPV NPIMLP YIZY 7Y PIAINNI 12991 THNN .NAIIN IN NN NN NRIPIN
: (1987
.(Mechanical Fastening) »Non py1n .1

NHIIN ,0MPI ,DNIN ,DNI MY DXPIN NN PAND -NNYNa TN 1.1

Na)a)pim)

.NYTIY DXV ,DINDN 7Y DOPON NN PININN -NNDN 1.2

DMV PPN -XND2 NN 1.3

DIV POND DOIRNND TN DY DXPONN TR YVDIN NPV -NNN NPYI NN 1.4

.oN 1.5
MPONN NN, I PR - (Joining Methods) 122Ny Mmoo .2
NPa7n - Adhesive bonding .3

2SVDYI DN MY NPATN -NPPVOINNIL 3.1

10. The computer decides everything, acts autonomously, ignoring the human.


http://he.wikipedia.org/wiki/%D7%99%D7%95%D7%95%D7%A0%D7%99%D7%AA
http://he.wikipedia.org/wiki/%D7%99%D7%95%D7%95%D7%A0%D7%99%D7%AA
http://he.wikipedia.org/wiki/%D7%90%D7%9C%D7%A7%D7%98%D7%A8%D7%95%D7%A0%D7%99%D7%A7%D7%94
http://he.wikipedia.org/wiki/%D7%90%D7%9C%D7%A7%D7%98%D7%A8%D7%95%D7%A0%D7%99%D7%A7%D7%94
http://he.wikipedia.org/wiki/%D7%90%D7%93%D7%9D
http://he.wikipedia.org/wiki/%D7%90%D7%93%D7%9D

.PAT MYNNNA NPT 3.2
: DPIPOY NPINVP YIDYS DPINY ,DOV0 1XYW NADINN YIDNN NINAD MOLIYW 19010 P
SV 71D 990N MNXMI MYXINNT MDIDN NITIAYA MMNIND -NTHA NT NI NN .1
NI MDNN N IN TAN T2 DYOND NI 1D NINN .1NYS TN N2 NAY N YT
SNNOT MPTN MYITL AN DTN
.NITIY DYT2D DMONYYM DMIDN DY ,N1AD ,DIVN NN : MNDNT
79 ©YPYN DX9DN TINN Y92 ,NINT TDA MNPINN NTIAY NNNN 990N 9PN - NAIN P .2
S9N AN DAPNN NN IP N0V
2 DIPNA TN 1-2 NPINVP 1D PN INMNI NITHND -NVMIVIN NIDN N2DIN NOIWN .3
INDNY OOV MY NHYN NI DTN

nr'oinn nNyn.2.3
.DPWVINIY YY) YONDIADY HY 0701217 HY NN MINID ,IPNNA PN DINH NP NPYVI

PN DNV TNINOVM NOTIND MDIND P2 TN ONRNYY THYN 1Y NYIAD NPPVIAIN
NN VI R Ny nwvaw , ROBOTA masn noa X0 ( Robot ) v nomn
DY, YT AP IN PYT TAYN NI TIDY DTN NNIVH NYINY YN N1 NHYA NN
(2009 ,79°N21 *NIN HVIOP ,ON) N2XA0N DY NPIPRIVINI NOWIDN TPHIMVIN NIPA NN
DNPMNN DNIYINN MPY IN POV ¥ DY Hapnnb ©X910 VAN DY INYNY VYD MM
NN (power system) NON MMNPN,VIAIN NN : NN NN I9DHDN NI VIAIN .VIINA
(2009 ,7N2) & ,P¥IN HVIYP O) (control system) NIPAN NI (Drive System) NYINN
PHN YV N12NY NDPOVI ,YTHI DIWN XY DNNHD DX 20-N NIRNDN YNHND HNN
DMINN DMINNY ,INNNT P09 PYND ,MNY N¥M MOIYNI DXATWN D17 DIVIAT DYNNRD
102> 55953 NHaN2Y VY9I NMYYNI ,DXVIAN DY DIODND) DMDYN .NMINDY IPNN 115IN2
o»MYYnNn 0VININ . (Geismar, Manoj, Sethi, & Sriskandarajah, 2012) yatn oy oM
MINDN J9IND DINMD WYNM DMWY NRND DY 50-N NNV 9ID2 27NN INMY DMNYNRIN
D19 DXV IDOW T TIN PIY YTYNI NN NOWYNN NNNINN 70-N NNW1A .60-N NNIVAI
Y905 DYVWNWYN DN ,NMYYNN RN DIVI DD DIYYN 12Y MPOPYN DINNN .NYY NIN»N Y09
MNPV DN TIDY DN DXV DY DMIPIYN DIVIDIWN . MIITI MNIN DY NN YD Y
M2 ONPMN NIV NPNONND NOYYNI DIXD) NON DOWVIIY .NYaN) 1250 M
DMWY (2009 ,71N) & PONIN VDY ,OM) TIIM NPINIVPIRD NPYYNI 191 DXVIANIN
D»VIY DN NINND YN’ DY) ,0Y DPN MND D) DXVINT DIDNY DPNNND MNINKD
DMI5NY D¥I9N DMI121IN AN DI OXPNN AWNNN >TaVNYD 015 .IROBOT jno oovian
, N1 .02 NN (1) N2X207 MYTIN ,NPMINDN NP2 MDD, WHNYND 2INON) 1IN
MID .MMY M DXIAVIN DY DXV IXMD 1IN DY NMY DXIT DY DIT2Y DIPIN
ANMD N NIVNN NN MNOWN VINAZ IMDIN DI VIV DIRNMY DXV NIV

NNV NROIWN DI YNIZIYIPY PPADN DIV DOV ,D0MPHDIMNN DOVIN



012990

WINID DYDN HDD DINRMN PON OVIIN NTIAY XNA OID9HDN 229901 N VN
(Groover, Weiss, & Nagel, 1986) >012770 NTAyY XN2 WITN PYNNN HY SINDVINN
PND OO ,NPNINIVI MNDN HY DM DXVWTN DD HY NINS DY ,0NYN N¥INI
TIPYN NIPXPNON 97y NN DIVIAIN NPDY DXITTN NNX,DTIP 1ONNY 290 .NMY D772
DY) 1IN DIV, NNV ,WIY ;NN NNNY 1N DMIPIN DMNDN P .DOYNIN DN DNINY
2193

(Groover, DD NWYIZWN NNN NPNY NN DNYY NYINN NIIYN 97y D) DXV INDD N
: Weiss, & Nagel, 1986)

.7N12) MPNN 1T NID NPIDN N MDITI MDIVND MIRND -NIDINTITN NN NN .1
PN IR NPRNN DIV NYNT T NOTO NV NNV DN MIMNION

PNIM 29 PYT NN M NYIATI BN MOIWNY DIRNND -NPDNYN NYIN NN .2
SPDINITIN DY T DD N2 MTPNNY 29 NID PODY N1DID NN MYNWNN NYIND NIV
D219 DNINN HY2 VIV THNN DY DIRINKRY DNVP DOVIAINY NNINNND -MPVNINIG NOWN .3
YAIND TY YNNI TINNT 91D MOLMINID NYIN NIIWN DY VI .PON DY NPV POIN D
9N NNIT

NDYDY ,NYNNN NN - VIAIN DY DMIPOYN PN NN PINAD 2IWN VI NN PHNINA
NN NOOVNY DNHPNND DX IYVIND AN ,WIND NNIT NN NYNNL PYTN, NNINN
:(Groover, Weiss, & Nagel, 1986) y¥15 798 01210

NTIAYN NMON NX OMDY VIAN 91D NN NN NYIP NMPNNN : VIANIN NYND MPDN .1
DI ININ DY NNMT ASP NYIAPD NPOMIP NI IT NPNN XN NN NNINNDY D NN
N TYUND VI N¥PA NTTNII VI DY NYNN NP I NN TONN DY WaWnD NDI1DN
.NONN NOINA

AN ,NNXNN DY KXY KNG NN VININ DY NNINN DD 1IN DY DININD NN .2
AN NRYN) VIN PITYI,NNNN VIV NYIPI I NI .VIAIN DY NYINN NIV
WANY NN VAN YV NNINN NDID HHNDIDPNN 2NN NMND NN TWND ,INNA YoNN
Y N9 DINNNY DX2MN NNPN Y209 INYY YW LIONA

2812 ,012)70 YT NP NN D) P72 VI DY NYNND PYT : VIID DY DYNND PYT .3

NP
: DNIND NIDY 97y NWYI PYTN NITIN
NTAY PN 5O APYN T DY NYSINND DAY RN NPIYN -DTAYD XN NPIYNA PrT 3.1
PNIANY D1 VIAINY ONLP YIN DXPOND 97y TTI) NTIAYN KN NPIYNA PYTH .MMYY
VAN PPT NN YD 1N .0MIPAIY ANPIND NI DIPNN TOA NON OXPINN DT .0
LDMININN OXPINN NITY MY IR NVIIYN NIIYN SYW PIDNN NITIN 7Y
,IIVINN MYV DN DNDN DIPXID VIAN DY NYINN PTO NP ODID -DYINND PYT 3.2
DN .VNY NN 7PN NIN PORY DIPIID DN POX WIN VININY DIPXIY DNMN) 00D
21123 MM MNP I IR INNN JOP IR MTIPI ONY P2 PNIND
1 DN NION NTIPID NYIND PT DY DIWAVNT OMNDININ




PYTN NDIY VIN DDA ANV NP VNNV DI -VININ DIDIAY NN NP .3.2.1
D7) VTN NNINY DPWNNY 53D JOP NN PYT =YD NNIN ININ DPYNN .3.2.2
MY DY HY9INN Y200 XNY 2Py
YOP NI NDINY NNXNIND VI DY NTIAYN NDIADY YD -NTIAYD N0 YT .3.2.3
AN 210 7P NYINND PYT,NTIAYN RDN AN
IND D) .MV MNP DY 1901 NTIPI NNIND 2ITND VIAIN DY NIIDN -NPNIN 3.3
MNTO PR NPNIND NMIYO .NTIPI NMIN DY AT TNINRD TT0) NI TN DN PYTN TT0)
Y20 TP VININ NYNND PYT .TYN NP 220 DMPID DY MNP MH2N NN PN
MYV YIN) TO2 .I0Y DIND NTIPID VIAIN NN TNNNIYI NIV ,012)17D DIPN YNI) TUND
MY NNMIND NTIAY ,112) NNIN DPYN APY MNINN
YINY N 2999
TRND DOVNHYN DN .NPIYYN TPIMVIN MDIWNI DPNION D257 DN NN NiMdT Y19
)9 NYM NMT 2959 012N DY NTIAYN NIX202 DMPY MM DIVIND) VI 297
2IVN MYNNINI NANN D290 (7191 YNYN MIX VNN XND MDY 900 NMLY W) 219 NP)D
NPT 1257 795 ((Nof, 2009) NMXIN NOWIN NN DIMXNT MMN DY 987 ITVNN YoNnvn
NN POND 17 .OMVAN N ,DO0NN ,D2IN-1ITVPIN ,DOINUN 051D NPNY DN NN
DMOVNT DNIYON .DYNTIN DNOYONY NIDVNT DNIYMN ,DMDY01 DMD NYH DNIV»NN
DN INODHRYN DT NITY YN DPDNN OMPNLIN DNIYIN NNIYD DDA YN DIPIDN
NN2 ONIVN 19D DN DIDTN DIXDVIDV YIAIND OMNX NMNDN DIYPNN DY NINK NPITN

:(Groover, Weiss, & Nagel, 1986) nT1ayn

DY MINPITIN NN D127 YH JWHON .INK DY PAD 102 VNN DY TINPYTIN 1NN : YN w»n .1
MDY YN OV NDOW DY IN 7252 VN

NITHN 9 DY NNNWNI JWHONN MITNY .DMINY PAY JWHONN P PNIND DX TTIN : DAIPIWMN .2
2NN

DMV DOYPIV DONIN ,PNX YND ,NNIVINNVY DI)N DN DHYMON : N0 \WHON .3
DY DYYIMNN

NUNYN NNTD NOIVN .NNOY MR NIIWND DX9NNN HDI TITA IR NYON (PRI NYON 4
N2591D NOIWNN T DMANY NPT ,DINI9 NNOND ,ANINL VITIN MNSNPND NN N
YTNRY NANN NINAN NN NNNNN NN NNTNRY NIIYND 0DV 1WIN : DPON NWIDYN
2apNnv

0935599 -*1V12)9 NNAY NN

DYVIANT .NANM) NANT DN NOVN NN OVIAN NTIAY RN DY LIWANM pwnHnn 1on
AN VN YT AN DY TN ,NMNIDN NYIIT DY MIYY 10OV D DINNND DIV DINNDIY
22901 DX NPNY DX21N ,MNOVNN D51 ,0°012)771 D), YT 90D Y890 1V12)) NN HY
MY MVIN XTI NPNIINN MYIINN PON .NMINYN NPYYNN P2 ONPYN DY THNNND T2
YN NPT Y2209 ,MNMDA MIPAN ,NPIDIN ,NNP 12307 1N DMOYN D107 YW NN
¥ 2T DMNION PVIAIN NTIAYN RNN T XN PON DN VN DX MNPY TNXD NIVWIN)
SV IMDYN 495 TY WIND N1 DMYY - DD DX DN INNDOWND VININ P2 NININD NNNRND
.(Siciliano & Khatib, 2008).18y V2N



09219 DAY NN 193903 DAY 225 MNIPY

P2M NVYIWN NOIYNID DI XNN DY 2191 2INYY D) DNMNNY INYHY VI NTIAY NN NON2
: 0002 DN 3 DINMP NTIAYN RN DY OD9N 1INV .XNN DV

(Groover, Weiss, & Nagel, 1986)

220 DHynNa DMNIND DIPYNM TPSN INY YD) 15992 DPINN VIIN -1579H2 VI .1
NY2IN TINAN 7PN DT .NPYOI NPT WD PRIV NYIAP NDIWN VI IWRD DWW MY NP
DPPOIDIN IDY NNNA NI

SV P DMP 1D NOIYNI -(DXVI1A 190N 77T DI NTIAYN RXN) NN IPN POND VI .2
AON DYPON DY MW DOYNIN IPY TINDA DXAXINN DIVIAT 190N IN THN VI DY) DXPON
IN NOWNNN NI2YN ,NYVIPN NIAYN) DXPONN NIAYN TIT DY VONND TNN YW 11D NOIYNI
ADN 1) DY NYNIAN OPONN NIV DD TIT2.( NINONDN KD NI2YN

MIINKN MO NN DY IN NININ DY IN YNNI 515> VININ -NTIAYN XN Y VIIN .3
DYDY DXPON PAYND YPPINY VIAY VIV YON P NID N .NIPNY N NANID
LDYDIN TIDY MNT DNOY NMNDNNI NPYVLI NP IN DMWY

NOVYYYN NOIYN NN ANYD 1LY ,NNOWNY DORNNA RND DIXRNNN YDON 1INV NN INNRD
TPNDNP NPNY N1N TPONDOVNN NN TPANY YVI NTIAY RNV YTI2 .XNN DY NIPAM
V0 Swnd mowann pon (Groover, Weiss & Nagel, 1986) Xna nmwin mivon ya
JURID PIDINNION AN DITH 27T, MIIYON DY INK PON .WRIND PRI 1IN 29 DY MyXIan
,D22059 DY DNWIN 1212 NMYNN MW NN JN UKD NNNHINND PWRY M2WSN Pa
TMLNID MYYINT MV 121 MNY NPPN MW ,DO¥)N DN DN NNNNA MMONN MW
DYOPIYAMNPN PNIND (AN NIMWN NPNNX DYNY) DTN 120 VI P2 N OXVIA NND P2
970 MTPN ITO NYAP LUNIND NNHNNND JPIRY 1IN UNIND DNHPHIND MW pay
1220 NN Y DIVY) MY

: D107 OMID 3-0 NPOINN NTIAYN XN DY NIPIAN

(Groover, Weiss & Nagel, 1986)

Y (NDX7) NYYNIN MDOYAN DY TIXINN NI NOIWYNN DY NdIDINN NIPAN T -987 NIpa .1
MRV NNNHNND MDY DY Y85 RNN HYYW MNYIN 87 DY TPIRINN NN .NTIAYD XN
TYNN/NPRY MOLYNN NYAP W L(DINX DXVIAT DY NIVIINPD MWD 19952)) NNHIND
NP AN DY DY TTINNNY M1 MIAINN NIPA MIIWN .UKIN NTNINY DINDN MIAPY1
YNID GN) (DNINND 90N INRD YT TP NAONN 1DI) MITHVN NIDOWN IN MOPN MO
2IVN MMIVN

DMIMP .RNN NTIAYI 2NN NN OIYNN DYDY TWAND NN IY PYNN NIVN -DO¥90 PYNN .2
DN DXANNY,MOPN 01N 22NN : MINDIT .NPNIIN NN YN NMANYN DN DXANN 90N
X2 MMOWNN NN PON JY IRINKY NION TONINN PON NIN DY

D28 INNRD NONDN NPNNY NIPA NIIWVN NPNY NN A1 XN DI -MNMVIAN DY NIPA .3
MON PONNN PONI T2 DY YINNDY DNIDDN DXANNY NNINND DIIVYY DIANN IN DIDN
PIYIN NPYY OONPOY 19010 NNYT NX NN DY NTIAYN RN



10

NTIAYN XN NION TONNA NYTN NN NN W JPOYY DIXRWI) NNDOWI PND
:(Groover, Weiss, & Nagel, 1986)
NTIAYN NVOWY NTNY 3.1
STPONNN naVn 3.1.1
,XIONT MO, PYT ,MNN DY DXONA DY PONNY DIXRNNND VIAIN MNMINN 3.1.2
PNIINY NN I, NINOWI WD
201277 7Y PORINN MINAD NP2 NIV TITH 3.1.3
DVININ NTIAYN NN ION 3.2
TIAYN RN NO NPNA 3.2.1
A9 VN 3.2.1.1
SNSMNIPN POND VAN 3.2.1.2
TIAYN 55N YN VAN 3.2.1.3
VTNN NOIYNA THAND YT DIVONT NINIA YNIY WITI DMV IDIN 3.2.2
TN RND ©PONN DY NRINIM NOON ION 3.2.3
.NDND ©WNINN OYPONN MNMT I9IN NION 3.2.4
(V127NN N0 DXWIN DY NN D) DIYIY) 1N2¥201 VAN DY NN 3.2.5
.Y XNY DYWYWITIN DMPYN YD DY NPOON oM 3.3.6
.MIPaN 5N 3.3
IR IYAT IYYY PYNNI NPDIDIAN NYNPNN 1NN .3.1
DO¥90 MIAIWNN NYAT DIPNIDINI 3.2
NN NV NIPA TN TIN DIYOIN DN 3.3
VAT NP2 NOWN DN 3.4
MNPV ION 3.4
STPONND ©OWATIN NNPN 22307 NPNA 3.5
T2V RNY ©OHWN DI NN 3.6

VAN DIX 9"Nw.2.4
729N 12w »Master-Slave” PNIpy DY 1IPP¥a DOIANN DY VI DTN P NYIN NPV

T 927 ANPN KXY 28N NI TYNRI IMN NIONND INX DPY 778D VI NN DY SWYNNRD
M0 ,T2WN DY NNV DY NIYY T . T252 NPNINHDI NPLXLD MYV VINTY IWINND
SY N259NN MNP NINIY INNIVY 295 DIPND) AT XD NITIA DD VINN KV VYW NTIAYN
PN DXNNNI DTRN 72 N2 MYV DOYNIN DOVININY P2 DN NPNINN NOYYN
DTN 72 DT DN NN XD DXAONYN KD DOV 1991 ONN MNPV

.(Lenz, et al., 2008)

)20 NPNN NTIAY N2DI MOLIVI NPINNND MDVNY 1PO¥2 NIN DIVIAIL VIV DPD
NT2Y NIA0 SY NNPN IWIRNNY TN DY DTRD NPMDT NPNDNIVY NYOIIT MY DTN
MZIYA YNIY »T5 YNIND 120 VIATN P2 NDIVA NIPY DW»Y 111 7P TI) DOVIAT DY NAIMYN
NN PNND NIPEYA DI NNDNN DY MDA PVNIRD MYININ P DIDOWUN7 MDY 92
mm Yy (Claus, Alice, & Thorsten, 2011) 5 MW AXPN DX PN NION NMDY
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NN PANDY TINOY WY DODINDM DYMNVA DXL TN ¥ NIV NDWI NV O»PHY
.(Lenz, Grimm, Rdder, & Knoll, 2012) yn50n NN ¥y829 19 911v0 7 Yy 05m T2wn
MNIN - VI DIN 97NV

DTNN YV DTN NAMYN NTIAY DIDINN NN IDPHNNT DXNINTN DNV MVIIIN
IUND TNPNA NN DX IIDNN DY NI MOYINND X1 NIOY DD NNOY .NININMN
PVILVIN NN DTRD NN NIV VNN

SV NN NIRDN TPNNIVIND IRNYND OOMYNYHN MNIN’ 190N ¥ NI1OY 1Ty NOD
9N YNNI TIDY DNIYONN ,IPAN DY NI N T2YD SVIPHVIN AN MNNY VIIN
MMOYNIA TAIWD NDOVN NIY JNND XX 1957 DXVINONRN P2 NI NPVY D NN NDIOYINN
NAMWYN NN NMNMWN VI OTRN P2 PYTHN WP .IYNN IN NPHVINND ,MINON
(Kriiger, Lien, & m> > 912 NN ¥Y¥IY 1 DY OXTTNN MY DY NN wHunwno 1»n
9901 19NY ,MYP 912 Y8AY D1DY VIV PHNNIN MV V90N PWNIND TAwD . Verl, 2009)
YHYA IN DTN, 00N DXPON DY TIAYD NDIDTOIN,DTNN DY NPDN RON PYTH NN . NINDIT
DTNV DTN XD NADN NYAND .NYNIT NNONDN KHY NNIND DN NOW M) Dpwn
NINT DNWD DT NTIAY MODOND  NXOIAND D1 72T, ININ IYINHD TPNHVMNNI NTIAYY 9»OYNN
SNDN VI 1D 1N .PNTH TIND NXIN OMIN N OYT2D OXPON OY TTINNNY YA PR VIO
9901 ¥ VI ,TTND .DTIAYN MDIND YNAY IN 9POYNNY 9210 IHINLINND ITAY MVYD
YNYA DMANNI YWY NI NITIN DN NPIONRY PPt VININ .OTRY NINNYNL MNION
0 VI T DY DYMOVN NPNY DD DINY NIADIN NMVOWNI DXVININ DIV D9
PMID NDOYW NITYA OINIONY SYNN T2IY MINN YN MTIPI,0MITIN X DX0IN DY MPOYNN
NN, MYP D190 MNOWN) DN YNDA DXANNI NITTINNND OTNIY NIVININ DY VAN DV
DY MYV NN TIND DINNND VIAIY DTN P DO PNMY .NYAPNN NDVINN NTAY
.(Nickolay et al, 2005) NTayN 9NN ©Y2)12°0Y NDY NMA NNV

SY JPYIN NN YNNN 3 IPX DI OTX DY NPNAD MDD MINHDNT NN 1IN 2 IPN
DTN OV NIV NIND P2 VI DY NTIAYN NIND P2 NDOPWUN

DISADVANTAGES ADVANT AGES
Man Robot
unreliable process control integrated process control
ergonomic restrictions handling of heavy duties
no exact positioning exact tracking
claims demanding work reliable conduction of

monotonous work

ADVANTAGES DISADVANTAGES
Man Robot
high availability critcal availability
simple material supply - requires defined
material supply
task flexibility limited task flexibility
handling of complex parts handling limited b

component characten);tics

vIAN 7M DTX 7Y NRNOoNI NIRNN' - 2 1IN
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M C A
Manual Cooperative Automatic

Work Station Work Station Work Station

&M

DONIN DMNIND 990N MNIN 19DN W DTND VI PA NOWD NIOYH 53551 LPODNI D)
SY MYMIIN DY VAN DY MDD NDOW NI DY YOOI MOYNNY NN 13D 9"NYY
.(Claus, Alice, & Thorsten, (2011 MINWNN NN NMOY DX NPNANY N2 DTN DI DTRN
MOV PMYNYN NTNND X1XAND N1 VI OTR NADYNY I I PTPTIDN TINMVINY

. (Hégele, 2002 ,4 D>wan) MMM P MDY NOWI DT DTN NN

ATIAVA NINN IR - 3N

unit costs
1000

100

10

0.1
100 1.000 10.000 100.000 1.000.000

units/year

XU 17 NT'Y DY 7Y 1972 VIR - 4 IR

97NV MNI"

DTND T DY 92¥2 DYV TPIPN DY 1OPON IN IRDNN NADNNY NONMNN MINNIVIN
1191030 NNINN , NN DY ¥ N9 DY MNMIVIN PTHIND I 2D NIN 12TN NMYHYNI .DP¥and
MY . (Sheridan, 2000) NNYNY NMVIN DY NP2 MDD NN NYAP Hv NP
MMYNI DTN A DY NIPNY NXTIID NI MMOY NTNND DD TITI NDAN) MNMVINY
SY MN2) MNI2 15 NN OMIPNN .TINTDN D) NY ¥ I MI IPXY IN NN
DYDDIANN DXANN YWIAY NN DY) DAY YN DYANN DY MTTINNNA YA VW MINMVIN
MY YT NN NPNOWA PRI TNN W 135 (Sheridan, 2000) 9I1¥»1 NIIVNN PNIT YN DY
NP NPDVPAN MOIWYN

27NV 091N

MY SV NN DAPY IWANRND NIMWYN NDLN MINAD VIAM DTRN MPIN DY NI IDOW
DY INKRN DY PMYOIN DY DNND TARD DY MNITAY T ,INY 1D NPT NDwWo
72 »Turn-Taking” -y 7Stop And Go” NIpY 5y 2179 MODIAN VI OTX 97NV DY MIIYN
Y731 .TND) INJWA NX INNN DTRN 191D INNKD P NMNX DMDN N YyNIn VININY
TPNPRIVIND ,DTX DY 97NV TONNI 7IPYNINY =) PTPRYDT? AN NI TP VI
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(Hoffman & Breazeal,) DYWIN »W 12 iPYPRIVIND 19 NANIWYI NI NPNY NN D2
.2007
DY 7N DY MNDNT IPNDY NI NIPWH OYYTIN 719010 INMS (Someshwar, 2010) Y¥ ¥9pNNa
(TION
Timing based modals - ©%1% ©©YaN YN
W ITININY MDWAN DY AN VI,V Y MOLOYIV MDY Y8 VININ DY DTN
DY WAYND DYDY DNIWMN NI PN .DO¥NM 7Y TTNN NIN DIV DNDN AT HNTVINI URIN
.(Someshwar, Meyer, & Edan, 2010) m>wan Tun Yy X DONI0PNN
Sensors based model - 9990 99N SN
D .ONYONN DVAPNNY MMN MY P MDD NN YN¥IN SNMND VININ 1Y TN
WM 20V MONN 2VY : DMIPOY DXV MY MON NV NIV MYXIANY MOVN
NISINY DWAD DTN WINY T DNWIONNIN IRIND DAPN VIINY NI NI NHINA 1NN
NN DN’ VIAN ONY1N DDIAN DIPXN DY NIPN DN NININNY DNNNA NN NN DD
INRY 192N5 SMS N DTRY 10D PYT ,WPann DIPMY YN DTNND IUND P9 MWD
0N PS8 NI WINY
.(Someshwar, Meyer, & Edan, 2010)
Adaptive Model - Y%nonn Y10
YT TIN ,DNN I NI TYNN NN DIRND VI DT DTN M79Y ,ANNA 25790 DTN I
(V12191 DY DTRN DY NIYPRIVIN DI NON NPT NDIVA NN NXD) DTNRN DY INDIVAD NNPNNN
195 DN DINNINOND VIIW MY AINY PYND 1N
*Task Modeling approach (Tan et al. ,2009)
*Hidden Markov Model (Xu and Yang ,1995)
* Dynamic Bayesian Network Model (Tahboub ,2006)
*Expectation Management Model (Hoffman and Breazeal, 2009)
Handovers -m9ayn
DYINNUN DOVIN ,NOYW DY DPNN TI9) N2 PON NN OTRY DTNND DYPONDINON DY NYPON
170N YN N DY DMN 020N DY NNYPNN OXINN DR DY IWpnn man Sy
.PONN DY IWPNA IPR NN NN 1N -N NN DDA DTN NI NNIVYPN NIYA .INYNNA
L0 NYM) YD) DY INYNN ONDN DD NYPA NIV 7NNY-N NN DDIN PNI0IN : RO
,N2IND DXNN DD DX MNNRN PIAYN 7HINN7-N X 0X0DIN DN DXV DXONN N2INY MNKRYD
PR IYRI NN) D22Y) DY IINRI NWIN 7Y 7 PRANIOINY 7 NN DDAN DRI PONN
(D>VIN
.(Strabala et al., 2013)
DNY DINND NYPON
YNID DINDN YN M2 TIND MAINN NPSPRIVIN 01 (HANDOVERS) mony nnd
YIND 72 2992 MWNT MMTININ PY NYTIN NIAVNNH/NION D1 NDVIRIVIN NI
71725 M Yy (Strabala et al., 2013) 1993w DD Y79y .DTRY DTNI DINON NMIAYN MINIY
0NN TONNA DMIPOY DYDY NWIDY DIW? I NI NWY TNND DINON DIIAYN DOWIN TN
Y NYD) GONL YN DTNRD PONN NIAYN <- NIAYNY NMNDI DY MINMN <- XINN NNOWI : O
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PHN 92YP YNNIV YN YONM NN Y2APNY DTRN ,DTRS DTND XON 1231 DN DIPHIN 89%
,029 MYANN IPOYA WIHN DIIINY IMPT DX1DIN VN DTRAN Y NINY DRNT 7Y 79
.DMPY NYNM DO ANNN

Approach/Carry Signal Transfer

DTXY? DTN |2 nY'on - 5 IR

012999 DN P2 190N

YR NI NN 19IDY XON NPON 19 N DMVIAN YN OTRD DTRND NN NI NOW
THPDUINRIVIN NN IYPND ONON N XIN NYTIN PR VITY .NPON NN VIV TIND
VY XN 1NN NNPY IN PAYND PNV DN THIVIY PIAND VIAID DIND XTI DM TN DY
DTND NNMIND NN MYAD DIONDN PIPY DNMININR) MYITN NPNIDNIV YINdwa TN
YT NPND VIO DN XTI XN NN DAPO\NNY 191 XINY TIY D3NN DX MM DIAPN
OXXI DTND DTN P2 NI2YNIY DNWN NIMIPY 190N AWNNND TNN W DN DTND
MYNYN 0N DPDVINIVIN

7N NN O3 Yv N1aynn : (Grigore, Kerstin, G, Melhuish, & Leonards, 2013) xo»T>
2 NNN OO NN PAVNY NN YT VAN PN : MPIYN MIORY 190D MW OTRY VININ
L, TOTNG YNAY YD) NNNN DION NN 2Y VAN TN, IININ NN NI SNN DTRD NN DINYD
1NN DI NN NP YT IR NYY TUND DTND DY INYNN DX PNIYNL NP TAY VIIN PN
DY D72 DMIPINT AV .TPDVINIVIN NN TIND IEP AT MIPY TN 919NV 121D
YIS ONY DYNNVY N NTNYHN PNYTINDY IR DMI1AID NPOY MYITH NPNDNIV NMINDS LY
PN MNPV ,NPON NN NN NPON D MY

.(Grigore, Kerstin, Melhuish, & Leonards, 2013)

DTX7 VAN 2 AY'on - 6 IR
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D'vIRN Y TN nIv'w.2.5
DN MNY DOXVIAIN NN NN PRI OINNN NN OTPY 51D DOVIAM "PTNIDY DY POIN

NN T9YY VYN 91D NTNID MYNNNI .DY0N 190NN VIID NN NPNRYN POIN .0
PMID AN DNIND GN) YT N1 19IND ,INY 90 NDOIVN YNID DI1D NIN DVND PN
TIOHN TONN D NPVIANY NI NNPOYN NN DYDY DXAPNA .MADN MDOYN DY TTHINNND
NTRoN PYNN 90N .(Bekey, 2005) 931110 9N 7MW YD NPIYL NING YXIY VITD Y
TING 2IVN DT VID,1OY NYVINY NPIYN IN N0 DMWY DY TTINNNY VIAD YHDY 91D
IUNND THOD N HPY DMAT ¥ .DNNIONDY NOND DMV URIND MOAND TIND NYP) NN
NDD VYN VIAIN IWNIND NN MIYD) T9VYY TNYL IIN DI DXV TINDY MP2IOVI MONY
AN THYD NNONA DTN YT XOD DOWIN D) 19OV 13 TI72,995 MNON XOY IN NNONA TN
NTNY )PP ,NPEVINNL OPD MOAIPN NTNY MOLIY 130N PV . PMMYN NN VIIN
DMPNN NIIWN NXRIVYNA NTNY ,NPVDLLD MLV NXIYNA NTNY ,DXPIVNN NVIVA
TN V12 THOY MIVIRNDY MY DY GDIN NIRNNDN NNITN TINND DTN 19) PWNRN MNI
DXVIN 2P MXAN TON MOLIWN NNX MW DXANN DY NNXTH NMYNNNL DY)
MYNNNIA 77 V1IN DPIVNN NVOWA (Learning Reinforcement) 0p1ionn nvow NP
DD Y¥I) VNN .OTNX M2 DN DM PN NVIYD NNITA -N2X20NN HAPN XINY WD
DAPNNY VNN 29D TN YN POY NMIN NJIWAN NN 281 D N1AY PTIA I NNNMINND
NOOYN . TNY NOWAD NPOTH WIAN DXNNY NN NNMN DY NPNIN ORD NDADNN
SV TONN MYNNNI DY DXIANNI MWYY XD 10T MVYD NN TINDY VI NIVINRD NNID
VNN 299) DMNMN DDA D YWY MNYIN DI NN A¥) D 7Y NOIN VI .NMYVI NDN
MNIONN TAN .N¥NI NIN I 28 DD INPA NIRNNN NDIVN NN VIONN NIN DAPN NINY
NI NI 12 ANND NN NI -MPINIVION NN 11D KD N VI NTNIY NN NOIVN DY
VIN DY NTNRON PONNN PON MINYNI N2XA0M NTMIA,Q0NA ONY NTMNION TONN DI 1IN
M2NONA VI YHODY TN XN .YTINN ANND DORNNY XDV DDY WD A8ND DIRNNY
SV NTHRNN NPT TN YW DD . MNP NMYL NNXIN DY 287 NYIN TIN DXVTN DXANND
NPPN TYNN PAD DINTIP NNPDIN 12XV YN DINI PV NDIN IDOUN NNONND TIN, DTN
DMOYY DINDNY YO VIMINY YTD NNT 0NN TR DD MIRNNN RPN DXANNN
NPYVI2N DINNA TIND NXINY NN DIMIMINON N¥IAP .(Mataric, 2007) DY TPVHIN
2 N9 1 NP (Statistical learning) NPYODVLVLO Y DYODIANN NTNIT IVTIVIN NN
.(Neural networks) nyasy mnv (Bayesian learning) 1n°3»09»2 nNY MOLYY NN NN
NPNND DXIAXN INDN DN VDY GUN) VINN NAY PNIONX NNPNI MPNNN VN MOV
INNNY DN NPNNN TIND DOWTN DX2XN IMNDY VINN DIV TYNNIY NI DY WHNWNN YPDI
0”1 PN YY 0IW» NN (Bayesian learning) n°y»©»2 nnd .(, 2008 Khatib & Siciliano)
,DOTNY DMIVAN DIXNY VIAN YV SNONN AN P2 WP Yy ovannn (Bayes rule)
Sammut & ) NN A5WA MTNHDI NPNNNN NNNX D MIANDNN 1) NNIMNN NMIANDNN
NNAYN NMIND G0N YLDV ONIMOND NINT (Webb, 2011; Khatib & Siciliano, 2008
DY2NN YV YN QOIX O»Pp M DTNa -(hidden Markov model) »an 2y Y1mn NN
12) POX YIND NMNIANDNN :NMIIANDN DY DOXVD NV ¥ A8N D0 MY N OIVPNN
wvIOWY 8ONT (Sammut & Webb, 2011) ©asnn 910 TN 5D 1300 NXRYY NMIAN0NN
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YDIOT ITHDI INNDNI NYYIY MD NMINID 1Y) VI DY IVIN NION DWY NN 1PN DTna
NPNYOYN MTHYN AN NN 1N DY NN 1PN DTN YIDY NV DTN M DY NyNn
YW DIHDNN NN POND T M VA TAD INNY DTINN TIND .OTRN NYON YW APDPRYM
nyasy mnva .(Bennewitz et al, 2005) ©TNN DY NYNNN YDIDTY 112N DD NMYT MY 1o
P2 TINDIN NNMPY NN DY NI NRIYNL NV NTNY O NMINON 0N (Neural network)
Mo NPasy Mnva (Sammut & Webb, 2011) >vnxn mnn Sv NtD onvve 19N
DOYPYNN DMINMN PNIONN 2DV DOOOPIVN DMIVYPA 122 MIVIPHNT NPT MTHN
DOYPYNN D10 NN NAYNND AN DD .YHN DY DIRNN NPD OVY DNPTIPN P2 DN
DINYN DXANNN NPD DWY IR YTNIN NN NPIYN XD IN N2YN DRNND) PON DI12INNDN
mnvia vinw oowiy -(Bin et al , 2004),(Webb, 2011; Sammut & Khatib, Siciliano, 2008)
DN NYI DY DTN DOWNNYN DN DINNNI VI YT DY D1D0N TINdY DWO NPINY
.NI0VNNN DY PNINT DN POTNNY 1D DMIOUN DMPNY 20D PPN DI GUND NN IN»NHY
MINYDIN I P2 NYIVINY) DIOWN DMNIPNNN N2NND 19) NIVHNNIN VIAIN DY PHIN
920 RO Y3 VITIN LY THNDNAY TPIPNAY DMINNNNM (VI DIPN PAY D2 DINWON
.VNN

TC- Temporal cognition - HHYTN N99N

DMMINN TAYY PITN NNDYIT NN NNIND DIVANRIN NIND ITIPON VD 9D NN NPN YAV NYTIN
: (Maniadakis & Trahnias, 2011) ©*WONNN 1T NYTIN 7Y STHPNND DIV NMIYIHIN DY D9
LDOVPNR DY T IHINDINID NO9N .

SRV YN 91 DX INNN DDA .

DMV DT 2NN HY NN .

LDOYYPN DY YN TYN NOIYM NDON .

DYDY DWPR NN 1Y YT .

DY RN NIINN O THRD HPDVINIVYIN NN DN DN NAY N2X20N NION NP DTN M2 NIY
WYPY TPHOXAD PPN P IIMANRND XD N .JPYWNR 7PYVIIVINY MOINN TIT
NN TAYDY NNND NDDN )PTN DY NIONM NDONA IIMYHVNI NN MY XOX 122000
SV 190 RN IN NPNN NINY 1D NOY NPHRPNPN MM 279 N2Y NPNIDN NN JIIN
1Y NIVANRD YA NYTIN YNIINN VINN DY DONDI OX .NNPNDN NIVN PWYND TN DY NPIDN
SY DNRMNN THAD HY NAMWN NAY NNONN) TNYD 1NN 1MV POV ,MOONN NOIP
.DOYNIN NRY NDIVA DI Y VYN NPNIIN NN AT NYTIN NYDID NMXIL . NMNX D120
DNYMNI WINOWN DIAPNND YNN DINND NDN ROV PNIPHLIN NPPVIAIN DINNA
YYNNN MNN NXRIVYNA .ININ NPNIDONN NDIVON YINID NIXIANY 11D NN TIWNN DX TNPNH
NNYPN ,NTNY ,MSNISION 20 NNIYN 1ND DMIRVIN DIVININ DOV PIHYNY DIOIN

ut B W N -

29)
YNID DOVININ TV NN NN ONYHAYN 1IN MIAVND TPMIONIN NYTIN DY MIIWN”
NRMNND MIVIND NANMNNN MHITHN NP NN MWYYS)T MIAONND MMV NNONNA
TIT YN 7PN P23 NYTIN NN ON2 IPNYY MIIYNI ITIN DXDI 12 ANNY NN ,...THPNIIN
o»YNN MY .(Maniadakis & Trahnias, 2011) 7701217 PXIPHLIN MVNL IMYNIYN
TN 112 . NNY AR NNMARNT MNDON TV OXMYNYNI 19010 MION 1N PITY IR MOIWN HY
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(Maniadakis & 1121710 YV INOLIRN NX 19D 915 TC DNaY DX1HN DYDY NINSD
: Trahnias, 2011)

.DMNTPNN D9 DMNION DIYHNN .1

Y930 DY NN OY MITTINNND M MY .2

APIN T VIV MDD MM .3

N oNow TC -N 0P 1) TIND AT DTN SYSHN Y DOVIIDY MINY NN 19N
DYDY DINXIYY YOI DTN OYSNIN TV NN TIND TC -N DTRD HIN NN NNV .90Na
YOI THN NN NAYNIA NNPD NI DXVIAIN NN TOND MDY DINAY YII2 DMIPIND NYTH
N2>202 MDVNIVIN NN ADNVYND DMDI1DD IWARD INOXIDID 7D YTPHIND DIWN DY
.DTRD

0991 BVINIY NMINNPNT - NPYYNI DINIY

1959 DYDIANT, 03123 MNMVIOYINNI 11D NNON DYV 11°2N DOVIANTN MY, MNINND ONVWI
DNNY DMPIRNNY DONDN DXV DY WIN 11, TN IRXIND .OTX MNIAY MINDI vy
NNWNY DMININ DN VNI DOV .INP TN DY DI TAYN DTN NTIAYN NI
NY’NNA NOYYNN DI ORNDIY I9IND THIAYD MDD MDY M NPIPND VINIAD NON NNN
9901 DIV .NNANNY NIAYN TPMONONN PINOVIND ,OTPNNY YT ,NT DINNA NOIT
,Baxter -n N DN TAN ,NMYYNI DXANWHN DN 973N NIV NN NPWN 12OV DMV
TINNINY MY ONY HYA VI INT .2012- 2 NPPVIA Rethink> T DY MW >DYYN VIA
VY PN NP L, NPYO PO NPIMYYN MVIVE MY vown NN 0N HY
900D TYN PIPYY NS 1P MNNYVHRIN MNOWNN NX YN YN Baxter.omna
MINY NN YIAND NYYND 1D IWANNDT WANI TON PYN I 1PV D97 NP1 NNLP NMIIND
915> Baxter .1pnnmn X 19 YY IN MNONN 128N DY WIASND MDD D29 MYyan 9900 1 Yy
NN DXPNN DNYMN D) DIDNNND VINIY .ITOA XY NVNYI 5251210 XINY MIRIND 1IN
THMA OV NTI2YN N220Y DINDNYY DIPN NIIPA DOVIX YIND 1D DIWIRND DN IWNR)
IPYOM TPNMNND NNXI NNX DOYN MYYY 12PWND IRNIY DINK OPNMYYN DODIAND
TYNND 5120 XD NINY NYTY T 9NN 901 DIinon Baxter .0n1»av1 Sp nowa Mayd
71N NYOWNN NN YNID INIVOND PRY IN 0N T2IY NIN OIMNX 090N TN ON INTIAYA
25 NMVYN 1Y DIVANNDT MY D90 DNIY1N D) D2INN VI GON AN NAVN
NP2 DNVPN DV

BAXTER "'09TN LIAN - 7 I'X
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X2 TIAY7N AN OININ THYD NDI1DN NN DONY DHNDN To Y5 V1Y Baxter NN 79NV NN
99V 75,10V 992N NNON N TP NN TN XIY DY MY NI YT TIN TIND NVIVI
NMIVIVI MDY 990 7Y NINNDN NYVN YNID VI DIND NDID NXMN P DOV NIV
VI YW ANy 19N NoN, UR 10-1,nwami noviay vt URS o1 moaon mxnnT Ny
+ /- 360 212°0Y N912N DY TIND TN Ypwn DY DOPI9N NYOY MIVNN SNYY 1PV
D212 DNV INIRY NN 7OPNNOY DXV DN PN DXV . NMIYD MOYN 180 TV MdyN
192)91) YOI 150 -H NN PODHN VI ,MYINN .MMV NNV KDY DTN T8D TaYd
012771 NN DIRNND IYARN YN DXVIN2 PNV OTPNNRN 120 (EN ISO 1385 1 nvonan
DINNNI YN DOVIAT DTN 72 DY N2WI NNOVA TIAYD 1Y IWANDY DNY DIV VINAD
NI ,MNINN L2091 DD NOVYNY TPV DIVNYNI DML DMININ TINA IPya vindovwa

NN MONN TIY ,NDINN

.

£ e .

UR 10 "a'u9TX vIaN - 8 1IN
012199 DN 12 NIMYN NNIAY DY DINN 1D NYOVN
PO YW Nyawnn NN N (Blum-Ivri et al., 2009) 202 11°71)-)2 NVLIDININD TIVIV MO
T IPNNY MY AN ININ DTN VNN DY VI PTIIN YR VI DI NTIAYA OTRD
NI PONN NYIVN DY DYV NP DT IPNNI NTIAYY YOMDI NONN ,NIMYN NTIAY N2 XD
NNOYN D) RN NROWNIY TIAN ,NMIP DY NIAYN : MNOWN WIDYO POIN NONN .NIWNN
DYVIN TPNIPN N1IN2 1IN NIPIND PN DY NPT NN NYY YT . (NN OY P THann
ININ NDNN MNSIN PPN TN VI DY MYY 35 -5 1TAYY MINK INMIVIN DNPN
15 7NN -122 11PDNN KOO NNIAPN IWRND NDNN NN YNID 19T INY NPY NOMNHN NIAPHY
MINY )NPDN)N DY NP DY NTNON NNIPYI NINY NT MDA MNDINY NYOIN TIY .0*12D
NNY NN NTID PINX DDOVNN I TO MOINT/NTNI AN WY DIOW NOINHD PNY
MTNN DIV NTNON DY NYRIN 2DWIAY 1PNMY DIXINY DIPNND DY VN NIYHNN
NAN»NN NN NMIPY 0120 NN INNY ,(Goonetilleke et al., 1995) NTNYN NMIpya
INY NN DTPON PONN DY DOPTN NXIAP ,NVPDLVPON NPNID .NNNND MHNMNM
PTY APIYON MV YT HY NTTNHI NPDLVPOND ,)PDNN D DOPTN NXIAPN NDLVLPON
YWNI 2D WIXTN IPIND,(PPOPIN MING PTIIN NI NPYL INY WOV HI5) NNIWN HD1 YNIN
(D>220 5 TINN 22) 1DIN DY DIPTIND DNDVPON TN PN PDNIN XYY DYPTIIN, MWIOVUN
.(Blum-Ivri et al., 2009)
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TPnnRn novYy .3

1795.3.1
012D DTNRN P2 OAVN DO NIPYH NODY ,DTNN PNDND DHINDN DIMININ NN 1IN DY

DY DTN DY NTIAYA DIPIONND PO NOY DTN DY NTIAYA DIIMANNDND DNHN M0 TNS W
INAITTN NITYIMT OMIMINNDT IT IPNN NNDNA VI DTN P2 NOMYNN NTIAYL PO
01217 DI NOWI NNOPYA DPTI) DY NTIAY 1V DMDNN NIV DI TPN DD NNV
26 ,0°72) 28) DY) DY NTIAYA D MIDN DOVITIVD 54 1DINN NYNXIN 2OVI : DIAYY NV
MNY DY NI NNdPYA N THN NON NADIN NDOWNI ,5INN MYYN NOTIND NPDNNND (00w
DVITIVD ONIX NN 25wa .SCORBOT E4U »on van nnaT 5->bya 0»7ind 0dvian
012771 NNONA NTIAY MYV DY HHOW) VIN NTIAY DY DNPA TVDNDN TONNI IVINNY
52 ,0°0NN0 MNDNN HY G0N 1207 DNPN DPDA WHN OPTLN (NPNMOWYN NdvNd
NI TN DY NOAY .OXTTH OMNX INPII DNN ON ,(DXWI 24 ,0°92) 28) MDY 1IN DXVITIVD
YA NDNN .00 DXOITIVD 29 DY N YN (NN XOD) NN DY) MIIWNN DY INNYN
N2XWNN N D02 YY PN TN NN MYNRIN NNOWNN NNV NN MNOWN Y9 DYAYWN
DYTHINN TIT 22N NNAY NN NIVNN ,NDYNN YYD TPIITNN NDANN NN N2NY THIYNIN
IUND N DY DMWY DMD NY 23591Y NN TIVNN NNOWNM TN ITIND ITON NN Py
NN OOPON 49 ND NP 2DNY W POOIN DY HODRNVN YTHNN VI NAY WP VAN

N2OPON 4 NN 1YY DIDAN YN 709 230900 W HNNPYNI VI 2 YNV

n>Nna 1IN'N 3.2
: 0DV 1901 YYD NPPNN TONN NN YTTH NPNAD NN NNPIN

AaYn N2 NYNA

NI 0PI 1AW DONRNNHD DIPIIN YD INND 1IN P2 NN NYD 1Py ¥y 1Y 1Dva
, SCOREBASE-n nTaym IMT , Tele-robotics nytayn viow ya nn»n mvavnnn ,nTayn
DY012Y971 N2> ,NTAY 2NN DY 0P YN 09 wnNn SCOREBASEN nTayn NN )o1ad
(Sayfeld, 2017) .nToyN 5y VAN PN 9 90N PRI NINIY YNNIV 29D NTIYN MPNT

Ton

7IAYN NTNY SV Sy VAN - 9 9N
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739N INPNN VIAIN NINA
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'N NADI2 SPSS VY9 (NDNN DIN 54.383 1 NOMN KD DNN 38.147 ypn N»LD) 177.41

Sec .
Third card std. Deviation
e 177.41 Novice: 38.147
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0919 XY M2y 91990 NYav
0019 XY 992y MNYN 919D — 2 Abav

1PN NNV Fvalue Pvalue  yxmn T
38.8 4.3 0.05 70.58 NUNI P
71.59 5.2 0.07  205.59 NV POP
38.147 2.27 0.13  162.65 YOOV PP
42.24 13.5 0.015  243.95 W17 PP
1.62 5.4 0.007 8.3 790N
NVYPRIVIN
53.44 0.13 0.7 338.63 1502 Y
02011 93y 0190 NYaL
D011 N2Y MNHN 010 — 3 NYav
PN NPV Fvalue Pvalue  ysyn TMm
24.7 4.3 0.05 58.78 NURI PP
59 5.2 0.07 177.63 NV PP
54.383 2.27 0.13  167.41 WIOW o
39.57 13.5 0.015  196.85 W29 OP
1.73 5.4 0.007 9 790N
NVIPRIVIN

73.51 0.13 0.7  342.73 novV1a YN
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AIN™M X797 2anon onnaYxY? aimm 9971 2anon oYX nxknwn .5.3
21 DY DY OMINVIN DY ANV NYSIND NN HON DMINONN DV NN PNIAD 1IN DY

NYY NI AV OTIPN IPNNIN NP DON0NN DIMININD NN XYY HNDN DMINON
(Syfeld, D™INXRN DPIINIRN MY DN VI DTN DY NOMWYN NTIAYD PTYN DININONN
SPSS 01270 V59 . ANOVA 5% 5S¢ mpnam NnI2 1nan XN ysannw \nann ,Peretz, 2014)
25 NOLI

PYNRY 99p N2990 It

(p=0.454, F=0.569) npn2m Nn»N XY IRNIND ,NYURIN 9OPN DY NAIINN NN HT7IN PR
7PN NI 5915 DNINONY 83.2 N NN XYY DNININ DY NAIINN YT YXIIN (23 T1N)
170 NADI2 SPSS 159 .8% Hw 572N, (MM KOY 38.34 ) NN DY 16.85 1PN NMVD) 76.88

Sec

First card Std. Deviation

Z: 83.2 With switching: 16.85

82
81
80
79
78
77
76
75
74
73

Without switching: 38.34
Total: 29.48

76.88 sig. : .454

B P
R
R P P P
R
R SRS
P P
RS SEESASE
R T P
R A ARSI
R o

Z

2 Without switching  + With switching

21N XYY 51 NN DY PYRIN 49PN YW Na990 11T - 26 1N
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Y 99P N2990 It

299010 Y% YN (p=0.164, F=2 ,24 91N) »wN 95PN SW N257NN 2132 PN D70 PN
9% SV 9TaN , MMV 202.7 XN NMN Y910 DMININI 185.55 NIN NI XYY DNINYN DY
1 NAI2 SPSS VY9 .MM NOY 38.74 NNIYD NN 5D ONIMNORD 42.4 PN NMVD)

Sec

SeCO N d Ccda rd Std. Deviation

202.7
205 With switching: 42.4

IO
S EE OSSR PO EE SIS

200 SR E OSSP . . .
A Without switching: 38.74
By Ry ey
By Ry ey

185 R E OSSR E O SISO
OSSR P OSSO
PSS SIS S TO ta I . 4 1 . 1 1 6
R R PR PRSP
By Ry ey

190 A S PRSP
R EE OSSR PO EE SISO .

1 8 5 5 5 S EE OSSR PO EE SIS sSIg. . 164
. P P PP S SIS

R AR SRS

o - R P R R R
R PRSP RSO EA
]
]
R e
P R R RSP
B R
]
]
5 k PSSR EEES

< Without switching -~ With switching

1

oo

1

oo
[=]

1

-

NN NYY DI NN OY YN 99PN YU 12990 It - 27 N
WYYV 9P NN IR
DY M350 M L(25 APN) (p=0.039, F=4.59) pnam KX »vbvn 99pn S¥ N1dINN It
183.1 NX NN HYHIDN DMIMNIN OY N2AIINN PN NIV 216.8 KX 1NN XYY DMINON
NP1 9910 DNINONRN NIVY 18% HW HTANMINI NOD 41.95 1 NN DY 49.47 1PN NMVD)
99N NIN 2INDNN DNPININRDN 1D T0N DTN HY WYIN NN DOV TYNIY TN ¥anin 11T
1Y N9DI SPSS 159 .0TRN DI NTIAYL DY NN IR

Sec Th | rd ca rd Std. Deviation

#0 216.8 With switching: 49.47

Y
210 \ . —
Without switching: 41.95
200
Total: 48.85
150 183.1
sig. :.039
R
120 R A 8 P05 0 F
s
s
1?0 N R i
s
150 N R R R R

= Without switching -~ With switching

219 NYY 91 NN BY SWIHWH 99PN YW N2 1T - 28 PN
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9939 5P 12990 Y

Dy N29INN YT L(26 IVPN) (p=0.057, F=6.1) PN KX >¥1970 9POpn DY NN I3
182.3 NXY 1N H9ION DMININ DY NIAIINN PIT NPMIYW 251.25 N NN XYY DIINON
N1 Y915 DMININD NNVY 37% HW S TN (NI XD 31.98 1 NP DY 42.442 1PN NMLD)
79U NIN YINDNN DNININNNI )P TDN DTN HY WYIN NN DINOYN TWNIW TI0 ¥yaNN 12T
0> NODIA SPSS 159 .OTRN 51 NTIAYL HW NN NN

Sec

Fourth card Std. Deviation

0 With switching: 42.442

251.25
=0 Without switching: 31.98

182.3

200
Total: 49.688

R R PRSP
R B PP P BRSSP
PSS SRS S EESE
RS EEEEE .

R RS RSP EE 5 |g_ M _05?
R B PP P BRSSP
PSR E B S S RS S EESE
PP PSS E 5SS

R R PR PR

R B PP P BRSSP
PSR E B S S RS S EESE
PSS E S ST E 5SS

R R R PSR E R PE

R B PP P BRSSP
PSR E B S S RS S EESE
PSS E S ST E 5SS

R PP PP

150

100

7

0

< Without switching  ~ With switching

NN RO DI NN OY WI29N 99PN DY NN J1IT - 29 N

Y915 NHva I
oy NYVIAN Y ,(27 IPN) ,(p=0.00, F=7.787) PN2m 5720 DY R 515N NHLIAN YT TN
347.36 NY NN HDION DMININ DY NYVLIAN YA NMY 368.12 KX NN KDY DMINON
TN 551D DIINIRN NIV 5% W 57N (NN XD 13.81 -1 NN DY 34.31 PN NMVL)
VYN, DTND HY NTIAYN MNT DY 1V TN MINT NINN ONMINVIND TYRIY TIN YN 127

5 N9 SPSS 159 .N5VIAN NPT NX YD T NDPY TN NN TIAYD 91D

Sec : .
Total idle time Std. Deviation
370 368.12 . s
. With switching: 34.319
\
365
Without switching: 13.81
360
Total: 27.934
355
350 347.36 sig. - .00
R R
R R
N i i A a i i il i d
335 N N i R AL A L A A A A S R d AL

< Without switching -~ With switching

NN NI D NN OY 0OVIIN Y DY HDIDN NHVAN T - 30 N



39

DYPNIVINN 190D

IIN) (p=0.184, F=1.82) NpnN2m NN»N XY INIIND NPNPRIVIND 1901 H¥ 125701 032
PN NMVD) 9.44 1NN HHID DIPININI 9.96 NP KOY DMINON DY NAIINN AT YX N .(28
XD NI SPSS 199 .5% Sw 5Tan (MM ROD 1.177 ) Nndn oy 1.52

Sec

Number of interactions  std. peviation
10 9.96

ER

With switching: 1.52

o

Z

98 Without switching: 1.1771

o7
Total: 1.373

9.44 sig.:.184

56

85

U E S E S S SR
R
S
S E S S S R
O OSSOSO IO
BB S IS SS SIS S
B
O OSSOSO IO
B PSS S SIS
B
S S

5.4
93
92

91

< Without switching  ~ With switching

NN NOY DI NN DY 1IN BY NYY DINNY HDIDN NPYPNRIVIIND 9901 - 31 9N

NN XYY My 91990 NYav
NN NYY 992y MINYIN 0190 — 4 nNYav

PN NV Fvalue Pvalue  ysyn T
38.34 0.569 0.454 83.2 NUNI PP
38.74 2 0.164  185.55 NV PP
41.95 4.59 0.039 216.8 WHY HP
31.98 6.1 0.057  251.25 W7 9PHP

9.44 1.82 0.184 9.96 7901
NVYPRIVIN
53.44 7.8 0.007  338.63 1902 Y

NN Y99 993y 090 NYav
NN Y915 912y MNYIN 010 — § NYav

PN IMVD Fvalue Pvalue  yxmn TMm
16.85 0.569 0.454 76.88 NURI PP

42.4 2 0.164 202.7 NV PP

49.47 4.59 0.039 183.1 WOV PP
42.442 6.1 0.057 182.3 W7 PP
1.73 1.82 0.184 9 7901
NVYPRIVIN

73.51 7.8 0.007 = 342.73 1902 Y
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VMP NN NDOWNY MNYPRNNNY DINID DIONN XD DIN DXONND WY NPSPNIVINGD
MXID I GON 152 1PIND .NDY NINAN DY WAWN NNOWNN IR PAND )NPONN NDNNN
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20121770 DY NPXPRIVIND
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1971807 NVINP NIOWN Y NPNIWN NIXOM THN DX9DPN 1901 NN NNYRIN .APIPOY
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.DOPTN P2 YINN I3 DY HD1D VAN DIDOHNDNY NTID NPIPY MXIY 1N

aImm xX77 onMAR 7Y 9TV AImMnn oy onMiatx.6.2
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SCORBOT ER4U vian v19n - 'X n90)

Specifications
Actuators 12 VDC servo motors
Transmission Gears, timing belts, lead screw
Ambient operating 2°-40°C 36° - 104°F
temperature

Axes Specifications

Number of Axes 5 rotational axes and gripper
Axis Movement Range Effective Speed
Axis 1: Base rotation 310° 20°/sec
Axis 2: Shoulder rotation 158° 26.3°/sec
Axis 3: Elbow rotation 260° 26.3°/sec
Axis 4: Wrist pitch 260° 83°/sec
Axis 5: Wrist roll Unlimited mechanically£570° electrically 106°/sec
With pads 65 mm 26"
Repeatability +0.18 mm 0.007"

at TCP (tip of gripper)
Position Feedback Optical encoders on each axis

Homing Fixed position on each axis found by means of micro switches
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//ManualMoveDlg.cpp : implementation file

/leditors: Igal Peretz & Lior Sayfeld

#include "stdafx.h"

#include "ManualMove.h"
#include "ManualMoveDlg.h"
#include "CallBack.h"
#include <string.h<

#include <thread<

#include <iostream<
#include "Debug\NIDAQmx.h"
#include <ctime<

#include <iostream<
#include <fstream<

#include <time.h<

#include <math.h<

using nhamespace std;

49

viaNn nen ++C TIp — 'A N90)

#define DAQmxErrChk(functionCall) if( DAQmxFailed(error=(functionCall)) ) goto Error; else

#ifdef _DEBUG
#define new DEBUG_NEW
#undef THIS_FILE

static char THIS_FILE[]] = __ FILE;

#endif
struct adaptclass

}

int tesks;
int waits;
B

static int robot_move = 0;
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static int finish_work=1;
static int stop = 0;

static int robot_work2=0;
static int stopmodel2=1;
static int STaskCount=0;
static int model2task = 0;
static int devl = 0;

static int dev2 = 0;

static int model2on=0;
static int modellon = 0;
static int parthum = 1;

static time_t stoper[2][7];//time[][0]=total time;time[][1]=cube 1 time;time[][2]=cube 2 time;time[][3]=cube 3
time;time[][4]=cube 4 time;time[][2]=robot idle time;time[][3]=human idle time

static double time_diff[7;{0,0,0,0,0,0,0} =
e s e WS
static int pinscount = 1;

static clock_t pins[2;[5][

static float pinsans;[5]

static float pinsansA;[5]

static int cour = 39;

static float target = 4;

static float targets;[5]

static float new_target=5;
static adaptclass initclass;[60]
static int adapWorkisOn = 0;
static int adapTesk;

static int adappart;

static int tasksnum = 0;

static int tasksnumlast = 0;
static int workdiste = 0;

static int sleeplast = 0;

static int taskdis = 0;

static int ALPA = 0;

static int BETA = 0;

static int LAMBDA = 0;
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static int AV = 0;
T R and T
void work;()

void task;()

void givepart;()

void timer(char action,int X);

void init;()

void giveback;()

void takepart;()

T T

void CManualMoveDIg::0OnSysCommand(UINT nID, LPARAM IParam)

}
if (NID & OXFFFO) == IDM_ABOUTBOX)
}
CAboutDlIg digAbout;
digAbout.DoModal;()
{
else
}
CDialog::OnSysCommand(nID, IParam);
{
{

//If you add a minimize button to your dialog, you will need the code below
/lto draw the icon. For MFC applications using the document/view model,

/Ithis is automatically done for you by the framework.

void CManualMoveDlIg::OnPaint ()

}

if (Islconic())

}

CPaintDC dc(this); // device context for painting

SendMessage(WM_ICONERASEBKGND, (WPARAM) dc.GetSafeHdc(), 0);
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/ICenter icon in client rectangle

int cxlcon = GetSystemMetrics(SM_CXICON);
int cylcon = GetSystemMetrics(SM_CYICON);
CRect rect;

GetClientRect(&rect);

int x = (rect.Width() - cxlcon + 1) / 2;

inty = (rect.Height() - cylcon + 1) / 2;

//Draw the icon

dc.Drawlcon(x, y, m_hlcon);

else

CDialog::OnPaint;()

/IThe system calls this to obtain the cursor to display while the user drags
/lthe minimized window.
HCURSOR CManualMoveDlIg::OnQueryDraglcon()

}

return (HCURSOR) m_hlcon;

void CManualMoveDIg::Onlnit ()
}
ALPA =0.2;
BETA =0.2;
LAMBDA = 0.2;
AV =0.4;
StartlnitTimer;()

BOOL b = Initialization(INIT_MODE_ONLINE, (CallBackFun)&InitEnd, (CallBackFun)&ErrorMessage);
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1

LRESULT CManualMoveDIg::OnInitEnd( WPARAM wParam, LPARAM [Param )

}

StoplnitTimer(TRUE);

short nMode = GetMode;()

switch(nMode)

}

case INIT_MODE_ONLINE:

}

GetDIgltem(IDC_EDIT_MODE)->SetWindowText("On-Line");

if(AfxMessageBox("Control is off. Do you want to execute Control On?",
MB_OKCANCEL) == IDOK)

SendMessage(WM_COMMAND, IDM_CON);

break;

{

case INIT_MODE_OFFLINE:

}
GetDIgltem(IDC_EDIT_MODE)->SetWindowText("Off-Line");
break;

{

default:

}

AfxMessageBox( "InitEnd invalid notification");
break;

{

{
Invalidate;()
return O;
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void CManualMoveDIg::OnCon ()

}
if(Control( '&, TRUE ) == FALSE)
}
return;
{
{

void CManualMoveDIg::OnCoff ()

}
if(Control('&', FALSE) == FALSE)
}
return;
{
{

LRESULT CManualMoveDIg::OnCtrIStatus( WPARAM wParam, LPARAM [Param )
}
if(wParam == 0)
}
GetDIgltem(IDC_EDIT_MODE)->SetWindowText((LPCTSTR)IParam);
{
else if(wParam == 1)
}
GetDIgltem(IDC_EDIT_CON_OFF)->SetWindowText((LPCTSTR)IParam);
{
Invalidate;()

return O;

void CManualMoveDIg::RunManual(int iButtonld)

}
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if('UpdateData(TRUE))

return;

ConfigData Config;
if(GetConfig(Config) == FALSE)

return;

static DWORD dwPrevTick = OL;

DWORD dwCurTick = GetTickCount;()

if(dwCurTick - dwPrevTick < (DWORD)(TIMER_MANUAL_PERIOD))

}

dwPrevTick = dwCurTick;

return;

m_iComboSpeed += 1;
if(iButtonld == IDC_BUTTON_MINUS)

m_iComboSpeed *= -1;

if(m_iCurrAxis < 0 || m_iCurrAxis > 5)

return;

EnterManual(MANUAL_TYPE_ENC);

MoveManual((unsigned char)m_iCurrAxis, m_iComboSpeed * 10);

SetTimer(TIMER_ID_MANUAL, TIMER_MANUAL_PERIOD, 0);

dwPrevTick = dwCurTick;

void CManualMoveDlg::StopManual()

}

m_iCurrAxis = -1;
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KillTimer(TIMER_ID_MANUAL);

CloseManual;()

1

void CManualMoveDIg::OnButtonOpenGropper ()

}

OpenGripper;()

1

void CManualMoveDIg::OnButtonCloseGropper ()

}

CloseGripper;()

void CManualMoveDIg::OnTimer(UINT nIDEvent)
}
if(nIDEvent == TIMER_ID_INIT)
}
StoplnitTimer(FALSE);
{

if(nIDEvent == TIMER_ID_MANUAL)

}

MoveManual(m_iCurrAxis, m_iComboSpeed * 10);

CDialog::OnTimer(nIDEvent);

void CManualMoveDlIg::StartInitTimer()

}

SetWindowText("Initialization please wait ...");



57

DisableAll;()

SetTimer(TIMER_ID_INIT, 15000, 0);

1

void CManualMoveDlIg::StoplnitTimer(BOOL blsDone)

}
SetWindowText("Manual Movement");
DisableAll(FALSE);
KillTimer(TIMER_ID_INIT);

{

1

void CManualMoveDlIg::DisableAll(BOOL bisDisable)

}
CWnd* pWnd = this->GetWindow(GW_CHILD);
while( pwnd )
}
pWnd->EnableWindow(!blsDisable);
pWnd = pWnd->GetWindow(GW_HWNDNEXT);
{
{

void CManualMoveDIg::OnBnClickedButtonHoming()

}

Home('A', (CallBackFun)&HomingNotif);

afx_msg LRESULT CManualMoveDIg::OnHoming(WPARAM wParam, LPARAM |Param)
}

UCHAR ucHomingNotifCode = (UCHAR)wParam;

if(ucHomingNotifCode == HOME_NOTIF_FINISH)

}

AfxMessageBox("Homing completed");



58

return O;

T T T T T
T T T ]
M coding starts from here//iHHHHIITITITITTTTHTITTTTTTITTT
void CManualMoveDIg::OnBnClickedButton1()//teach point function
}
WatchMotion((CallBackFun) MotionEnd);//enable motion detection moe for the robot
DefineVector('A',"TEST",100);//creation of point vector
long* pICoorArray = new long;[5]
/lthe scale is mm
plCoorArray[0] = 369000;//X axis
plCoorArray[1] = 0;//Y axis
plCoorArray[2] = 403000;//Z axis
plCoorArray[3] = -63000;//Pitch axis
plCoorArray[4] = 0;//roll axis

Teach("TEST",10,plCoorArray,5,ABS_XYZ_A);//push the array into the vector to creat a point **point
number 5

plCoorArray[0] = 41458;

plCoorArray[1] = 378042;

plCoorArray[2] = 68734;

plCoorArray[3] = -45734;

plCoorArray[4] = 3584;
Teach("TEST",11,plCoorArray,5,ABS_XYZ_A);
plCoorArray[0] = 76539;

plCoorArray[1] = 584170;

plCoorArray[2] = 228876;

plCoorArray[3] = -11397;

plCoorArray[4] = 1290;
Teach("TEST",12,plCoorArray,5,ABS_XYZ_A);

plCoorArray[0] = 169000-360000+190000;
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plCoorArray[1] = 0+100000+100000;
plCoorArray[2] = 503000-303000+17000;
plCoorArray[3] = -63000;

plCoorArray[4] = 0+10000;
Teach("TEST",13,plCoorArray,5,ABS_XYZ_A);
plCoorArray[0] = -314204;

plCoorArray[1] = 241291,

plCoorArray[2] = 221390;

plCoorArray[3] = -92401;

plCoorArray[4] = 0;

Teach("TEST", 14, plCoorArray, 5, ABS_XYZ_A);
plCoorArray[0] = 169000 - 360000 + 260000;
plCoorArray[1] = 0 + 100000 + 265000;
plCoorArray[2] = 503000 - 203000 + 137000;
plCoorArray[3] = -33000;

plCoorArray[4] = 0 + 10000;

Teach("TEST", 15, plCoorArray, 5, ABS_XYZ_A);
plCoorArray[0] = -240715;

plCoorArray[1] = 99135;

plCoorArray[2] = 31402;

plCoorArray[3] = -92616;

plCoorArray[4] = -28351;

Teach("TEST", 16, plCoorArray, 5, ABS_XYZ_A);
plCoorArray[0] = -298226;

plCoorArray[1] = 91573;

plCoorArray[2] = 28571;

plCoorArray[3] = -92616;

plCoorArray[4] = -8745;

Teach("TEST", 17, plCoorArray, 5, ABS_XYZ_A);
plCoorArray[0] = -355770;

plCoorArray[1] = 96204;

plCoorArray[2] = 30283;

plCoorArray[3] = -87168;

plCoorArray[4] = -17060;
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Teach("TEST", 18, plCoorArray, 5, ABS_XYZ_A);
plCoorArray[0] = -242363;

plCoorArray[1] = 187357,

plCoorArray[2] = 33462;

plCoorArray[3] = -87526;

plCoorArray[4] = -41863;

Teach("TEST", 19, plCoorArray, 5, ABS_XYZ_A);
plCoorArray[0] = -307207;

plCoorArray[1] = 177786;

plCoorArray[2] = 31031;

plCoorArray[3] = -87132;

plCoorArray[4] = -32186;

Teach("TEST", 20, plCoorArray, 5, ABS_XYZ_A);
plCoorArray[0] = -357623;

plCoorArray[1] = 176383;

plCoorArray[2] = 30330;

plCoorArray[3] = -87132;

plCoorArray[4] = -32186;

Teach("TEST", 21, plCoorArray, 5, ABS_XYZ_A);

void CManualMoveDIg::OnBnClickedButton2()
}
model2on = 0;
adapWorkisOn = 0;
finish_work = 1;
modellon = 1;
for (inti=0;i<7;i++)/init
time_diff[i] = 0;
for (inti=0;i<2;i++)
for (intj=0;j<7;j++)
stoper[i][j] = NULL;

std::thread t1(work);//enable model 1
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t1.detach;()
{
void CManualMoveDIg::Change_robot_move(){//change the static variable that tell is the robot finshed his work
if (robot_move == 1)}
robot_move = 0;
{
else}

robot_move = 1;

{

void CManualMoveDIg::OnBnClickedButton4()//femerngy stop

}
Stop('&);//& = all axis
stop=1;
stopmodel2 = 0;
finish_work = 0;

{

void CManualMoveDIg::OnBnClickedButton5()

}

takepart;()

int calculateAvrage} ()

return AV*TOTAV + (1-AV)*(ALPA*pinsans[partsNum]+BETA*pinsans[partsNum-
1]+LAMBDA*pinsans[partsNum-2])/3

{

void work()//the function that gives the human a part

}

do}
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while (robot_move == 1)
Sleep;(150)
Speed('A', 100);
OpenGripper;()
robot_move = 1;
while (robot_move&&!stop)}

if (tasksnumlast < floor((targetA - 11) / partsNum) && adapWorkisOn ==
1){//if the human changed is speed and the robot can do somthing else

workdiste = 1;

goto end;

Sleep;(150)
{
double tempw;
sleeplast += 1000;
tempw = targetS - 3 * (tasksnumlast - 1) - 9;//create target time

while (sleeplast < (int)(tempw * 1000)&&adapWorkisOn==1&&partnum!=1)}

Sleep;(150)

sleeplast += 1

tempw = target - 23 - 22 * (tasksnumlast - 1) - 9;
{
if (stop) goto end;
ChangeWheitsIFNeeded;()
MoveJdoint("TEST", 13, NULL, 0);//go to position 13
robot_move = 1;
while (robot_move&&!stop)}

if (tasksnumlast < floor((target - 11) / partsNum) &&
adapWorkisOn == 1)}

workdiste = 1;

goto end;

Sleep;(150)
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{

sleeplast += 3000;
tempw = targetS - 5 * (tasksnumlast - 1) - partsNum;

while (sleeplast < (int)(tempw * 1000) && adapWorkisOn == 1 && partnum != 1)}

Sleep;(150)
sleeplast += 150;
tempw = targetS - 4 * (tasksnumlast - 1) - partsNum;
{
if (stop) goto end;
ChangeWheitsIFNeeded;()
MoveJoint("TEST", 11, NULL, 0);
robot_move = 1;
while (robot_move&&!stop)}

if (tasksnumlast < floor((target - 13) / 22) && adapWorkisOn ==
1}

workdiste = 1;

goto end;

Sleep;(150)
{
sleeplast += 2000;
tempw = targetS - 6 * (tasksnumlast - 1) - partsNum;

while (sleeplast < (int)(tempw * 1000) && adapWorkisOn == 1 && partnum !=
1){//check if the robot need to wait some more

Sleep;(150)

sleeplast += 150;

tempw = targetS - 5 * (tasksnumlast - 1) - partsNum;
{
if (stop) goto end;
CloseGripper;()

robot_move = 1;
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while (robot_move&&!stop)}
if (tasksnumlast < floor((target - 16) / 22) && adapWorkisOn == 1)}

workdiste = 1,

while (robot_move == 1)
Sleep;(150)

print(“Give part”)

OpenGripper;()

robot_move = 1;

while (robot_move&&!stop)}
Sleep;(150)

{

goto end;

Sleep;(150)
{
tempw = target - 2 * (tasksnumlast - 1) - partsNum;

while (sleeplast < (int)(tempw * 1000) && adapWorkisOn == 1 && partnum != 1)}

Sleep;(150)
sleeplast += 150;
tempw = target - 3 * (tasksnumlast - 1) - partsNum;
{
if (stop) goto end;
MoveJoint("TEST", 13, NULL, 0);
robot_move = 1,
while (robot_move&&!stop)}
if (tasksnumlast < floor((target - 4) / partsNum) && adapWorkisOn == 1)}
workdiste = 1;
giveback;()

goto end;
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{

if (stop) goto end;

MoveJoint("TEST", 10, NULL, 0);
robot_move = 1;
while (robot_move&&!stop)}

if (tasksnumlast < floor((target - 4) / partsNum) && adapWorkisOn == 1)}

Stop;('&)
giveback;()
workdiste = 1;
goto end;

{

Sleep;(150)

{

if (stop) goto end;

givepart;()

if (modellon == 1)}
std::thread t2(detectmodel2);
t2.detach;()

{

if (partnum == 1)

timer('S', 0);

else}
timer('P', 0);
time_diff[0] = time_diff[0] + difftime(stoper[1][0], stoper[0][0]);
timer('S', 0);

{

if (modellon == 1 && partnum != 5)}
for (inti=0; i< 2; i++){//secondery task for model 1
task;()

{

Sleep;(10000)
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end:

while (robot_move == 1)
Sleep;(150)

robot_move = 0;

stop = 0;

{while (finish_work&&modellon==1&&parthum!=5);//stop condtion for model 1

robot_work2 = 0;
model2task = 1;
pins[0][pinscount-1] = clock;()
{
void timer(char action,int X){//function that starts or stops the timmer
if (action =='S")
time(&stoper[0][X]);
else}

time(&stoper[1][X]);

{
void CManualMoveDIg::OnBnClickedButton11()//write the collacted data to txt file named "example.txt"
}
CString str;
CString model;
if (modellon == 1)
model = "model 1;"
if (model2on == 1)
model = "model 2;"
if (adapWorkisOn == 1)}
model = "model 3;"
str.Format(model + "\n Total=%g ", pinsans[5]);
for (inti=1;i<5;i++)}
if (1%20==0)

str.Format(str + "%g \n", pinsansi]);
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else
str.Format(str + "%g ", pinsansl[i]);
{
str.Format(str + "targets \n");
for (inti=1;i<5;i++)}
if (i % 20 == 0)
str.Format(str + "%g \n", targetsi]);
else
str.Format(str + "%g ", targets|i]);
{
ofstream myfile;
myfile.open("example.txt", std::ios_base::app);

if (myfile.is_open())

}
myfile.end;
myfile << str + "\n;"
myfile.close;()

{

else cout << "Unable to open file;"
{
else}

str.Format(model + "\n Total=%g Cube 1=%g Cube 2=%g Cube 3=%g Cube 4=%g",
time_diff[0], time_diff[1], time_diff[2], time_diff[3], time_diff[4]);

ofstream myfile;
myfile.open("example.txt", std::ios_base::app);

if (myfile.is_open())

}
myfile.end;
myfile << str + "\n;"
myfile.close;()

{

else cout << "Unable to open file;"
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[IYwn NdIN Y C++ TIp — "T N90)

using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Drawing;

using System.Ling;

using System.Text;

using System.Threading.Tasks;
using System.Windows.Forms;

namespace WindowsFormsApplicationl
{
public partial class Form1 : Form
{
public Form1()
{
InitializeComponent();
}
int minl, secl, milsecl, min2, sec2, milsec2, min3, sec3, milsec3, min4, sec4, milsec4, flagl, flag2 = 0;
intindx1 =1, indx2 =1, indx3 = 1;
int[] arrl = new int[20];
int[] arr2 = new int[20];
int[] arr3 = new int[20];
int multipli = 1;

private void button1_Click(object sender, EventArgs €)
{

timerl.Start();

timer4.Start();

arrl[0] = O;
arr2[0] = 0;
arr3[0] = 0;

}

private void button2_Click(object sender, EventArgs €)
{

timer2.Start();

timer3.Stop();

multipli = 2;
flagl = 1;
if (flag2 == 1)
{

flag2 = 0;

arr2[indx2] = sec3 + 60 * min3 - arr2[0];
arr2[0] += arr2[indx2];
indx2++;
}
}

private void button3_Click(object sender, EventArgs €)
{

timer3.Start();

timer2.Stop();

multipli = 4;

flag2 = 1,

if (flagl == 1)
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flagl = 0;
arrl[indx1] = sec2 + 60 * min2 - arr1[0];
arrl[0] += arrl[indx1];
indx1++;
}
}

private void timerl_Tick(object sender, EventArgs e)
{
labell.Text = minl + ™" + secl +":"+milsecl.ToString();
milsec1+=1*multipli;
if(milsec1>10){
secl++;
milsec1=0;
}
else
milsecl++;
if (secl > 59)
{
minl++;
secl =0;
}
if (minl1 == 15 && sec1==0 && milsec1==0)
{
string text="";
timer1.Stop();
timer2.Stop();
timer3.Stop();
if (flagl == 1)
{
arrlfindx1] = sec2 + min2 * 60 - arr1[0];
arrl[0] += arrl[indx1];
}
if (flag2 == 1)
{
arr2[indx2] = sec3 + min3 * 60 - arr2[0];
arr2[0] += arr2[indx2];
}
MessageBox.Show("GAME OVER");
text =" robot 1 idle: *;
foreach (intiin arrl)
{
if(i>0)
text=text + ", " + i.ToString();
}
text = text + " robot 2 idle: ";
foreach (intiin arr2)
{
if (i > 0)
text=text + ", " + i.ToString();
}
text = text + " card assembly: *;
foreach (intiin arr3)
{
if (i>0)
text=text + ", " + i.ToString();
}

MessageBox.Show(text);

}

private void button4_Click(object sender, EventArgs €)
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multipli = 1;

timer2.Stop();

timer3.Stop();

if (flagl == 1)

{
flagl = 0;
arrlfindx1] = sec2 + 60 * min2 - arr1[0];
arrl[0] += arrl[indx1];

indx1++;
}
if (flag2 == 1)
{

flag2 = 0;

arr2[indx2] = sec3 + 60 * min3 - arr2[0];
arr2[0] += arr2[indx2];
indx2++;

}

private void button5_Click(object sender, EventArgs €)

{

}

multipli = 1;
timer2.Stop();
timer3.Stop();

private void button5_Click_1(object sender, EventArgs e)

{

}

timer2.Start();
timer3.Start();

multipli = 6;
flagl = 1,
flag2 = 1,

private void timer2_Tick(object sender, EventArgs e)

{

}

label5.Text = min2 + ":" + sec2 + ":" + milsec2.ToString();
milsec2 +=1;
if (milsec2 > 10)
{
sec2++;
milsec2 = 0;
}
else
milsec2++;
if (sec2 > 59)
{
min2++;
sec2 =0;

}

private void timer3_Tick(object sender, EventArgs e)

{

label6.Text = min3 + ":" + sec3 + ":" + milsec3.ToString();
milsec3 +=1;
if (milsec3 > 10)
{
sec3++;
milsec3 = 0;
}
else
milsec3++;
if (sec3 > 59)
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min3++;
sec3 =0;
}
}

private void timer4_Tick(object sender, EventArgs e)
{
/Nabel6.Text = min3 + ":" + sec3 + ":" + milsec3.ToString();
milsec4 +=1,
if (milsec4 > 10)
{
sec4++;
milsec4 = 0;
}
else
milsec4++;
if (sec4 > 59)
{
min4++;
sec4 = 0;
}
}

private void button6_Click(object sender, EventArgs e)
{

arr3[indx3] = sec4 + min4 * 60 - arr3[0];

arr3[0] += arr3[indx3];

indx3++;

}
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D'oIN X7 7In D'O1IN [IYXIA 10D NIXXIN — N N90)

type gender idle_robot_1 num_iteration_1 idle # iteration number of card card 1 card 2 card 3 card 4 card 5 total
robot 2 interactions
2

novice 139 170 33 235 201 0 6
novice 195 167 47 167 172 186 12
novice 181 64 87 128 156 0 10
novice 175 165 55 159 139 0 11
novice 183 202 49 104 341 0 11
novice 177 74 68 163 175 0 8
novice 166 215 26 214 111 151 8
novice 188 71 85 137 179 223 10
novice 153 188 87 0 0 0 10
novice 187 201 38 52 133 161 8
novice 205 178 69 191 159 191 9
novice 182 184 67 188 151 0 11
novice 157 156 47 218 124 0 10
novice 195 179 66 0 0 0 9
novice 227 210 83 0 0 0 4
novice 165 178 21 158 123 219 7
novice 203 191 48 188 175 0 10
novice 159 239 92 232 115 0 6
novice 196 179 56 182 0 0 8
novice 147 189 41 384 153 0 10
novice 184 185 62 167 139 236 8
novice 189 87 18 56 150 334 11
novice 177 178 32 175 144 0 10
novice 216 173 26 0 0 0 6
novice 170 84 70 175 190 286 8
novice 179 172 48 170 177 145 8
novice 175 74 69 143 212 0 10
novice 174 161 64 0 0 0 10
novice 190 177 59 319 135 0 8
novice 181 84 69 138 195 0 9
novice 173 145 30 219 113 269 8
novice 175 187 54 182 152 271 11
novice 143 167 19 198 184 0 11
novice 196 176 61 178 159 251 8
novice 194 187 175 172 126 0 9
novice 170 178 46 224 0 0 9
novice 185 179 48 194 168 0 8
novice 194 190 58 184 177 174 8
novice 202 68 50 143 204 0 9
novice 187 170 258 155 0 0 10



novice

novice

novice

novice

novice

novice

novice

novice

novice

novice

novice

novice

novice

novice

novice

novice

novice

novice

novice

novice

novice

novice

novice

novice

novice

novice

novice

novice

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

199

117

178

188

181

164

234

178

268

187

182

172

162

197

163

147

225

196

179

173

185

180

140

198

185

140

189

209

188

177

128

119

175

256

193

181

112

178

190

249

205

171

160

185

130

147

68

190

148

207

72

199

160

133

74

220

180

115

234

141

142

158

258

210

178

137

200

166

188

74

154

65

66

220

119

195

178

165

82

82

210

156

296

71

73

73

55

46

68

85

49

140

45

74

235

75

48

85

141

48

52

111

19

96

48

100

114

59

231

60

62

61

82

48

52

68

45

82

53

45

35

59

113

54

165

15

102

61

67

176

287

349

157

198

204

364

178

186

255

151

355

138

284

407

321

130

55

197

162

136

198

157

333

120

141

196

130

167

167

164

140

138

137

170

141

166

201

127

119

150

119

211

181

196

162

172

134

160

136

208

190

128

140

184

102

187

143

155

198

147

248

151

256

191

229

246

131

265

283

12

12

10

12

10

13

10

10

11

11

11

10

11

10



expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

178

179

183

238

189

188

242

179

202

196

163

147

191

195

181

212

196

189

257

184

142

185

169

269

195

176

127

213

166

206

193

189

166

112

192

179

182

242

186

165

155

155

65

77

190

161

70

211

159

175

159

160

146

59

89

76

203

182

186

181

171

220

193

221

201

176

44

154

170

168

272

196

209

191

167

154

76

76

76

69

127

152

150

167

74

126

70

88

20

54

83

46

62

25

45

103

39

68

31

62

28

51

68

246

34

80

19

86

71

86

41

47

142

102

81

16

69

15

17

74

91

81

82

16

69

41

36

388

188

165

268

167

163

167

200

81

229

129

180

150

444

158

197

150

140

255

153

158

173

278

120

308

161

231

141

145

145

108

181

205

252

208

148

167

459

176

172

150

168

212

190

119

68

155

149

169

186

201

234

162

189

129

149

168

135

271

278

179

170

267

180

271

105

288

131

207

10

10

12

10

11

10

11

12

12

11

11

11



expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

expert

192

194

287

183

178

112

189

197

133

130

190

190

182

244

183

175

91

199

183

151

193

183

75

3 3 56
3 2 51
2 1 59
3 3 46
4 3 77
5 4 60
5 4 70
5 2 47
3 2 33
5 3 24
4 1 37

189

312

151

200

134

154

190

584

244

166

170

168

153

157

281

225

216

10

10

10

11

11

10

10

10
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Case Processing Summary
Cases
Included Excluded Total
K] Percent K] Percent M Percent
cardl *type 132 100.0% 0 0.0% 132 100.0%
Report
cardl
hipe Mean I Std. Deviation
novice 70.58 67 38828
expert 58.78 65 24735
Total G477 132 33.068
ANOVA Table
Sum of
Squares df Mean Square F Sig.
card! *type  Between Groups  (Comhbined) 4591.8499 1 4551.8599 4.305 .040
Within Groups 138657.283 130 1066.594
Total 143245182 131

Measures of Association

Eta Eta Squared

card! *type 79 032
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Case Processing Summary

Cases
Included Excluded Total
] Percent I Percent ] Percent
card2 *type 115 87 1% 17 12.89% 132 100.0%
Report
card2
type Mean M Std. Deviation
novice 205.59 58 71.408
expert 177.63 56 55.069
Total 181.87 115 66.894
ANOVA Table
Sum of
Sguares df Mean Sguare F Sig.
card2 *type  Between Groups  (Combined) 22473.5549 1 22473559 5.208 024
Within Groups 487649 362 113 4315481
Total 510122922 114

Measures of Association

Eta Eta Squared

card2 *type 210 044
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Case Processing Summary

Cases
Included Excluded Total
i Percent M Percent i Percent
card3 *gender 50 68.2% 42 31.8% 132 100.0%
Report
card3
gender Mean M Std. Deviation
m 161.07 45 51.665
f 177.69 45 39.830
Total 169.38 a0 46,569
ANOVA Table
Sum of
Sguares df Mean Square F Sig.
card3*gender Between Groups  (Combined) 6216.711 1 6216.711 2,829 091
Within Groups 186795444 a8 2122710
Tatal 183015156 a9
Measures of Association

Eta Eta Squared

card3 ™ gender 79 032
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Case Processing Summary

Cases
Included Excluded Total
M Percent Kl Fercent M Percent
cardd *type 41 31.1% 91 68.9% 132 100.0%
Report
card4
type Mean M Std. Deviation
novice 24395 21 42240
expert 196.85 20 39577
Total 220.98 4 46,950
ANOVA Table
Sum of
Squares df Mean Sguare F Sig.
cardd *type  Between Groups  (Combined) 22727.473 1 22727.473 13.544 .001
Within Groups G5445.502 39 1678.080
Total B8172.976 40

Measures of Association

Eta Eta Squared

card4 *type G008 258
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Case Processing Summary

Cases
Included Excluded Total
M Percent M Percent Percent
total_interactions *type 132 100.0% 0 0.0% 132 100.0%
Report
total_interactions
type Mean M Std. Deviation
novice 8.39 67 1.623
expert 9.08 G5 1774
Tatal 8.73 132 1.730
ANOVA Table
Sum of
Squares df Mean Square F Sig.
total_interactions *type  Between Groups  (Comhbined) 15.656 1 15.656 54058 022
Within Groups 376.526 130 2,896
Total 392182 1

Measures of Association

Eta

Eta Squared

total_interactions * type

.200

.040




81

n'olan X7 7 n'onn "o a'70an nt? SPSS n NIXXIN - X' ND0)

Case Processing Summary

Cases
Included Excluded Total
I Percent M Percent Percent
Total_idle_time *type 132 100.0% i 0.0% 132 100.0%
Report
Total_idle_time
hpe Wean N Std. Deviation
novice | 3427313 67 53.44286
expert | 338.6308 65 73.51181
Total 3407121 132 §3.90087
ANOVA Table
Sum of
Sguares df Mean Square Sig.
Total_idle_time *type  Between Groups  (Combined) 554 758 1 554.758 1358 714
Within Groups 534360.303 130 4110.464
Total 534915.061 131

Measures of Association

Eta

Eta Squared

Total_idle_time * type

03

-
2

001
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n'olln
Case Processing Summary
Cases
Included Excluded Total
M Percent N Percent N Percent
num_of_cards *type 132 100.0% 0 0.0% 132 100.0%
Report
num_of_cards
type Mean M Sta. Deviation
novice 203 67 Aa74
expert 2.85 65 1.064
Tatal 2.89 132 1.016
ANOVA Table
Sum of
Squares df Mean Sguare F Sig.
num_of_cards *type  Between Groups  (Comhined) 207 1 207 1488 G456
Within Groups 135.088 130 1.039
Total 135.295 131

Measures of Association

Eta Eta Squared
num_of_cards * type 039 .oo2
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Case Processing Summary

nid'o SPSS n NIXXIN - "T' N90)

Cases
Included Excluded Total
M Percent I Percent Percent
num_of_cards *type 132 100.0% 0 0.0% 132 100.0%
cardl *type 132 100.0% 0 0.0% 132 100.0%
card2 *type 115 87.1% 17 12.9% 132 100.0%
card3 *type a0 68.2% 42 31.8% 132 100.0%
card4d *type 41 31.1% 91 68.9% 132 100.0%
total_interactions *type 132 100.0% 0 0.0% 132 100.0%
Total_idle_time *type 132 100.0% 0 0.0% 132 100.0%
Report
num_of_card total_interacti | Total_idle_tim
ype 5 card1 card2 card3 cardd ons e
novice  Mean 2.43 70.58 205.59 162.65 243.95 8.39 342713
M 67 67 59 49 2 67 67
Std. Deviation 974 38.828 71.408 38147 42.240 1.623 53.44286
expert  Mean 285 58.78 177.63 177.41 196.85 9.08 338.6308
M G5 i) 56 41 2 65 645
Std. Deviation 1.064 24.735 59.069 54.383 39.677 1.779 7351181
Total Mean 2.89 64.77 191.97 169.38 220.98 8.73 340.7121
M 132 132 115 90 41 132 132
Std. Deviation 1.016 33.068 66.594 46.569 46.950 1.730 63.90087
ANOVA Table
Sum of
Squares df Mean Sguare F Sig.
num_of_cards * type Between Groups  (Combined) .207 1 207 199 656
Within Groups 135.088 130 1.039
Total 135.295 131
cardl *type Between Groups  (Combined) 4591.899 1 4551.899 4,305 .040
Within Groups 138657.283 130 1066.594
Total 143249182 131
card2 * type Between Groups  (Combined) 22473.559 1 22473.559 5.208 024
Within Groups 487649.362 113 4315481
Total 510122.922 114
card3 *type Between Groups  (Combined) 4864.102 1 4864102 2.275 135
Within Groups 188151.053 a8 2138.080
Total 193015.156 89
cardd *type Between Groups  (Combined) 22727473 1 22727473 13.544 .001
Within Groups 65445502 39 1678.080
Total 88172.976 40
total_interactions *type  Between Groups  (Combined) 15.656 1 15.656 5405 022
Within Groups 376.526 130 2.896
Total 392182 131
Total_idle_time * type Between Groups  (Combined) 654.758 1 564 758 135 714
Within Groups 534360.303 130 4110.464
Total 534915.061 131
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idle_robot
1

201

187

185

210

200

186

193

200

197

167

188

188

180

177

181

190

181

187

187

193

193

200

190

195

172

197

192

179

179

206

184

192

180

201

181

204

198

191

189

num_iteration
1

4

idle robot
2

181

163

175

185

173

170

178

185

170

174

168

180

178

178

184

190

170

175

190

171

168

173

168

188

174

194

189

161

192

180

171

171

168

178

179

173

173

158

202

# iteration
2

number of
card

card

97

49

83

110

44

86

76

78

69

96

57

24

75

99

53

92

123

88

103

111

98

29

57

42

53

72

110

22

94

60

66

51

109

68

51

67

64

50

card

64

69

151

153

278

277

193

188

240

151

199

197

200

300

76

323

122

272

96

154

210

269

170

239

258

130

208

143

272

144

236

115

71

card

105

155

149

183

149

223

236

94

147

248

204

201

250

202

203

179

125

236

179

164

171

114

113

164

card

217

257

195

224

203

211

card

total
interactions

12

10

12

10

10

11

10

12

12

10

10

12

10

12

10

10

10

11



2 187
2 206
2 192
1 165
1 178
1 183
2 188
1 171
2 185
1 192
1 184

182

173

168

190

192

193

180

188

196

178

167

86

41

98

85

126

85

100

53

88

84

35

73

232 286
173 173
143 241
230

98 139
245 265
60

222 89
73 228
170 146
174 190

135

10

11

10

12

11

11
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10

aimm 7713 7 aimm X%% 1012 lwxan 9% SPSS n nIXXIN - 'TV ND0)

Case Processing Summary

Cases
Included Excluded Total
M Percent M Percent M Percent
card! *algorithm 50 100.0% i 0.0% 50 100.0%
Report
card1
algorithm Mean M Std. Deviation
with switching 76.88 25 16.853
without switching 83.20 25 38.345
Total 80.04 50 20.487
ANOVA Table
Sum of
Squares df Mean Square Sig.
card1 * algorithm  Between Groups  (Combined) 4499 280 1 495 280 Ralite] LT
Within Groups 42104.540 48 877180
Total 42603.920 49

Measures of Association

Eta

Eta Squared

card! *algorithm

108

012
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Case Processing Summary

Cases
Included Excluded Total
M Percent N Percent Percent
card2 *algorithm 45 50.0% 5 10.0% 50 100.0%
Report
card2
algorithm Mean il Std. Deviation
with switching 202.70 23 42.400
without switching 185.55 22 38.744
Total 194 31 45 HA16
ANOVA Table
Sum of
Squares df Mean Square F Sig.
card2 * algorithm  Between Groups  (Combined) 3307.320 1 3307.320 2.0Mm 164
Within Groups 71074324 43 1652.891
Total 74381.644 44

Measures of Association

Eta Eta Squarad

card2 * algorithm

21

044
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Case Processing Summary

Cases
Included Excluded Total
M Percent I Percent I Percent
card3 *algorithm 36 72.0% 14 28.0% 50 100.0%
Report
card3
algorithm Mean M Std. Deviation
with switching 183.10 2 49.478
without switching 216.80 15 41.951
Total 197.14 36 48.856
ANOVA Table
Sum of
Squares df Mean Sguare F Sia.
card3 * algorithm  Between Groups  (Combined) 9940.096 1 9940.096 4.542 038
Within Groups 73600.210 34 2164.712
Total 83540.306 35

Measures of Association

Eta Eta Squared

card3 * algarithm 345 114
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Case Processing Summary

Cases
Included Excluded Total
M Percent M Percent N Percent
cardd * algorithm 7 14.0% 43 86.0% 50 100.0%
Report
card4
algorithm Mean il Std. Deviation
with switching 182.33 3 42.442
without switching 251.25 4 31.983
Total 221.71 7 49688
ANOVA Table
Sum of
Squares df Mean Square F Sig.
cardd * algorithm  Between Groups  (Combined) 8142012 1 8142012 6.102 0587
Within Groups 6671.417 5 1334.283
Total 14813.429 6

Measures of Association

Eta Eta Squared

card4 * algorithm T4 550




90

aimm 7710 71 amm %% 1012 702 nt? SPSS n nIxxIn - '> 901

Case Processing Summary

Cases
Included Excluded Total
M Percent & Percent M Percent
COMPUTE 50 100.0% 0 0.0% 50 100.0%
Total_idle_time=idle_roh
ot_1 +idle_robot2 *
algorithm
Report
COMPUTE Total_idle_time=idle_rabot_1 +idle_robot2
algarithm Mean M Std. Deviation
with switching 3473600 25 3431943
without switching | 3681200 25 1381822
Total 357.7400 50 27.93492
ANOVA Table
Sum of
Squares df Mean Square F Sig.
COMPUTE Between Groups  (Combined) 5387.22 1 5387.22 7.872 .0o07
Total_idle_time=idle_roh — -
ot_1 +idle_robot2 * Within Groups 32850.400 48 G84.383
algorithm Total 38237.620 49

Measures of Association

Eta

Eta Squared

COMPUTE

Total_idle_time=idle_rah

ot_1 +idle_robot2 *
algorithm

75

A4
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Case Processing Summary

Cases
Included Excluded Total
i Percent M Percent M Percent
total_interactions * 50 100.0% 0 0.0% 50 100.0%
algorithm
Report
total_interactions
algorithm Mean M Std. Deviation
with switching 9.4400 25 1.52971
without switching 9.9600 25 1.17189
Total 9.7000 50 1.37396
ANOVA Table
Sum of
Squares df Mean Square F Sig.
tutal__interactions * Eetween Groups  (Combined) 3.380 1 3.380 1.820 184
algorithm Within Groups 89.120 48 1857
Total 2.500 49

Measures of Association

Eta Eta Squared
total_interactions * 191 037
algorithm
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Case Processing Summary

Cases
Included Excluded Total
M Percent M Percent M Percent
card1 * algorithm 50 100.0% i 0.0% 50 100.0%
card2 * algorithm 45 50.0% 5 10.0% 50 100.0%
card3 * algorithm 36 72.0% 14 28.0% 50 100.0%
cardd * algorithm 7 14.0% 43 86.0% 50 100.0%
cardd * algorithm 50 100.0% i 0.0% 50 100.0%
COMPUTE 50 100.0% 0 0.0% 50 100.0%
Total_idle_time=idle_roh
ot_1 +idle_robot2 *
algoarithm
total_interactions * 50 100.0% i 0.0% 50 100.0%
algoarithm
Report
COMPUTE
Total_idle_tim
e=idle_robot_
1+ total_interacti
algorithm card1 card2 card3 cardd cards idle_rohot2 ons
with switching Mean 75.92 203.78 18571 182.33 .00 347.3600 5.4400
M 2 2 2 3 2 25 25
Std. Deviation 17.630 42.568 48.188 42.442 .0oa 34.31943 1.52971
without switching  Mean 8416 184.41 21313 251.25 .00 368.1200 9.9600
M 2 22 15 4 2 25 25
Std. Deviation 3r.eoz2 37.983 46.690 31.983 .0oa 13.81822 1.17188
Total Mean 80.04 18431 14714 MM .00 357.7400 §.7000
M 50 45 36 7 50 50 a0
Std. Deviation 28.487 41116 48.856 49.688 .0oa 27.93492 1.37386
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EBen-Gurion University of the Negev ~ Human Subjects Fesearch Conumnittee

APPLICATION FOR APPROVAL TO USE

HUMANS AS SUBJECTS IN EMPIRTCAL STUDY

1. General

Name of Research Project: Human-robot collabration models comparnson.

To which agency is the proposal being submitted (or has been submitted): Not suported -
Department commitee

Principal Investigator/s (or academic supervisor/s):

Name: Edan¥Yael Name: Someshwar Boy

Department: Industrial Engineering & Department: Industrial Engineering &
Management Management

Academic position: Prof. Academic position: P.H.I) student
University Telephone: University Telephone:

Mohile Phone: Mobile Phone:

University Email: yael@bgu.ac.il University Email: someshwar.roy@eudm.cu
Other Email: Other Email:

Name(s) of those conducting the research (if different from above):

Name: Ygal peretz Name: Lior Sayfeld
Department: Industrial Engineering & Department: Industrial Engineering &
Management Management

Academic position: Undergraduate Student Academic position: Undergraduate Student
University Telephone: University Telephone:

Mohile Phone: 0507967532 Mobile Phone: 0544885518
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APPLICATION FOR APPREOVAL TO USE

HUMANS AS SUBJECTS IN EMPIRICAL STUDY

Email:igalperetzi@gmail.com Email: sayfeld@gmail.com

II. Consent to Participate

Are the subjects able to legally consent to participate in the research? Eves [No
Ifyes, proceedto 1 Ifne, proceedto 2 and completea b, c.

1. Will the subjectsbe askedto sign a consent fonm? P ves [INo

If you answered no, please explain here:

2. If a subject cannotlegally consent (minors, mentally incapadtated, ete):

a. Will the subject'slegal guardianbe askedto sign a consent fonm? [ Jves/ Mo
If vou answered no, please explain here:
b. Will the subjectbe askedto give oral consent? [ Jves w0
c. Are theinstructions appropriate to the subjects'level ofunderstanding? [ ves [ Mo
Comments:
II1. Discomfort:
3. Will the participantsbe subjected to physical discomfort? [Jves/ Mo
4. Will the participantzs be subjectedto psychological discomfort?: Cves Nao

If vou answered ves to question 3 or 4 above, add here a detailed explanation of the
circumstances

IV. Deception

3. Doesthe researchinvolve deceiving the subjects? [ ves/ B No

6. Isthe decision on the part ofthe subject to participate in the study based on
deception? (For example, if they are informed only afterthe event oftheir participation.)
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DYES f Mo

If vou answered ves to question 5 or 6 above, add here a detailed explanation why deception is
NEeCcessary:

V. Debriefing of Subjects

Ifthe study involves any discomfort or deception, it is necessary to personally debrief the subjects
afterthe expenmentin order to explain the reazons forthe discomfort and/or deceptionn Ifthe study
doesnotmvolve any discomfort or deception, the subject should be provided, upon completion ofthe

experment, with a brief winitten description ofthe study's objectives.

7. Will the subjectsbe debnefed orally? [ Jves/ No
8. Will the subjectsbe debriefedin writing? [ Jves B o

Ifyou answeredno to both 7 and § above, explain below: The study dosenot involve any disconfort
or deception, the subject will be provided with a brief wirrten descrption ofthe study objectives.

VI. Compensation for Participation

9. Will the subjectsreceive compensation for participation? Bdves [ Mo
If the compensationis monetary, give details: No.

Other type of compensation detail here: The subjects will recive 1 bonus pointin automotion
COUTSE.

If you answered no to question 9, explain the basis for participation:

VII. Privacy:

10. Will audio and’orvisualrecordings be made ofthe subjects? Bdves ' [nNo
11. If yes, are they nformed of this factin the consent form? Edves ' [mo

12. Wil the data collected containidentifying details about the subjects? Clves/ No

153. Ifthe data contains identifying details, what steps will youtake to ensure the
confidentiality ofthe mformmation? Howwill the data be stored? What will be done with
identifying mformation orrecordings of the subjects atthe end ofthe research?
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VIII. Withdrawal from the Study:
14. Will subjectsbe informed that they may withdraw

from the study at any tirme? Edvesr [ Mo
15. Will the subjectsincur any loss, monetary or other, if they withdraw from the
study beforeits completion? [ Jves/ Mo

If you answered ves to question 15, specify the loss that will be incurred and why:

IX. Research equipment

16. Does the research entail the use of equipment other than standard equipment such as
computers, video recording equiprment? Eves [No

17.Ifyes, doesthe equipment being used meet safety standard foruse with

human subjects? Please specify which standards. E ves' [No

The SCORBOT ER4Urobotis a versatile andreliable system for educational use.
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Signatories:
Name: ¥galperetz Position: Eesearcher Name: Lior sayfeld Position: Researcher
Signature: Date:233.14 Signature: Date:23.3.14

Title of Research Project: Human-Fobot adaptive collaborationmodel

Thiz zaction iz to be fillad out by a membar of the Heman Subjacts Fazsarch Committss only
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standard deviation 73.51. There was no significant difference in the number of

interactions.

Conclusions-

There is a difference in performance measures of a person with experience and
a person without experience, when a person with experience works more

effectively with the robot and interacts with it.

An algorithm with switching is better than an algorithm without switching when
working with users who accumulate experience as they work with the robotic

system.

This work was conducted in parallel to study that dealt with a system that
categorizes the person who works with a robotic system using logistic
regression (Sayfeld, 2017). The system is able based on the performance
measures to identify whether a male or female worker is working with the
system and whether an adult or child is working with the system (Sayfeld, 2017).
The human-robot collaborative system was developed in cooperation, the two
studies were performed in the same robotic system and with the same operating
system of the robot. Some of the experiments were done together but with
different algorithms, but most experiments were different and with different
populations. Results analyses and algorithms for the adaptive system were
different.

Publications and future Publications

Sayfeld L, Peretz Y., Someshwar R., Edan Y. (2014), 7Evaluation of human-
robot collaboration models for fluent operations in industrial tasks”, RSS 2015
- July 17, 2015 - Sapienza University of Rome.

Sayfeld L, Peretz Y., Someshwar R., Edan Y. (2014),”Evaluation of human-
robot collaboration models for fluent operations in industrial tasks”, ICR 2016
— 5th Israeli Conference of Robotics, April 2016, Herzelia

Sayfeld L, Peretz Y., Someshwar R., Edan Y. Performance evaluation of
different populations in human-robot collaborative systems. (in preparation).



Experiments - In the first part of the project, experiments were conducted to test the
performance of the people when they were working as non-experts and experts and
included correspondingly 54 and 52 students. The objective measures examined were
card assembly time, idle time, total work time and the number of cards that a person
managed to solve. In addition, we tested when the person felt experienced working with
the robot through questionnaires filled out by the experimenters at the end of the
experiment in the first stage that the subjects were non-expert. After the first set of
experiments, another set was conducted to compare the switching algorithm to an
algorithm without switching, and included 15 students that worked with the switching
algorithm and 14 students that worked without the switching algorithm. Each test
subject performed a primary task of solving a three-dimensional puzzle while

performing a secondary mission to help the robot in its mission.

Results — Results revealed a difference between the performance measures of an expert
person and non-expert person. The first card, second and fourth yielded significant
difference between the averages of the two groups where the expert performed better
than non-experts at 20%, 15% and 24% respectively (Card 1: experts - 70.58 seconds,
standard deviation 38.8; non-experts- average of 78 seconds, standard deviation 24.7,
Card 2 : experts - average of 177.6 seconds, standard deviation 59; non-experts average
of 205.59 seconds, standard deviation 71.4, card 4: experts - average of 196.85 seconds,
standard deviation 39.57; non- experts - average of 243.95 seconds standard deviation
42.24. The number of interactions had significant average difference of 8%, experts had
an average of 9 seconds (standard deviation 1.78) and non-expert had an average of 8.3
seconds (standard deviation 1.62). Third card, idle time and the number of cards that
were resolved had no significant differences between the 2 groups.

Comparing the algorithm with switching to an algorithm without switching did not
show a significant difference in the performance of the first and second card. In the
third and fourth card (with the expert algorithm) there was a significant difference
between the averages of the two groups where the switching algorithm was better at
18% and 37% than the algorithm without switching for the third and fourth cards
respectively (third card: without switching had an average of 216.8 seconds, standard
deviation 41.95, with switching algorithm had an average of 183.1 seconds, standard
deviation 49.47, the fourth card, the non-switching algorithm yielded an average of
251.25 seconds, standard deviation 31.98, vs. the switching algorithm which yielded an
average of 182.3 seconds, standard deviation 42.442). In idle time, there was a 5%
significant difference between the averages in favor of the switching algorithm, the
without-switching algorithm had an average of 338.63 seconds with a standard
deviation of 53.44 and the switching algorithm had an average of 342.73 seconds,



Abstract

A collaborative human-robotic system was developed and its performance was
examined in a series of experiments. The main challenge was to provide the system
with the ability to adapt to the person who cooperated with it in order to perform the
cognitive task in the best possible way. The goal of the experiments was to distinguish
between experts and non-experts operators and to compare adaptive algorithms to

human experience with algorithms that do not adapt to human experience.

The system that was developed simulates a factory assembly task in which the product
created requires a cognitive task that suits a person, and a cyclical and tiring work that
suits the robot. The work by the human and the robots are performed in parallel and in
cooperation (the first task is done in cooperation and each has a secondary task).

The aim of this study was to develop an adaptive algorithm that includes switching
between two modes. The first mode is for when the human starts working with the robot
(when the operator is non-expert) and the second mode is after the person has
experience with the system (because he has already worked with a robot before or after
several assembly cycles).

The system - the system includes two SCOREBOT-4U five degrees of freedom
educational robots and one person working with the robots in cooperation. The person
must solve a three-dimensional puzzle called “Gravity maze” when he receives a card
that represents a quiz he must solve. The robot asks the person for Lego parts needed
for an assembly task. The optimal time for the robot to arrive to give the person a new
Lego part is when he finishes a card.

The experiment - in the experiment the person receives a number of cards and the main
task was to solve as many cards as possible, the cards were handed randomly but with
the same level of difficulty, and the difficulty level was for beginners. The human-robot
algorithm that was applied in the experiments is a time-based algorithm in which the
robot asks for a part from the person at fixed time intervals that were determined by a

pre-experiment based on averaged times of solving puzzles.

Algorithm - the algorithms were selected based on previous research (Syfeld, Peretz,
et al., 2014) and included a sensor-based algorithm for the work phase in which the
person is considered non-expert (the first 2 cards), and an adaptive algorithm for when
the person is defined as expert. The algorithm includes switching between the two
algorithms so as to accommodate for the non-expert and expert.
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